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1 Plaintiff Panasonic Entertainment & Communication Co., Ltd. (“PEAC?”) files this action
2 || against Defendant Optimum Imaging Technologies LLC (“OIT”) for Declaratory Judgment that
3 || PEAC does not infringe certain U.S. patents identified below (the “patents-in-suit”), and in

4 || support thereof alleges the following:

Nature of the Action

1. This action arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and
2202, the patent laws of the United States of America, 35 U.S.C. § 101, ef seq.

The Parties

o 0 9 &N W

2. Plaintiff PEAC is a Japanese entity having a principal place of business at 1-10-12
10 | Yagumo-higashi-machi, Moriguchi City, Osaka 570-0021, Japan. As part of its business, PEAC
11 || designs and manufactures audio and visual products, digital cameras, and communication

12 || devices.

13 3. Defendant OIT is a Texas limited liability company founded in 2009 and with an
14 || address at 8701 Shoal Creek Blvd. #401, Austin, Texas 78757. This address is also the listed

15 || address of an attorney who serves as OIT’s registered agent for service.

16 Jurisdiction and Venue

17 4. This is a civil action regarding allegations of patent infringement arising under the
18 || patent laws of the United States, Title 35 of the United States Code, in which PEAC seeks

19 || declaratory relief under the Declaratory Judgment Act. Thus, this Court has subject matter

20 || jurisdiction over this controversy pursuant to 28 U.S.C. §§ 1331, 1332, 1338, 2201 and 2202.

21 5. This Court has personal jurisdiction over OIT. Neal Solomon, having a mailing
22 || address of P.O. Box 21297, Oakland, CA 94620, is the sole managing member of OIT, the sole
23 || named inventor of the patents-in-suit, and a resident of Northern California.

24 6. On information and belief, OIT has no employees or agents other than Neal

25 || Solomon and the above-referenced registered agent for service.

26 7. On information and belief, Neal Solomon has resided and worked in Northern

27 || California for over the past 20 years and at all times relevant to this action.

28 8. On information and belief, Neal Solomon was living and working within the
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Northern District of California at the time he allegedly conceived of the alleged inventions of the
patents-in-suit, including by and through Solomon Research LLC, a company formed in 2004
under California law with listed addresses of 388 Market St., San Francisco, California 94111
and 101 California Street, San Francisco, California 94111.

9. On information and belief, Neal Solomon maintains 415- and 510-area code
business phone numbers (415-433-5400, 415-334-5600, 510-234-1800) and conducts OIT’s
business out of the Northern District of California.

10.  Prior to June 25, 2019, the patents-in-suit (and/or applications that led to their
issuance) were owned by Neal Solomon and, upon information belief, work and other business
activities relating to those patents were performed in California.

1. On June 25, 2019, the patents-in-suit (and/or applications that led to their
issuance) were assigned by Neal Solomon to OIT. Upon information and belief, the patent assets
assigned to OIT by Neal Solomon comprise a substantial portion of OIT’s assets.

12. On July 8, 2019, OIT filed a Complaint in the Eastern District of Texas against
Canon Inc., claiming that Canon products infringed certain of the patents-in-suit (the ‘805 and
‘339 patents) Case No. 2:19-CV-00246-JRG. Between July 8, 2019 and April 28, 2021, OIT
actively litigated its case against Canon through legal counsel whose offices also were located in
the Northern District of California.

13. On information and belief, OIT performed work and other business activities in
California relating to its litigation against Canon, and such activities comprised a substantial
portion of OIT’s business activities.

14. On information and belief, since at least October 18, 2023, OIT has performed
work and other business activities in California relating to its litigations against Panasonic
Corporation and five other companies, and such activities have comprised a substantial portion
of OIT’s business activities.

15. On information and belief, since July 8, 2019, OIT and Neal Solomon have
performed work and other business activities in California relating to prosecution of certain of

the patents-in-suit through patent counsel whose offices are also located in the Northern District

COMPLAINT FOR DECLARATORY JUDGMENT CASE No.




A W ON

o 0 9 &N W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

FUTTERMAN DUPREE

DobD CROLEY
MAIER LLP

Case 3:24-cv-02466-TLT Document 1 Filed 04/25/24 Page 4 of 231

of California.

16.  Accordingly, OIT has purposefully availed itself of the privilege of doing
business in California. Moreover, by doing business in California, OIT has availed itself of the
protections of California and has thereby subjected itself to the jurisdiction of this Court.

17. On information and belief, Neal Solomon and/or Solomon Research LLC possess
and maintain information, records and other evidence in this District relating to the conception
and patenting of the alleged inventions of the patents-in-suit.

18. Venue is proper in this district, inter alia, pursuant to 28 U.S.C. §§ 1391(b),
1391(c), 1400(a) and 1400(b).

Defendant’s Allegations of Patent Infringement Giving Rise to a Justiciable Controversy
Between OIT and PEAC

19. On October 18, 2023, OIT filed a complaint against Panasonic Corporation in the
Eastern District of Texas alleging patent infringement. A copy of the complaint (Case 4:23-cv-
00926) is attached as Exhibit A. The complaint inaccurately alleges that Panasonic Corporation
“has imported, sells, has sold for sale and/or offers for sale in the United States cameras and
lenses (and components of the same)” (the “Accused Products™) that infringe OIT’s ‘805, ‘339,
‘685, and ‘266 Patents (the “patents-in-suit”). Copies of the patents-in-suit are attached as
Exhibit B.

20. OIT did not serve Panasonic Corporation when it filed the Complaint. As
Panasonic Corporation is a foreign entity, OIT has indicated that it will seek to serve Panasonic
Corporation through the Hague Convention. Such service has not yet been effected.

21. Panasonic Corporation has not imported, sold, sold for sale and/or offered for sale
the Accused Products in the United States.

22. On April 1, 2022 the Panasonic group of companies underwent an absorption-type
company split to create a new group structure consisting of a holding company and operating
companies. With this restructuring, the name of the parent company was changed from
Panasonic Corporation to Panasonic Holdings Corporation and the various Panasonic businesses

were transferred to eight subsidiary operating companies. Panasonic Holdings Corporation is

4
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headquartered at 1006, Kadoma, Kadoma City, Osaka 571-8501 Japan.

23.  As part of the restructuring on April 1, 2022, the subsidiary operating company
responsible for developing, manufacturing and selling electronic appliances, heating &
ventilation A/C, food distribution, electrical equipment, and ion generator devices was
established and named “Panasonic Corporation”. Panasonic Corporation does not develop,
manufacture or sell digital cameras or lenses.

24.  Also as part of the restructuring on April 1, 2022, Panasonic Entertainment &
Communication Co., Ltd. (“PEAC”) was established as a subsidiary operating company of
Panasonic Holdings Corporation. PEAC is headquartered at 1-10-12 Yagumo-Higashi-Machi,
Moriguchi City, Osaka 570-0021 Japan.

25.  PEAC and Panasonic Corporation are separate legal and juridical entities that
maintain and respect all corporate formalities and distinctions.

26.  PEAC is engaged in the design, manufacture, and sale of consumer electronics,
including audio and video products such as OLED TVs, Lumix digital cameras, headphones,
phones, intercoms, etc., as well as business products and solutions such as broadcast,
professional AV, and sound systems.

27. A simple Internet search would have revealed to OIT that Panasonic Corporation
does not make cameras. Panasonic Holdings Corporation, the ultimate parent is transparent
about its corporate structure and publishes this information to the public.
(https://holdings.panasonic/global/corporate/about/group-companies.html). The public
corporation organization chart clearly shows that Panasonic Corporation, the improvidently
named defendant in the OIT Eastern District of Texas Action, does not make digital
cameras. (/d.) Further, PEAC is transparent about its corporate structure and publishes this
information to the public, including the fact that it makes digital cameras.
(https://www.panasonic.com/global/peac/corporate-profile.html).

28. An actual controversy exists between PEAC, on the one hand, and OIT, on the
other hand, concerning whether PEAC’s manufacturing, importation, distribution, and sale of the

Accused Products in the U.S. infringes OIT’s patents (the patents-in-suit).
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1 29.  Inits complaint, OIT alleges that Panasonic Corporation’s digital cameras and

2 || lens products infringe claims of the ‘805, 339, ‘685, and ‘266 Patents and that the patents-in-suit
3 || are valid.

4 30. PEAC contends that it has the right to make, use, have made, sell, and offer for

sale all the Accused Products as well as any other Panasonic-brand digital cameras, including
cameras and lenses that incorporate digital lens aberration correction, within the statutory period,
without license from OIT, because the Accused Products do not infringe the patents-in-suit or

any other rights owned by OIT, Neal Solomon and/or Solomon Research LLC.

o 0 9 &N W

31. A non-exhaustive list of some of the Accused Product models includes: Panasonic
10 || LUMIX S1, S1H, S1IR, S5, S5M2, S5M2X, GH4, GH5, GH5S, GH5M2, G7, GH6, G9, GXO9,
11 || G85, GX85, G95, and G100.

12 Statement of Facts

13 32. A patent application, entitled “Digital Imaging System and Methods for Selective
14 || Image Filtration”, with application number 11/825,521 was filed on July 6, 2007, and ultimately
15 || issued as U.S. Patent No. 7,612,805 (“the ‘805 Patent”) on November 3, 2009.

16 33.  Neal Solomon is the sole named inventor and original owner of the ‘805 patent.
17 || An Assignment, executed on June 25, 2019 and recorded at the USPTO on June 25, 2019

18 || assigned ownership of the ‘805 patent to OIT.

19 34. A continuation patent application entitled “Digital Imaging System for Correcting
20 || Image Aberrations”, with application number 12/586,221 was filed on September 18, 2009, and
21 || ultimately issued as U.S. Patent No. 8,451,339 (“the ‘339 Patent”) on May 28, 2013.

22 35.  Neal Solomon is the sole named inventor and original owner of the ‘339 patent.
23 || An Assignment, executed on June 25, 2019 and recorded at the USPTO on June 25, 2019

24 || assigned ownership of the ‘339 patent to OIT.

25 36. A continuation patent application entitled “Digital Imaging System for Correcting
26 || Image Aberrations”, with application number 13/691,805 was filed on December 2, 2012, and
27 || ultimately issued as U.S. Patent No. 10,873,685 (“the ‘685 Patent”) on December 22, 2020.

28 37.  Neal Solomon is the sole named inventor of the ‘685 patent. An Assignment,
FUTTERMAN DUPREE
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1 || executed on June 25, 2019 and recorded at the USPTO on June 25, 2019 assigned ownership of
the 13/691,805 patent application and all patents issuing therefrom to OIT. On information and

belief, OIT is the current owner of the ‘685 patent.

A W ON

38. A continuation application entitled “Digital Camera with Wireless Image
Transfer”, with application number 16/692,972 was filed on November 22, 2019, and ultimately
issued as U.S. Patent No. 10,877,266 (“the ‘266 Patent”) on December 29, 2020.

39.  Neal Solomon is the sole named inventor of the ‘266 patent. An Assignment,

executed on June 25, 2019 and recorded at the USPTO on April 24, 2020, assigned ownership of

o 0 9 &N W

the 16/692,972 patent application and all patents issuing therefrom to OIT. On information and
10 || belief, OIT is the current owner of the ‘266 patent.

11 40. On October 18, 2023, OIT filed a complaint (Exhibit A) against Panasonic

12 || Corporation in the Eastern District of Texas alleging patent infringement. The complaint alleges
13 || that Panasonic Corporation’s cameras (the “Accused Products”) infringe OIT’s ‘805, ‘339, ‘685,
14 || and ‘266 Patents (the “patents-in-suit”).

15 41. OIT sued the wrong entity.

16 42. Panasonic Corporation did not, and does not, make, import, offer for sale or sell
17 || the Accused Products.

18 43. OIT is attempting to serve, or has served, the wrong entity at the wrong Tokyo,
19 || Japan address. (PEAC and its parent company, Panasonic Holdings Corporation, are both located
20 || in Osaka, Japan.)

21 44, On April 1, 2022, Panasonic Entertainment & Communication Co., Ltd.

22 || (“PEAC”) was established as an operating company of Panasonic Holdings Corporation.

23 45.  PEAC makes and exports the Accused Products for sale in the United States.
24 46. PEAC denies that it infringes OIT’s ‘805, 339, ‘685, and ‘266 Patents.
25 First Cause of Action
Declaratory Judgment of Non-Infringement of
26 U.S. Patent No. 7,612,805
27 47.  PEAC repeats and incorporates by reference the allegations of paragraphs 1-46
28 || above as if fully set forth herein.
FUTTERMAN DUPREE
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48.  There is an actual controversy between PEAC and OIT as to alleged infringement
of the ‘805 Patent.

49.  None of the Accused Products infringe any of the claims of the ‘805 Patent.

50.  For example, the Accused Products lack any element that corresponds to at least

the following limitations in the independent claims of the ‘805 Patent:

Claim
No. Example Limitations Not Present in Accused Products
1 “a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal”

“wherein the system software is organized to identify specific optical
aberrations and to access the database to identify specific corrections to the
aberrations”

“wherein the digital signal processor selects a specific procedure to optimize
the image and corrects the aberrations”

“wherein the digital signal processor applies a fast Fourier transform to a data
file in order to satisfy a user specified special effects function”

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“wherein the system software is organized to identify specific optical
aberrations and to access the database to identify specific corrections to the
aberrations”

“wherein the digital signal processor selects a specific procedure to optimize
the image and corrects the aberrations”

“wherein a data file is analyzed by the microprocessor to separate specific
objects in the image using the differentiation of the depth-of-field”

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and the digital signal processor”

“wherein the system software is organized to identify specific optical
aberrations and to access the database to identify specific corrections to the
aberrations”
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“wherein the digital signal processor selects a specific procedure to optimize
the image and corrects the aberrations”

“wherein the lens focal length alternates from specific fixed focal length lens
settings in a succession of steps”

“wherein optical aberrations are corrected with digital filtration to modify
multiple images from different focal lengths in a succession of data files”

11

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal”

“wherein the system software is organized to identify specific optical
aberrations and to access the database to identify specific corrections to the
aberrations”

“wherein the digital signal processor selects a specific procedure to optimize
the image and corrects the aberrations”

“wherein a data file is analyzed by the microprocessor to separate specific
objects in the image using the temporal differentiation of caching in which
successive images share geometric elements”

“wherein the digital signal processor applies filtration only to a specific
continuous object that is isolated and is in motion”

15

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“wherein the system software is organized to identify specific optical
aberrations and to access the database to identify specific corrections to the
aberrations”

“wherein the digital signal processor selects a specific procedure to optimize
the image and corrects the aberrations”

“wherein a network of digital imaging sensors is linked together in a fixed
structure”

“wherein the network is coordinated to track specific objects that are within
its collective field of vision”

“wherein the network captures images of objects using the digital imaging
sensors”
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“wherein the individual digital imaging sensors forward the imaging data to a
central digital signal processor”

“wherein a data file is analyzed by the microprocessor to separate specific
objects in the image using the temporal differentiation of caching in which
successive images share geometric elements”

“wherein the digital signal processor applies filtration only to specific
continuous objects that are isolated and are in motion”

18

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“identifying specific optical aberrations and accessing a database to identify
specific corrections to the aberrations”

“applying digital filtration by using the application specific integrated circuit
and digital signal processor to correct digital or optical aberrations”

“applying a fast Fourier transform to a data file in order to satisfy a user
specified special effects function”

21

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“analyzing a data file by the microprocessor to separate specific objects it the
image using the differentiation of the depth-of-field”

“identifying specific optical aberrations and accessing a database to identify
specific corrections to the aberrations”

“applying digital filtration by using the application specific integrated circuit
and digital signal processor to correct digital or optical aberrations”

24

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“alternating the lens focal length of a zoom lens from specific fixed focal
length lens settings in a succession of steps”

10
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“identifying specific optical aberrations and accessing a database to identify
specific corrections to the aberrations”

“applying digital filtration by using the application specific integrated circuit
and digital signal processor to correct digital or optical aberrations™

“correcting optical aberrations with digital filtration to modify multiple
images from different focal lengths in a succession of data files”

26

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“identifying specific optical aberrations and accessing a database to identify
specific corrections to the aberrations”

“analyzing a data file by the microprocessor to separate specific objects in the
image”

“using the temporal differentiation of caching in which successive images
share geometric elements”

“applying filtration only to a specific continuous object that is isolated and is
in motion by using the digital signal processor”

30

“a database management system”

“wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and digital signal processor”

“linking a network of digital imaging sensors together in a fixed structure”

“coordinating the network to track specific objects that are within its
collective field of vision”

“forwarding the imaging data from individual digital imaging sensors to a
central digital signal processor”

“applying digital filtration by using the application specific integrated circuit
and digital signal processor to correct digital or optical aberrations™

“identifying specific optical aberrations and accessing a database to identify
specific corrections to the aberrations”

11
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“analyzing the data file by using the microprocessor to separate specific
objects in the image using the temporal differentiation of caching in which
successive images share geometric elements”

“applying filtration by the digital signal processor only to specific continuous
objects that are isolated and are in motion”

51. The controversy between the parties is sufficient to entitle PEAC to a declaratory
judgment pursuant to 28 USC § 2201 et seq. and Fed. R. Civ. P. 57 that PEAC has not infringed
any valid claim of the ‘805 Patent.

52. Accordingly, PEAC seeks a judgment declaring that the claims of the ‘805 Patent
are not infringed by any of the Accused Products.

Second Cause of Action
Declaratory Judgment of Non-Infringement of
U.S. Patent No. 8,451,339

53. PEAC repeats and incorporates by reference the allegations of paragraphs 1-46
above as if fully set forth herein.

54. There is an actual controversy between PEAC and OIT as to alleged infringement
of the ‘339 Patent.

55. None of the Accused Products infringe any of the claims of the ‘339 Patent.

56. For example, the Accused Products lack any element that corresponds to at least

the following limitations in the independent claims of the ‘339 Patent:

Claim No. Example Limitations Not Present in Accused Products
1 “a database management system”

“wherein a microprocessor uses system software to identify at least
one optical aberration by accessing the database”

6 “a database management system”

“wherein at least one optical and/or digital aberration in the image
file are identified by comparing image files in the database
management system by using the system software and the integrated
circuit”

14 “a database management system”

“wherein the microprocessor uses system software to access the
database to identify at least one optical aberration in the image file at
any focal length of a zoom lens configuration”

12
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57. The controversy between the parties is sufficient to entitle PEAC to a declaratory
judgment pursuant to 28 USC § 2201 ef seq. and Fed. R. Civ. P. 57 that PEAC has not infringed
any valid claim of the ‘339 Patent.

58.  Accordingly, PEAC seeks a judgment declaring that the claims of the ‘339 Patent
are not infringed by any of the Accused Products.

Third Cause of Action

Declaratory Judgment of Non-Infringement of
U.S. Patent No. 10,873,685

59. PEAC repeats and incorporates by reference the allegations of paragraphs 1-46
above as if fully set forth herein.

60. There is an actual controversy between PEAC and OIT as to alleged infringement
of the ‘685 Patent.

61. None of the Accused Products infringe any of the claims of the ‘685 Patent.

62. For example, the Accused Products lack any element that corresponds to at least

the following limitations in the independent claims of the ‘685 Patent:

Claim No. Example Limitations Not Present in Accused Products

1 “an integrated circuit including; a digital signal processor configured
to access a database management system including a plurality of
optical image aberration corrections”
6 “an integrated circuit including a digital signal processor configured
to access a database management system including a plurality of
optical image aberration corrections”
14 “an integrated circuit including a digital signal processor configured
to access a database management system including a plurality of
optical image aberration corrections”

63. The controversy between the parties is sufficient to entitle PEAC to a declaratory
judgment pursuant to 28 USC § 2201 ef seq. and Fed. R. Civ. P. 57 that PEAC has not infringed
any valid claim of the ‘685 Patent.

64. Accordingly, PEAC seeks a judgment declaring that the claims of the ‘685 Patent
are not infringed by any of the Accused Products.

Fourth Cause of Action
Declaratory Judgment of Non-Infringement of
U.S. Patent No. 10,877,266

65.  PEAC repeats and incorporates by reference the allegations of paragraphs 1-46

13
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above as if fully set forth herein.

66.  There is an actual controversy between PEAC and OIT as to alleged infringement
of the ‘266 Patent.

67.  None of the Accused Products infringe any of the claims of the ‘266 Patent.

68.  For example, the Accused Products lack any element that corresponds to at least

the following limitations in the independent claims of the ‘266 Patent:

Claim No. Example Limitations Not Present in Accused Products
1 “process image correction data stored in a database system”

“upgrade the digital camera with the updated software and image
correction data”

“wherein the in-camera software and database system are upgradable
to provide improved algorithms and correction data for correction of
images”’

22 “process image correction data stored in a database system”

“wherein the in-camera software and database system are upgradable
to provide improved algorithms and correction data for correction of
images”

69. The controversy between the parties is sufficient to entitle PEAC to a declaratory
judgment pursuant to 28 USC § 2201 ef seq. and Fed. R. Civ. P. 57 that PEAC has not infringed
any valid claim of the ‘266 Patent.

70.  Accordingly, PEAC seeks a judgment declaring that the claims of the ‘266 Patent
are not infringed by any of the Accused Products.

Demand for Jury Trial

71. Pursuant to Rule 38 of the Federal Rules of Civil Procedure and the Seventh

Amendment to the U.S. Constitution, PEAC demands a trial by jury of any and all issues triable

of right before a jury.
Prayer for Relief
WHEREFORE, Plaintiff PEAC prays for a judgment in its favor, including:
A. A declaration that each of the claims of the ‘805 Patent is not infringed;
B. A declaration that each of the claims of the ‘339 Patent is not infringed;
C. A declaration that each of the claims of the ‘685 Patent is not infringed;
14
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1 D. A declaration that each of the claims of the ‘266 Patent is not infringed;
2 A declaration that this case is an exceptional case pursuant to 35 U.S.C. § 285;
3 F An award of PEAC’s reasonable attorneys’ fees, costs and expenses under:
4 (1)35U.S.C. § 285;
5 (2) any other applicable California statutes or common law; and
6 G. Such other and further relief as the Court deems just and proper.
7
g Dated: April 25, 2024 Respectfully submitted,
9 WIGGIN AND DANA LLP
/s/ Joseph M. Casino
10 By: JOSEPH M. CASINO (Pro Hac Vice to be submitted)
11 Attorneys for Plaintiff
PANASONIC ENTERTAINMENT &
12 COMMUNICATION CO., LTD.
13
14 Dated: April 25, 2024 FUTTERMAN DUPREE DODD CROLEY MAIER LLP
/s/ Jamie L. Dupree
15 By: Jamie L. Dupree
16 Local Counsel for Plaintiff
PANASONIC ENTERTAINMENT &
17 COMMUNICATION CO., LTD.
18
19 I hereby attest that each of the other signatories to this document have concurred in the
20 || filing of this document.
21 || Dated: April 25, 2024 /s/ Jamie L. Dupree
Jamie L. Dupree
22
23
24
25
26
27
28
FUTTERMAN DUPREE
DobpD CROLEY
MAIER LLP 15
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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS
SHERMAN DIVISION

OPTIMUM IMAGING TECHNOLOGIES
LLC,

Plaintiff,
JURY TRIAL DEMANDED
V.

PANASONIC CORPORATION, CIVIL ACTION NO.

Defendant.

PLAINTIFE’S ORIGINAL COMPLAINT FOR PATENT INFRINGEMENT
Plaintiff Optimum Imaging Technologies LLC (“OIT” or “Plaintiff”) files this Complaint

in the Eastern District of Texas (the “District”) against Defendant Panasonic Corporation
(“Defendant” or “Panasonic”) for infringement of U.S. Patent Nos. 7,612,805 (the “’805 patent”),
8,451,339 (the “’339 patent™), 10,873,685 (the “’685 Patent™), and 10,877,266 (the “’266 patent™)
which are collectively referred to as the “Asserted Patents.”

THE PARTIES

1. Plaintiff OIT is a Texas limited liability company founded in 2009 and with an
address at 8701 Shoal Creek Blvd. #401, Austin, Texas 78757.

2. On information and belief, Defendant Panasonic is a corporation organized under
the laws of Japan, with its principal place of business located at Panasonic Tokyo Shiodome Bld.
1-5-1 Higashi Shimbashi, Minato-ku, Tokyo 105-8301, Japan. Panasonic may be served with

process via its registered agents and via its corporate officers.

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 1
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JURISDICTION AND VENUE

3. This action arises under the patent laws of the United States, namely 35 U.S.C. §§
271, 281, and 284-285, among others.

4. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and
1338(a).

5. On information and belief, Defendant is subject to this Court’s specific and general
personal jurisdiction pursuant to due process and/or the Texas Long Arm Statute, due at least to
its substantial business in this State and this District, including: (A) at least part of its infringing
activities alleged herein which purposefully avail the Defendant of the privilege of conducting those
activities in this state and this District and, thus, submits itself to the jurisdiction of this court; and
(B) regularly doing or soliciting business, engaging in other persistent conduct targeting residents
of Texas and this District, and/or deriving substantial revenue from infringing goods offered for
sale, sold, and imported and services provided to and targeting Texas residents and residents of this
District vicariously through and/or in concert with its alter egos, intermediaries, agents, distributors,
partners, subsidiaries, clients, customers, affiliates, and/or consumers.

6. Furthermore, upon information and belief, Defendant has purposefully and
voluntarily placed one or more infringing products into the stream of commerce with the
expectation that they will be purchased and/or used by residents of this judicial District, including
by directly and indirectly working with distributors, and other entities located in the State of Texas,
to ensure the accused products reach the State of Texas and this judicial District. For example,
Panasonic has a database of official Panasonic dealers and resellers on its website, including over
40 dealers in Texas and one or more in this District. See Find a Dealer, PANASONIC,

https://na.panasonic.com/us/dealers (last visited Aug. 28, 2023).

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 2
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7. Defendant also maintains commercial websites accessible to residents of the State
of Texas and this judicial District, through which Defendant promotes and facilitates sales of the
infringing products. For example, Panasonic’s website shop.panasonic.com is accessible to
consumers in the United States, including those in the State of Texas and this judicial District.
Panasonic not only supplies information about the Infringing Products at these sites, but also directs
consumers to websites and locations to purchase the Infringing Products. Panasonic sells the
Infringing Products through online stores such as Amazon.com, as well as brick-and-mortar stores
located in this judicial District, including but not limited to Best Buy.

8. Thus, Defendant has established minimum contacts with the State of Texas and the
exercise of jurisdiction would not offend traditional notions of fair play and substantial justice.

0. Venue is proper in this judicial district pursuant to 28 U.S.C. § 1391(b), (c) and
1400(b) because (i) Defendant has done and continues to do business in this district; (ii) Defendant
has committed and continues to commit acts of patent infringement in this district, including
making, using, offering to sell, and/or selling accused products in this district, and/or importing
accused products into this district, including by internet sales and sales via retail and wholesale
stores, and/or inducing others to commit acts of patent infringement in this district; and (iii)
Defendant is foreign entity. 28 U.S.C. § 1391(c)(3) provides that “a defendant not resident in the
United States may be sued in any judicial district.” See also Brunette Machine Works v. Kockum
Industries, Inc., 406 U.S. 706 (1972), holding that venue is proper pursuant to 28 U.S.C. §§ 1391

and 1400(b) when Defendant is a foreign entity.

FACTUAL ALLEGATIONS

10. Neal Solomon is the sole inventor of the Asserted Patents: the 805 Patent, titled

“Digital imaging system and methods for selective image filtration”; the *339 Patent, titled “Digital

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 3
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imaging system for correcting image aberrations”; the *685 Patent, titled “Digital imaging system
for correcting video image aberrations”; and the 266 Patent, titled “Digital camera with wireless
image transfer.” The Asserted Patents share a specification and a priority date at least as early as
July 11, 2006.

11.  OIT, a Texas limited liability company formed by Mr. Solomon in 2009, owns the
Asserted Patents.

12. The Asserted Patents are directed toward digital imaging systems and methods,
namely in-camera systems for filtering and correcting image aberrations or distortions. The systems
as claimed relate to a combination of hardware and software throughout the cameras. The Abstract
for the *339 patent, for example, states as follows:

A system is disclosed for the automated correction of optical and digital aberrations

in a digital imaging system. The system includes (a) digital filters, (b) hardware

modifications and (c) digital system corrections. The system solves numerous

problems in still and video photography that are presented in the digital imaging
environment.

13.  The Asserted Patents describe aberration correction systems and methods particular
to various types of lenses, a database system for useful access to those systems and methods, and
specially designed processors which operate those systems and methods to correct specifically
enumerated aberrations. The Asserted Patents describe a claimed combination of dedicated
elements and processes that were not, at the time of invention, well-understood, routine, or

conventional.

14.  An exemplary embodiment is shown in Figure 1 of each of the Asserted Patents:

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 4



CaSinde?3:24-0092616 ®dtiimdn dunfeled] 1 OFLIe(L B4/P84215 Bhde RagdIPEE: 5

120 1 o170 190
100 | Light Sensor [
I'/- e (Flash} DBMS
T — Mirrar 108
e e 160 -
P Y 175 Multifunctional
A Analysis Engine
Object - (ASIC)
Data —_— Lens Filter -r—
(Changes) B '\\ Microprocessor
160 193
110 150 Sensors
Shutter = 197
195
140 ,-"( DsP ,"r Storage
Camera
15.  Defendant imports, has imported, sells, has sold for sale and/or offers for sale in the

United States cameras and lenses (and components of the same) that are not made or licensed by
OIT and that infringe the Asserted Patents (“Infringing Products™).

16.  Panasonic markets its Infringing Products specifically extolling the functionality of
the Asserted Patents. As one example, Panasonic provides guides that explain to users and potential
customers that the Panasonic LUMIX S5M2 Full Frame Mirrorless Camera performs “Lens
Compensation” which corrects vignetting, color shading, and diffraction aberrations in photos and
videos taken with the LUMIX S5M2. LUMIX S5II Owner’s Manual, PANASONIC, at 323 (available
for download at https://help.na.panasonic.com/manuals/) The camera firmware that supports photo
shooting functions like Lens Compensation can be updated via download from Panasonic. See
Digital AV Support > Digital Camera > Download, PANASONIC,
https://av.jpn.support.panasonic.com/support/global/cs/dsc/download/index4.html  (last visited
Aug. 28, 2023).

17. On information and belief, all Panasonic digital cameras that include digital lens
aberration correction imported, sold, offered for sale or used in the United States within the statutory
period are Infringing Products, including but not limited to the following: Panasonic LUMIX S1,

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 5
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S1H, S1R, S5, S5M2, S5M2X, GH4, GHS, GHSS, GH5M2, G7, GH6, G9, GX9, G85, GX8S5, G935,
and G100. The model numbers listed in this complaint are exemplary and not exhaustive. These
cameras use both zoom and fixed focal lenses, and also have video capabilities.

COUNT I
(Infringement of the 805 Patent)

18.  Plaintiff incorporates and re-alleges the allegations contained in paragraphs 1
through 17 herein by reference.

19. The *805 Patent entitled “Digital imaging system and methods for selective image
filtration” was duly and legally issued by the U.S. Patent and Trademark Office on November 3,
2009, from Application No. 11/825/521, published at US2008/0174678 on July 24, 2008, claiming
priority to provisional application 60/807,065 filed on July 11, 2006. A true and accurate copy of
the 805 Patent is attached hereto as Exhibit A.

20.  Each and every claim of the 805 Patent is valid and enforceable, and each enjoys a
statutory presumption of validity under 35 U.S.C. § 282.

21. OIT exclusively owns all rights, title, and interest in and to the 805 Patent and
possesses the exclusive right of recovery, including the exclusive right to recover for past, present
and future infringement.as follows:

22.  Representative claims 1 and 9 are as follows:

23.  Claim 1 of the 805 Patent recites:

A digital imaging system for image filtration comprising:

a digital camera mechanism, an optical lens mechanism, a digital sensor, a
microprocessor, a digital signal processor, an application specific integrated
circuit, system software, a database management system and a memory
storage sub-system;

wherein the optical lens mechanism is a fixed focal length;

wherein the aberrations from the optical lens mechanism are corrected by applying
digital filtration by using the application specific integrated circuit and the
digital signal processor,

wherein the microprocessor is used to provide digital and optical data to the digital

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 6



CaSinde?3:24-0092616 ®dtiimdn dunteleril1 OFle(2 B4/P84 7 Bhge Page|PCE: 7

signal processor,

wherein the system software is organized to identify specific optical aberrations
and to access the database to identify specific corrections to the aberrations;

wherein the system software forwards the data from the digital sensor to the digital
processor;

wherein the digital signal processor selects a specific procedure to optimize the
image and corrects the aberrations;

wherein the data are forwarded from the digital sensor to the digital signal processor
by an application specific integrated circuit;

wherein the digital signal processor applies a fast Fourier transform to a data file in
order to satisfy a user specified special effects function;

wherein the digital signal processor modifies the data file by applying the special
effects function; and

wherein the modified data file consisting of the digital data optimized from the
aberrations that are corrected from the original optical image is stored in
memory.

24. Claim 9 of the 805 Patent recites:

A digital imaging system for image filtration comprising:

a digital camera mechanism, an optical lens mechanism, a digital sensor, a
microprocessor, a digital signal processor, an application specific integrated
circuit, system software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism are corrected by
applying digital filtration by using the application specific integrated circuit
and the digital signal processor;

wherein the microprocessor is used to provide digital and optical data to the
digital signal processor;

wherein the system software is organized to identify specific optical aberrations
and to access the database to identify specific corrections to the aberrations;

wherein the system software forwards the data from the digital sensor to the
digital processor;

wherein the digital signal processor selects a specific procedure to optimize the
image and corrects the aberrations;

wherein the lens type is a zoom lens;

wherein the lens focal length alternates from specific fixed focal length lens
settings in a succession of steps;

wherein optical aberrations are corrected with digital filtration to modify multiple
images from different focal lengths in a succession of data files; and

wherein the modified data file consisting of the digital data optimized from the
aberrations that are corrected from the original optical image is stored in
memory.

PLAINTIFF’S ORIGINAL COMPLAINT
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25.  Each Infringing Product is a digital camera that constitutes a digital imaging system
for image filtration comprising a digital camera mechanism, an optical lens mechanism, a digital
sensor, a microprocessor, a digital signal processor, an application specific integrated circuit,
system software, a database management system, and a memory storage sub-system. The cameras

require optical lens mechanisms to operate, as seen, for example, with the Panasonic LUMIX

S5M2:
TYPE
Type Digital Single Lens Mirrorless camera
Lens mount L-Mount

Source: LUMIX S51I Full Frame Mirrorless Camera DC-S5M2 — Specs, PANASONIC,
https://www.panasonic.com/uk/consumer/cameras-camcorders/lumix-mirrorless-cameras/lumix-
s-full-frame-cameras/dc-s5m2.html#specs (last visited Aug. 28, 2023)

26. On information and belief, each of the Infringing Products is further configured
wherein the aberrations from the optical lens mechanism are corrected by applying digital filtration

by using the application specific integrated circuit and the digital signal processor; wherein the

microprocessor is used to provide digital and optical data to the digital signal processor; wherein

PLAINTIFF’S ORIGINAL COMPLAINT
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the system software is organized to identify specific optical aberrations and to access the database
to identify specific corrections to the aberrations; wherein the system software forwards the data
from the digital sensor to the digital processor; wherein the digital signal processor selects a specific
procedure to optimize the image and corrects the aberrations; wherein the lens type is a zoom lens;
wherein the lens focal length alternates from specific fixed focal length lens settings in a succession
of steps; wherein optical aberrations are corrected with digital filtration to modify multiple images
from different focal lengths in a succession of data files; and wherein the modified data file
consisting of the digital data optimized from the aberrations that are corrected from the original
optical image is stored in memory.

27.  Each of the Infringing Products comprises an optical lens mechanism that can be a
zoom lens or a fixed focal length lens. As one example, the LUMIX S5M2 is used with a variety of
compatible zoom or fixed focal length lenses. According to Panasonic, the LUMIX S5M2 can be

used with lenses of both types:

Lenses

S-R1635 S-E2470 S-E70200 S-R70200
LUMIX S PRO 16-35mm F4 LUMIX S PRO 24-70mm F2.8 LUMIX S PRO 70-200mm F2.8 LUMIX S PRO 70-200mm F4
o.s. o.s.

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 9
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| TELEPHOTO | FIXED FOCAL
S-R70300 $-518 $-S24 $-$35
L-Mount 70-300mm Telephoto L-Mount 18mm Fixed Focal Length  L-Mount 24mm Fixed Focal Length ~ L-Mount 35mm Fixed Focal Length
Zoom Lens Lens Lens Lens

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M2 — Accessories, PANASONIC,
https://www.panasonic.com/uk/consumer/cameras-camcorders/lumix-mirrorless-cameras/lumix-
s-full-frame-cameras/dc-s5m2.html#accessory (last visited Aug. 28, 2023)

28.  The Infringing Products also comprise a digital sensor. For example, the LUMIX

S5M2 has a full-frame CMOS image sensor:

IMAGE SENSOR

Type 35mm full-frame (35.6mm x 23.8mm) CMOS sensor
Camera effective pixels / Total 24.20 megapixels / 25.28 megapixels

pixels

AR (Anti Reflection) coating Yes

Aspect ratio / Color filter 3:2 / Primary color filter

Dust reduction system Image sensor shift type

LUMIX S51I Full Frame Mirrorless Camera DC-S5M2 — Specs, PANASONIC.

29.  On information and belief, the Infringing Products also store and use database data
for lens aberration correction. For example, as discussed further below, the LUMIX S5M2 contains
photo shooting functionality that automatically corrects optical aberrations based on the lens being
used, which necessarily requires the use of database data stored on the LUMIX S5M2. Further, the
camera system software that supports shooting functions like Lens Compensation can be updated

via download from Panasonic. See Digital AV Support > Digital Camera > Download, PANASONIC,

PLAINTIFF’S ORIGINAL COMPLAINT
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https://av.jpn.support.panasonic.com/support/global/cs/dsc/download/index4.html  (last visited
Aug. 28, 2023).

30. On information and belief, Panasonic Infringing Products use at least one
application specific integrated circuit (ASIC) and a digital signal processor as well as a
microprocessor. For example, the LUMIX S5M2 contains an image processing engine (designed
under Panasonic’s L2 Technology Partnership with Leica) that implements this functionality. See
Jason Murray, L2 Technology partnership and L-Mount Alliance: Panasonic draws the line
between the two, MACFILOS, https://www.macfilos.com/2023/01/22/panasonic-draws-the-line-
between-the-1-mount-alliance-and-the-12-technology-partnership-12-technology-partnership-and-1-
mount-alliance-panasonic-draws-the-line-between-the-two/ (Jan. 22, 2023) Per Panasonic, the L2
Technology Partnership developed a new image processor for the LUMIX S5M2: “The combined
expertise of the two companies in image processing enables this technology to achieve high image
quality performance and high-speed arithmetic processing.” Id.

31. Additionally, many other Panasonic products, including Infringing Products, use

Panasonic’s Venus image processing engine. For example, the LUMIX S5 uses the Venus engine:

Venus Engine

The marriage of a CMOS sensor with the beautiful Venus Engine reproduces
extraordinary color detail and natural texture expression. Multipixel Luminance Generation
and Intelligent Detail Processing render intense brightness and contrast. The Three-
Dimensional Color Control zings with rich colors from dark to bright shades, and high-
precision Multi Process NR makes your images pop even at high ISO sensitivity settings.

Source: Outstanding Image Quality and Advanced Features, PANASONIC,
https://www.panasonic.com/mea/en/consumer/cameras-camcorders/lumix-s-full-frame-system-
learn/article/lumix-s5-special-features/outstanding-image-quality-and-advanced-features.html
(last visited Aug. 28, 2023).

PLAINTIFF’S ORIGINAL COMPLAINT
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32.  On information and belief, the Infringing Products include onboard software that
directs the digital signal processor to select a specific procedure to optimize the image and correct
aberrations wherein the lens focal length alternates from specific fixed focal length lens settings in
a succession of steps; wherein optical aberrations are corrected with digital filtration to modify
multiple images from different focal lengths in a succession of data files. For example, the LUMIX

S5M2 includes a “Lens Compensation” function that corrects multiple types of optical aberrations:

Lens Compensation

® [Vignetting Comp.]: 323
e [Color Shading Compensation]: 324
e [Diffraction Compensation]: 328

[Vignetting Comp.]
& | 8
PlA[S]M]a

When the screen periphery darkens as a result of the lens characteristics,
you can record pictures with the brightness of the screen periphery
corrected.

O 2 [O)[ =] [ €] Select [Vignetting Comp.]

Settings: [ON)J/[OFF]

Source: LUMIX S5II Owner’s Manual, PANASONIC, at 323 (available for download at
https://help.na.panasonic.com/manuals/).

Because the Lens Compensation functionality automatically corrects aberrations, it necessarily
corrects and modifies aberrations at different focal lengths based on the focal length chosen when
using the zoom lens. Additionally, the “Vignetting Comp.” Lens Compensation function is set to
“ON” by default. See id. at 751.

33. On information and belief, the system software in the Infringing Products forwards
data from the digital sensor to the digital processor. For example, Panasonic states that the LUMIX

S5 contains a “marriage of a CMOS sensor with the beautiful Venus Engine.” Outstanding Image

PLAINTIFF’S ORIGINAL COMPLAINT
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Quality and Advanced Features, PANASONIC. The data collected by the sensor must necessarily be
forwarded to the digital processor in order to process the image.

34. On information and belief, the Infringing Products apply a fast Fourier transform to
a data file in order to satisfy and apply user specified special effects functions.

35. On information and belief, the Infringing Products store in memory the modified
data file consisting of the digital data optimized from the original optical image that has had its
optical aberrations corrected. For example, the LUMIX S5M2 automatically records images to
memory cards based on the default card priority or the priority set by the user:

[Double Card Slot Function]

[Recording Method] EOIEE]
This sets the way recording to the card slots 1 and 2 is performed.

W [Relay Rec]: Selects the priority of card slots for recording.

[Destination Card Slot]: [[l-~RVIA~A!

Relays recording to the card in the other card slot after the first card runs out of free

space.

* You can assign the function that changes the card which is prioritized for recording
to an Fn button. (=»[Destination Card Slot]: 514)

@& [Backup Rec]: Records the same images to both cards simultaneously.

1?[Alloc:ation Rec]: Allows you to specify the card slot to be used for recording for
different image formats.
[JPEG Destination]/[[RAW Destination]/[Video Destination]

Source: LUMIX S511 Owner’s Manual at 574.

Menu Default setting 0
/K [setup]: |'_"| [Card/File]
[Card Format] —
[Double Card Slot | [Recording Method] L)) v v
Function] [Destination Card Siot] | (|-} v v
[Select Folder] —
g::tlt?:grslll:"e [Create a New Folder] —
[File Name Setting] [Folder Number Link] | v v
[File Number Reset] —
A [Artist] [OFF] v v
E:fz‘:r);]rﬁir:n] [Copyright Holder] [OFF] v

[Display Copyright Info.] | —

Id. at 767.
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36.  Defendant has been and is now directly infringing, literally and/or under the doctrine
of equivalents because without authority it makes, uses, offers to sell, sells, and/or imports within
the United States the patented invention of one or more claims, including at least claims 1 and 9 of
the *805 Patent. Defendant is therefore liable to OIT for patent infringement under 35 U.S.C. §
271(a).

37. Further, Defendant’s customers and end users who offer for sale, sell, and/or use the
Infringing Products directly infringe at least claims 1 and 9 of the 805 Patent.

38. Furthermore, Defendant has been and is now liable under 35 U.S.C. § 271(b) for
actively inducing infringement of one or more claims including at least claims 1 and 9 of the *805
patent. On information and belief, as set forth below, Panasonic has or should have had actual notice
of the ’805 Patent since at least 2014. Additionally, Panasonic has had actual notice of the *805
Patent since at least its receipt of OIT’s complaint. Despite such knowledge, Panasonic has intended
that its customers and end users infringe the 805 Patent by selling, offering for sale, importing,
and/or using the Infringing Products in the United States, and has actively induced such
infringement by instructing users in the United States to practice *805 patent claims in their user
manuals, posted videos and/or other materials with knowledge of the *805 patent as set forth in this
complaint and with knowledge of the ‘805 patent since at least the time Panasonic became aware
of the *805 Patent.

39. Further, Defendant has been and is now liable under 35 U.S.C. § 271(c) because it
offers to sell or sells within the United States or imports into the United States a component of a
machine patented by one or more claims including at least claims 1 and 9 of the 805 patent that

constitutes a material part of the invention, knowing the same to be especially made or especially

PLAINTIFF’S ORIGINAL COMPLAINT
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adapted for use in an infringement of such patent, and not a staple article or commodity of
commerce suitable for substantial noninfringing use.

40.  As aresult of Defendant’s infringement of the *805 Patent, OIT has suffered and
continues to suffer damages. Thus, OIT is entitled to recover from Defendant the damages OIT
sustained as a result of Panasonic’s wrongful and infringing acts in an amount no less than a
reasonable royalty, together with interest and costs fixed by this Court under 35 U.S.C. § 284.

41. OIT has suffered damage because of the infringing activities of Defendant, its
officers, agents, servants, employees, associates, partners, and other persons who are in active
concert or participation therewith, and OIT will continue to suffer irreparable harm for which there
is no adequate remedy at law unless Defendant’s infringing activities are preliminarily and
permanently enjoined by this Court.

42.  Defendant’s infringement of the 805 Patent was, is, and continues to be deliberate
and willful. The ‘805 Patent application was published on July 24, 2008, and the 805 Patent issued
on November 3, 2009. On information and belief, Panasonic has had actual notice of the disclosures
in the *805 Patent at least as early as December 17, 2014, the issue date of Panasonic’s Japanese
Patent, No. JP 5643153 B2. The patent family that includes the 805 Patent was cited by the
examiner during the prosecution of Panasonic’s Japanese Patent. Thus, Panasonic was informed of
the disclosures of the *805 Patent, but continued to infringe, nonetheless. Moreover, Panasonic was
and is on notice of the 805 Patent at least as early as the filing of the Complaint in this lawsuit, yet

continued and continues to infringe the 805 Patent.

COUNT I
(Infringement of the 339 Patent)

43.  Plaintiff incorporates and re-alleges the allegations contained in paragraphs 1

through 42 herein by reference.
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44. The ’339 Patent entitled “Digital imaging system for correcting image aberrations”
was duly and legally issued by the U.S. Patent and Trademark Office on May 28, 2013, from
Application No. 12/586,221, claiming priority to the ’805 Patent application as well as the
provisional application 60/807,065 filed on July 11, 2006. A true and accurate copy of the 339
Patent is attached hereto as Exhibit B.

45.  Each and every claim of the *339 Patent is valid and enforceable, and each enjoys a
statutory presumption of validity under 35 U.S.C. § 282.

46. OIT exclusively owns all rights, title, and interest in and to the *339 Patent and
possesses the exclusive right of recovery, including the exclusive right to recover for past, present
and future infringement.

47.  Representative claims 1 and 14 are as follows:

48.  Claim 1 of the 339 Patent recites:

A digital imaging system for correcting image aberrations comprising:

a digital camera mechanism, an optical lens mechanism, a digital sensor, a
microprocessor, a digital signal processor, system software, a database
management system and a memory storage sub-system;

wherein the optical lens mechanism is a fixed focal length lens;

wherein a microprocessor uses system software to identify at least one optical
aberration by accessing the database;

wherein the microprocessor uses the database to identify at least one algorithm to
use to correct the at least one optical aberration;

wherein when the image file is captured by the digital sensor the digital file is
forwarded to the digital signal processor;

wherein the image file with at least one optical aberration is corrected by applying
digital filtration by using at least one algorithm in the digital signal
processor; and

wherein the modified digital file consisting of the digital data optimized from the
at least one optical aberration that are corrected from the original optical
image is stored in memory.

49. Claim 14 of the ’339 Patent recites:

A digital imaging system for correcting image aberrations comprising:
a digital camera mechanism, an optical lens mechanism, a digital sensor, a
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microprocessor, a digital signal processor, system software, a database
management system and a memory storage sub-system;

wherein the optical lens mechanism is a zoom lens;

wherein the zoom lens changes focal length positions;

wherein when the image file is captured by the digital sensor the file is forwarded
to the digital signal processor and to memory;

wherein the microprocessor uses system software to access the database to identify
at least one optical aberration in the image file at any focal length of a zoom
lens configuration;

wherein the microprocessor accesses the database to obtain at least one filtration
correction algorithm to the optical aberrations and forwards the at least one
filtration algorithms to the digital signal processor;

wherein the image file is forwarded to the digital signal processor which applies at
least one filtration algorithm to optimize the image and corrects the at least
one optical aberration at the specific focal length in the zoom lens
configuration; and

wherein the modified image file consisting of the digital data optimized from the at
least one optical aberration of a specific focal length of the zoom lens that
are corrected from the original optical image is stored in memory.

50.  Each Infringing Product is a digital camera that constitutes a digital imaging system
for correcting image aberrations comprising a digital camera mechanism, an optical lens
mechanism, a digital sensor, a microprocessor, a digital signal processor, an application specific
integrated circuit, system software, a database management system and a memory storage sub-
system. The cameras require optical lens mechanisms to operate, as seen, for example, with the

Panasonic LUMIX S5M2:
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TYPE
Type Digital Single Lens Mirrorless camera
Lens mount L-Mount

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M?2 — Specs, PANASONIC.

51. On information and belief, each of the Infringing Products further includes a
database management system and memory storage sub-system; wherein the microprocessor uses
system software to identify at least one optical aberration by accessing the database; wherein the
microprocessor uses system software to identify at least one algorithm to use to correct the at least
one optical aberration; wherein when the image file is captured by the digital sensor the digital file
is forwarded to the digital signal processor; wherein the image file with at least one optical
aberration is corrected by applying digital filtration by using at least one algorithm in the digital
signal processor; and wherein the modified digital file consisting of the digital data optimized from
the at least one optical aberration that are corrected from the original optical image is stored in

memory.
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52.  On information and belief, each of the Infringing Products also comprises a fixed
focal length lens or a zoom lens. As one example, the LUMIX S5M2 is used with a variety of
compatible zoom or fixed focal length lenses. According to Panasonic, the LUMIX S5M2 can be

used with lenses of both types:

Lenses

S-R1635 S-E2470 S-E70200 S-R70200
LUMIX S PRO 16-35mm F4 LUMIX S PRO 24-70mm F2.8 LUMIX S PRO 70-200mm F2.8 LUMIX S PRO 70-200mm F4
O.l.S. (OARSH
[ TELEPHOTO FIKED FOCAL FIKED FOCAL
S-R70300 $-518 $-524 $-$35
L-Mount 70-300mm Telephoto L-Mount 18mm Fixed Focal Length ~ L-Mount 24mm Fixed Focal Length  L-Mount 35mm Fixed Focal Length
Zoom Lens Lens Lens Lens

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M?2 — Accessories, PANASONIC.
53. The Infringing Products also comprise a digital sensor. For example, the LUMIX

S5M2 has a full-frame CMOS image sensor:
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IMAGE SENSOR

Type 35mm full-frame (35.6mm x 23.8mm) CMOS sensor
Camera effective pixels / Total 24.20 megapixels / 25.28 megapixels

pixels

AR (Anti Reflection) coating Yes

Aspect ratio / Color filter 3:2 / Primary color filter

Dust reduction system Image sensor shift type

LUMIX S511 Full Frame Mirrorless Camera DC-S5M2 — Specs, PANASONIC.

54. On information and belief, Panasonic Infringing Products comprise an integrated
circuit, a digital signal processor, and a microprocessor. For example, the LUMIX S5M2 contains
an image processing engine (designed under Panasonic’s L2 Technology Partnership with Leica)
that implements this functionality. See Jason Murray, L2 Technology partnership and L-Mount
Alliance: Panasonic draws the line between the two, MACFILOS. Per Panasonic, the L2 Technology
Partnership developed a new image processor for the LUMIX S5M2: “The combined expertise of
the two companies in image processing enables this technology to achieve high image quality
performance and high-speed arithmetic processing.” Id.

55. Additionally, many other Panasonic products, including Infringing Products, use

Panasonic’s Venus image processing engine. For example, the LUMIX S5 uses the Venus engine:

Venus Engine

The marriage of a CMOS sensor with the beautiful Venus Engine reproduces
extraordinary color detail and natural texture expression. Multipixel Luminance Generation
and Intelligent Detail Processing render intense brightness and contrast. The Three-
Dimensional Color Control zings with rich colors from dark to bright shades, and high-
precision Multi Process NR makes your images pop even at high ISO sensitivity settings.

Source: Outstanding Image Quality and Advanced Features, PANASONIC.
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56.  Panasonic Infringing Products comprise system software. For example, as discussed
below, the LUMIX S5M2 contains “Lens Compensation” software for correcting optical
aberrations.

57. On information and belief, the Infringing Products also comprise a database
management system. For example, as discussed further below, the LUMIX S5M2 contains photo
shooting functionality that automatically corrects optical aberrations based on the lens being used,
which necessarily requires managing database data stored on the LUMIX S5M2. Further, the
camera system software and associated database that supports shooting functions like Lens
Compensation can be updated via download from Panasonic. See Digital AV Support > Digital
Camera > Download, PANASONIC.

58.  Panasonic Infringing Products also comprise a memory storage subsystem. For
example, as discussed below, the LUMIX S5M2 uses memory cards to which photos and videos
are automatically recorded.

59. On information and belief, the Infringing Products utilize a microprocessor that uses
system software to identify at least one optical aberration by accessing the database and uses the
database to identify at least one algorithm to use to correct the at least one optical aberration.
Further, on information and belief, the Infringing Products correct image files with optical
aberrations by applying digital filtration by using at least one algorithm in the digital signal
processor. For example, the LUMIX S5M2 includes a “Lens Compensation” function that corrects

multiple types of optical aberrations:
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Lens Compensation

® [Vignetting Comp.]: 323
® [Color Shading Compensation]: 324
e [Diffraction Compensation]: 328

[Vignetting Comp.]
L& | &
PlA[S]M]av

When the screen periphery darkens as a result of the lens characteristics,
you can record pictures with the brightness of the screen periphery
corrected.

O 2 [O)[=]* [&]= Select [Vignetting Comp.]
Settings: [ON}/[OFF]
Source: LUMIX S5I1 Owner’s Manual at 323.
In order to automatically compensate for these optical aberrations, the LUMIX S5M2 must
necessarily use system software to access a database of lens data on the camera. Additionally, the
“Vignetting Comp.” Lens Compensation function is set to “ON” by default. See id. at 751.

60. On information and belief, in the Infringing Products, when an image file is captured
by the digital sensor the digital file is forwarded to the digital signal processor. For example,
Panasonic states that the LUMIX S5 contains a “marriage of a CMOS sensor with the beautiful
Venus Engine.” OQutstanding Image Quality and Advanced Features, PANASONIC. The data
collected by the sensor must necessarily be forwarded to the digital processor in order to process
the image.

61. On information and belief, the Infringing Products store in memory the modified
digital file consisting of the digital data optimized from the original optical image that has had its
optical aberrations corrected. For example, the LUMIX S5M2 automatically records images to

memory cards based on the default card priority or the priority set by the user:
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[Double Card Slot Function]

[Recording Method] | MR/ [B]/[R]
This sets the way recording to the card slots 1 and 2 is performed.

W [Relay Rec]: Selects the priority of card slots for recording.

[Destination Card Slot]: [[l-~RVIA~A!

Relays recording to the card in the other card slot after the first card runs out of free

space.

* You can assign the function that changes the card which is prioritized for recording
to an Fn button. (=[Destination Card Slot]: 514)

@ [Backup Rec]: Records the same images to both cards simultaneously.

1? [Allocation Rec]: Allows you to specify the card slot to be used for recording for
different image formats.
[JPEG Destination]/[[RAW Destination]/[Video Destination]

Source: LUMIX S511 Owner’s Manual at 574.

Menu Default setting E
/K [setup]: |'_“| [Card/File]
[Card Format] .
[Double Card Slot | [Recording Method] [ v v
Function] [Destination Card Siot] | [[f]=R! v v
[Select Folder] .
[Folder / File
Settings] [Create a New Folder] —
[File Name Setting] [Folder Number Link] | v v
[File Number Reset] -
[Artist] [OFF] v
[Copyright ,
Information] [Copyright Holder] [OFF] v v
[Display Copyright Info.] | —
Id. at 767.
62.  Defendant has been and is now directly infringing, literally and/or under the doctrine

of equivalents because without authority it makes, uses, offers to sell, sells, and/or imports within
the United States the patented invention of one or more claims, including at least claims 1 and 14
of the ’339 Patent. Defendant is therefore liable to OIT for patent infringement under 35 U.S.C. §
271(a).

63. Further, Defendant’s customers and end users who offer for sale, sell, and/or use the

Infringing Products directly infringe at least claims 1 and 14 of the *339 Patent.
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64.  Furthermore, Defendant has been and is now liable under 35 U.S.C. § 271(b) for
actively inducing infringement of one or more claims including at least claims 1 and 14 of the *339
patent. On information and belief, as set forth below, Panasonic has or should have had actual notice
of the disclosures in the *339 Patent since at least 2014. Additionally, Panasonic has had actual
notice of the *339 Patent since at least its receipt of OIT’s complaint. Despite such knowledge,
Panasonic has intended that its customers and end users infringe the *339 Patent by selling, offering
for sale, importing, and/or using the Infringing Products in the United States, and has actively
induced such infringement by instructing users in the United States to practice *339 patent claims
in their user manuals, posted videos and/or other materials with knowledge of the *339 patent as set
forth in this complaint and with knowledge of the 339 patent since at least the time Panasonic
became aware of the disclosures of *339 Patent.

65.  Further, Defendant has been and is now liable under 35 U.S.C. § 271(c) because it
offers to sell or sells within the United States or imports into the United States a component of a
machine patented by one or more claims of the 339 Patent as set forth above that constitutes a
material part of the invention, knowing the same to be especially made or especially adapted for
use in an infringement of such patent, and not a staple article or commodity of commerce suitable
for substantial noninfringing use.

66.  As aresult of Defendant’s infringement of the *339 Patent, OIT has suffered and
continues to suffer damages. Thus, OIT is entitled to recover from Defendant the damages OIT
sustained as a result of Panasonic’s wrongful and infringing acts in an amount no less than a
reasonable royalty, together with interest and costs fixed by this Court under 35 U.S.C. § 284.

67.  OIT has suffered damage because of the infringing activities of Defendant, its

officers, agents, servants, employees, associates, partners, and other persons who are in active
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concert or participation therewith, and OIT will continue to suffer irreparable harm for which there
is no adequate remedy at law unless this Court preliminarily and permanently enjoins Defendant’s
infringing activities.

68. Defendant’s infringement of the 339 Patent was, is, and continues to be deliberate
and willful. The 805 Patent application with the same specification as the ’339 patent was
published on July 24, 2008, and the related ’805 Patent issued on November 3, 2009. On
information and belief, Panasonic has had actual notice of the disclosures in the 339 Patent at least
as early as December 17, 2014, the issue date of Panasonic’s Japanese Patent, No. JP 5643153 B2.
The patent family that includes the 805 Patent was cited by the examiner during the prosecution of
Panasonic’s Japanese Patent. Thus, Panasonic was informed of the disclosures of the *339 Patent,
but continued to infringe, nonetheless. Moreover, Panasonic was and is on notice of the disclosures
in the *339 Patent at least as early as the filing of the Complaint in this lawsuit, yet Defendant

continued and continues to infringe the *339 Patent.

COUNT 11T
(Infringement of the ’685 Patent)

69.  Plaintiff incorporates and re-alleges the allegations contained in paragraphs 1
through 68 herein by reference.

70. The 685 Patent entitled “Digital imaging system for correcting video image
aberrations” was duly and legally issued by the U.S. Patent and Trademark Office on December 22,
2020, from Application No. 13/691,805, claiming priority to the 805 Patent application as well as
the provisional application 60/807,065 filed on July 11, 2006. A true and accurate copy of the 685
Patent is attached hereto as Exhibit C.

71.  Each and every claim of the 685 Patent is valid and enforceable, and each enjoys a

statutory presumption of validity under 35 U.S.C. § 282.
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72. OIT exclusively owns all rights, title, and interest in and to the 685 Patent and
possesses the exclusive right of recovery, including the exclusive right to recover for past, present
and future infringement.

73.  Representative claim 1 of the *685 Patent recites:

A digital imaging system for correcting optical image aberrations in a digital video,
comprising:

a digital video camera including in-camera software, an optical lens
mechanism, at least one digital sensor for capturing the digital video, an
integrated circuit including; a digital signal processor configured to access
a database management system including a plurality of optical image
aberration corrections, and a memory storage sub-system;

wherein the optical lens mechanism is a zoom lens or a fixed focal length lens;

wherein the integrated circuit uses the in-camera software to identify at least one
optical image aberration and to correct the at least one optical image
aberration in at least one frame of the digital video using at least one of the
plurality of optical image aberration corrections in the database;

wherein the video is captured by the at least one digital sensor and is forwarded to
the digital signal processor;

wherein the video image file with the at least one optical image aberration is
corrected by applying digital filtration using the digital signal processor;
and

wherein the corrected video consisting of the digital data optimized from the at
least one optical image aberration that are corrected from the original video
image is stored in the memory storage sub-system.

74.  Each Infringing Product is a digital camera that constitutes a digital imaging system
for correcting image aberrations comprising a digital video camera including in-camera software,
an optical lens mechanism, at least one digital sensor for capturing the digital video, an integrated
circuit, a digital signal processor configured to access a database management system including a
plurality of optical image aberration corrections, and a memory storage sub-system. The cameras

require optical lens mechanisms to operate, as seen, for example, with the LUMIX S5M2:
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TYPE
Type Digital Single Lens Mirrorless camera
Lens mount L-Mount
MOTION PICTURE
Recording file format MOV: H.264/MPEG-4 AVC, H.265/HEVC
MP4: H.264/MPEG-4 AVC, H.265/HEVC
Audio format MOV: LPCM (2ch 48kHz/24-bit, 96kHz/24-bit*) (4ch 48kHz/24-bit**, 96kHz/24-bit**)

MP4: AAC (2ch 48kHz/16-bit)
*When attaching ®3.5mm microphone or DMW-XLR1 (sold separately). **When attaching DMW-XLR1 (sold
separately).

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M?2 — Specs, PANASONIC.

75. On information and belief, each of the Infringing Products is further configured such
that: the optical lens mechanism is a zoom lens or a fixed focal length lens; the integrated circuit
uses the in-camera software to identify at least one optical image aberration and to correct the at
least one optical image aberration in at least one frame of the digital video using at least one of the
plurality of optical image aberration corrections in the database; the video is captured by the at least

one digital sensor and is forwarded to the digital signal processor; the video image file with the at
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least one optical image aberration is corrected by applying digital filtration using the digital signal
processor; and the corrected video consisting of the digital data optimized from the at least one
optical image aberration that is corrected from the original video image is stored in the memory
storage sub-system.

76.  Each of the Infringing Products comprises an optical lens mechanism that is a zoom
lens or a fixed focal length lens. As one example, the LUMIX S5M2 is used with a variety of
compatible zoom or fixed focal length lenses. According to Panasonic, the LUMIX S5M2 can be

used with lenses of both types:

Lenses
S-R1635 S-E2470 S-E70200 S-R70200
LUMIX S PRO 16-35mm F4 LUMIX S PRO 24-70mm F2.8 LUMIX S PRO 70-200mm F2.8 LUMIX S PRO 70-200mm F4
O.l.S. (OARSH

FIKED FOCAL FIXED FOCAL
S-R70300 S-518 S-524 S$-S35
L-Mount 70-300mm Telephoto L-Mount 18mm Fixed Focal Length  L-Mount 24mm Fixed Focal Length  L-Mount 35mm Fixed Focal Length
Zoom Lens Lens Lens Lens

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M?2 — Accessories, PANASONIC.
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77. The Infringing Products also comprise in-camera software. For example, as
discussed below, the LUMIX S5M2 contains “Lens Compensation” software for correcting optical
aberrations.

78. The Infringing Products also include digital sensors. For example, the LUMIX

S5M2 has a full-frame CMOS image sensor:

IMAGE SENSOR

Type 35mm full-frame (35.6mm x 23.8mm) CMOS sensor
Camera effective pixels / Total 24.20 megapixels / 25.28 megapixels

pixels

AR (Anti Reflection) coating Yes

Aspect ratio / Color filter 3:2 / Primary color filter

Dust reduction system Image sensor shift type

LUMIX S511 Full Frame Mirrorless Camera DC-S5M2 — Specs, PANASONIC.

79. On information and belief, Panasonic Infringing Products use an integrated circuit
(ASIC) and a digital signal processor. For example, the LUMIX S5M2 contains an image
processing engine (designed under Panasonic’s L2 Technology Partnership with Leica) that
implements this functionality. See Jason Murray, L2 Technology partnership and L-Mount
Alliance: Panasonic draws the line between the two, MACFILOS. Per Panasonic, the L2 Technology
Partnership developed a new image processor for the LUMIX S5M2: “The combined expertise of
the two companies in image processing enables this technology to achieve high image quality
performance and high-speed arithmetic processing.” Id.

80.  Additionally, many other Panasonic products, including Infringing Products, use

Panasonic’s Venus image processing engine. For example, the LUMIX S5 uses the Venus engine:
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Venus Engine

The marriage of a CMOS sensor with the beautiful Venus Engine reproduces
extraordinary color detail and natural texture expression. Multipixel Luminance Generation
and Intelligent Detail Processing render intense brightness and contrast. The Three-
Dimensional Color Control zings with rich colors from dark to bright shades, and high-
precision Multi Process NR makes your images pop even at high ISO sensitivity settings.

Source: Outstanding Image Quality and Advanced Features, PANASONIC.

81.  The digital signal processor in each of the Infringing Products is also configured to
access a database management system of optical image aberration corrections. For example, as
discussed further below, the LUMIX S5M2 contains photo shooting functionality that automatically
corrects optical aberrations based on the lens being used, which necessarily requires managing
database data stored on the LUMIX S5M2. Further, the camera system software and associated
database that supports shooting functions like Lens Compensation can be updated via download
from Panasonic. See Digital AV Support > Digital Camera > Download, PANASONIC.

82. The Infringing Products also use the in-camera software to identify and correct
optical image aberrations in frames of digital videos. For example, the LUMIX S5M2 includes a
“Lens Compensation” function that corrects multiple types of optical aberrations in both photos and

videos:

PLAINTIFF’S ORIGINAL COMPLAINT
FOR PATENT INFRINGEMENT 30



Cas€4s233c24009224 6BHdumeriddcuRieat 10/ FIEB 0425231 Bhde RAgdIPEE: 31

Lens Compensation
® [Vignetting Comp.]: 323

® [Color Shading Compensation]: 324
e [Diffraction Compensation]: 328

[Vignetting Comp.]
L& | &
PlA[S]M]av

When the screen periphery darkens as a result of the lens characteristics,
you can record pictures with the brightness of the screen periphery
corrected.

O 2 [O)[=]* [&]= Select [Vignetting Comp.]
Settings: [ON}/[OFF]
Source: LUMIX S5II Owner’s Manual at 323.
Additionally, the “Vignetting Comp.” Lens Compensation function is set to “ON” by default. See
id. at 751.

83.  Defendant has been and is now directly infringing, literally and/or under the doctrine
of equivalents because without authority it makes, uses, offers to sell, sells, and/or imports within
the United States the patented invention of one or more claims, including at least claim 1 of the
’685 Patent. Defendant is therefore liable to OIT for patent infringement under 35 U.S.C. § 271(a).

84. Further, Defendant’s customers and end users who offer for sale, sell, and/or use the
Infringing Products directly infringe at least claim 1 of the *685 Patent.

85.  Furthermore, Defendant has been and is now liable under 35 U.S.C. § 271(b) for
actively inducing infringement of one or more claims including at least claim 1 of the 685 patent.
On information and belief, as set forth below, Panasonic has or should have had actual notice of the
disclosures in the *685 Patent since at least 2014. Additionally, Panasonic has had actual notice of

the 685 Patent since at least its receipt of OI'T’s complaint. Despite such knowledge, Panasonic has
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intended that its customers and end users infringe the 685 Patent by selling, offering for sale,
importing, and/or using the Infringing Products in the United States, and has actively induced such
infringement by instructing users in the United States to practice *685 patent claims in their user
manuals, posted videos and/or other materials with knowledge of the 685 patent as set forth in this
complaint and with knowledge of the *685 patent since at least the time Panasonic became aware
of the *685 Patent.

86. Further, Defendant has been and is now liable under 35 U.S.C. § 271(c) because it
offers to sell or sells within the United States or imports into the United States a component of a
machine patented by one or more claims of the 685 Patent as set forth above that constitutes a
material part of the invention, knowing the same to be especially made or especially adapted for
use in an infringement of such patent, and not a staple article or commodity of commerce suitable
for substantial noninfringing use.

87.  As a result of Defendant’s infringement of the 685 Patent, OIT has suffered and
continues to suffer damages. Thus, OIT is entitled to recover from Defendant the damages OIT
sustained as a result of Panasonic’s wrongful and infringing acts in an amount no less than a
reasonable royalty, together with interest and costs fixed by this Court under 35 U.S.C. § 284.

88.  OIT has suffered damage because of the infringing activities of Defendant, its
officers, agents, servants, employees, associates, partners, and other persons who are in active
concert or participation therewith, and OIT will continue to suffer irreparable harm for which there
is no adequate remedy at law unless this Court preliminarily and permanently enjoins Defendant’s
infringing activities.

89.  Defendant’s infringement of the *685 Patent was, is, and continues to be deliberate

and willful. The 805 Patent application with the same specification as the 685 patent was
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published on July 24, 2008, and the related ’805 Patent issued on November 3, 2009. On
information and belief, Panasonic has had actual notice of the disclosures in the 685 Patent at least
as early as December 17, 2014, the issue date of Panasonic’s Japanese Patent, No. JP 5643153 B2.
The patent family that includes the 805 Patent was cited by the examiner during the prosecution of
Panasonic’s Japanese Patent. Thus, Panasonic was informed of the disclosures of the *685 Patent,
but continued to infringe, nonetheless. Moreover, Panasonic was and is on notice of the 685 Patent
at least as early as the filing of the Complaint in this lawsuit, yet Defendant continued and continues

to infringe the 685 Patent.

COUNT IV
(Infringement of the 266 Patent)

90.  Plaintiff incorporates and re-alleges the allegations contained in paragraphs 1
through 89 herein by reference.

91. The °266 Patent entitled “Digital camera with wireless image transfer” was duly and
legally issued by the U.S. Patent and Trademark Office on December 29, 2020, from Application
No. 16/692,972, claiming priority to the ’805 Patent application as well as the provisional
application 60/807,065 filed on July 11, 2006. A true and accurate copy of the 266 Patent is
attached hereto as Exhibit D.

92.  Each and every claim of the *266 Patent is valid and enforceable, and each enjoys a
statutory presumption of validity under 35 U.S.C. § 282.

93. OIT exclusively owns all rights, title, and interest in and to the 266 Patent and
possesses the exclusive right of recovery, including the exclusive right to recover for past, present
and future infringement.

94.  Representative claim 1 of the *266 Patent recites:

A method of processing one or more images with a digital camera, comprising:
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digitally processing at least one captured image, the processing using in-camera
hardware and software that is configured to:
perform a plurality of image correction algorithms,
process image correction data stored in a database system,
receive updated software and image correction data, and
upgrade the digital camera with the updated software and image correction
data;
storing in memory one or more corrected images resulting from digitally
processing the at least one captured image; and
wirelessly transmitting at least one of the one or more corrected images,
wherein the in-camera software and database system are upgradable to provide
improved algorithms and correction data for correction of images.

95.  Each Infringing Product is a digital camera that is configured to process one or more

images as seen, for example, Panasonic LUMIX S5M2:

TYPE
Type Digital Single Lens Mirrorless camera
Lens mount L-Mount

Source: LUMIX S511 Full Frame Mirrorless Camera DC-S5M?2 — Specs, PANASONIC.
96. On information and belief, each of the Infringing Products is further configured to

digitally process at least one captured image, the processing using in-camera hardware and software
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that is configured to perform a plurality of image correction algorithms, process image correction
data stored in a database system, receive updated software and image correction data, and upgrade
the digital camera with the updated software and image correction data.

97. On information and belief, each of the Infringing Products is further configured to
store in memory one or more corrected images resulting from digitally processing the at least one
captured image and wirelessly transmit at least one or more corrected images. On information and
belief, each of the Infringing Products is also further configured such that the in-camera software
and database system are upgradable to provide improved algorithms and correction data for
correction of images.

98. The Infringing Products contain in-camera hardware and software for image

processing. For example, the LUMIX S5M2 has a full-frame CMOS image sensor:

IMAGE SENSOR

Type 35mm full-frame (35.6mm x 23.8mm) CMOS sensor
Camera effective pixels / Total 24.20 megapixels / 25.28 megapixels

pixels

AR (Anti Reflection) coating Yes

Aspect ratio / Color filter 3:2/ Primary color filter

Dust reduction system Image sensor shift type

LUMIX S511 Full Frame Mirrorless Camera DC-S5M2 — Specs, PANASONIC.
The LUMIX S5M2 also contains an image processing engine (designed under Panasonic’s L2
Technology Partnership with Leica) that implements this functionality. See Jason Murray, L2
Technology partnership and L-Mount Alliance: Panasonic draws the line between the two,
MACFILOS. Per Panasonic, the L2 Technology Partnership developed a new image processor for

the LUMIX S5M2: “The combined expertise of the two companies in image processing enables
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this technology to achieve high image quality performance and high-speed arithmetic processing.”
1d.
99.  Additionally, many other Panasonic products, including Infringing Products, use

Panasonic’s Venus image processing engine. For example, the LUMIX S5 uses the Venus engine:

Venus Engine

The marriage of a CMOS sensor with the beautiful Venus Engine reproduces
extraordinary color detail and natural texture expression. Multipixel Luminance Generation
and Intelligent Detail Processing render intense brightness and contrast. The Three-
Dimensional Color Control zings with rich colors from dark to bright shades, and high-
precision Multi Process NR makes your images pop even at high ISO sensitivity settings.

Source: Outstanding Image Quality and Advanced Features, PANASONIC.
100. The hardware and software components of the Infringing Products also perform a
plurality of image correction algorithms. For example, the LUMIX S5M2 includes a “Lens

Compensation” function that corrects multiple types of optical aberrations:

Lens Compensation

® [Vignetting Comp.]: 323
® [Color Shading Compensation]: 324
e [Diffraction Compensation]: 328

[Vignetting Comp.]
& ] &
PlAlS]M]a

When the screen periphery darkens as a result of the lens characteristics,
you can record pictures with the brightness of the screen periphery
corrected.

@ » (O[] [ €] Select [Vignetting Comp.]

Settings: [ONJ/[OFF]

Source: LUMIX S511 Owner’s Manual at 323.
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Additionally, the “Vignetting Comp.” Lens Compensation function is set to “ON” by default. See
id. at 751.

101. Panasonic Infringing Products also store and use database data for lens aberration
correction. For example, as discussed further above, the LUMIX S5M2 contains photo shooting
functionality that automatically corrects optical aberrations based on the lens being used, which
necessarily requires managing database data stored on the LUMIX S5M2. Further, the camera
system software and associated database that supports shooting functions like Lens Compensation
can be updated via download from Panasonic. See Digital AV Support > Digital Camera >
Download, PANASONIC.

102. The Infringing Products also store the corrected images in memory. For example,
the LUMIX S5M2 automatically records images to memory cards based on the default card priority
or the priority set by the user:

[Double Card Slot Function]

[Recording Method] | P[]/ [B]/[F]
This sets the way recording to the card slots 1 and 2 is performed.

W [Relay Rec]: Selects the priority of card slots for recording.

[Destination Card Slot]: [[}-RVIRA~R!

Relays recording to the card in the other card slot after the first card runs out of free

space.

* You can assign the function that changes the card which is prioritized for recording
to an Fn button. (=[Destination Card Slot]: 514)

@B [Backup Rec]: Records the same images to both cards simultaneously.

F[Allocation Rec]: Allows you to specify the card slot to be used for recording for
different image formats.
[JPEG Destination]/[[RAW Destination]/[Video Destination]

Source: LUMIX S511 Owner’s Manual at 574.
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Menu Default setting u
/K [setup]: |j [Card/File]
[Card Format] —
[Double Card Slot | [Recording Method] (]
Function] [Destination Card Siot] | [[f]=R!
[Select Folder] —
g::tlt?r:s/]ﬁle [Create a New Folder] —
[File Name Setting] [Folder Number Link] v v
[File Number Reset] —
_ [Artist] [OFF]
f:f‘:gg::n] [Copyright Holder] [OFF]
[Display Copyright Info.] | —
Id. at 767.

103.  The Infringing Products are also configured to wirelessly transmit the corrected

images. For example, the LUMIX S5M2 can connect to smartphones and tablets via Wi-Fi and

Bluetooth:

IWi-Fi / Bluetooth

This chapter explains the Wi-Fi® and Bluetooth® functions of the camera.
* This document refers to both smartphones and tablets as smartphones.

® Connecting to a Smartphone: 612

® Operating the Camera with a Smartphone: 628
® Sending Images from the Camera to a PC: 645
® Wi-Fi Connections: 649

e Send Settings and Selecting Images: 659

® [Wi-Fi Setup] Menu: 661

++ Checking operation of the Wi-Fi and Bluetooth functions

Light (blue) Monitor Operation
= The Wi-Fi function is set to on, or there is a
) O connection.
it The Bluetooth function is set to on, or there
9 is a connection.
Blinking d \;Vhen Fmage data is sent using a camera
peration.

Source: LUMIX S511 Owner’s Manual at 610.

104. The LUMIX S5M2 can then wirelessly send images to a connected device:
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Sending Images on the Camera to a Smartphone

with Simple Operations

You can transfer pictures to a smartphone connected by Bluetooth just by

pressing [Q] during playback.

You can also use the menu to connect easily.

* You can also perform the same operation by pressing the Fn button registered with
[Send Image (Smartphone)]. (= Fn Buttons: 503)

Getting started:

« Install “LUMIX Sync” on your smartphone. (= Installing “LUMIX Sync™: 613)

* Connect the camera to a smartphone by Bluetooth. (= Connecting to a Smartphone
(Bluetooth Connection): 614)

* Press [@] on the camera to display the playback screen.

Send a single image
1 Press 4P to select the image.
2 Press[Q]
3  Select [Single Select].
* To change the send settings of images, press [DISP]. (= Image Send Settings:

4 Or? Et)t?; smartphone, select [Yes] (for Android devices) or [Join] (for iOS devices).
+ This connects automatically using Wi-Fi.
Source: LUMIX S5II Owner’s Manual at 626.

105. Defendant has been and is now directly infringing, literally and/or under the doctrine
of equivalents because without authority it makes, uses, offers to sell, sells, and/or imports within
the United States the patented invention of one or more claims, including at least claim 1 of the
’266 Patent. Defendant is therefore liable to OIT for patent infringement under 35 U.S.C. § 271(a).

106.  Further, Defendant’s customers and end users who offer for sale, sell, and/or use the
Infringing Products directly infringe at least claim 1 of the *266 Patent.

107.  Furthermore, Defendant has been and is now liable under 35 U.S.C. § 271(b) for
actively inducing infringement of one or more claims including at least claim 1 of the 266 patent.
On information and belief, as set forth below, Panasonic has or should have had actual notice of the
disclosures in the *266 Patent since at least 2014. Additionally, Panasonic has had actual notice of

the 266 Patent since at least its receipt of OI'T’s complaint. Despite such knowledge, Panasonic has

intended that its customers and end users infringe the 266 Patent by selling, offering for sale,
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importing, and/or using the Infringing Products in the United States, and has actively induced such
infringement by instructing users in the United States to practice *266 patent claims in their user
manuals, posted videos and/or other materials with knowledge of the *266 patent as set forth in this
complaint and with knowledge of the *266 patent since at least the time Panasonic became aware
of the *266 Patent.

108.  Further, Defendant has been and is now liable under 35 U.S.C. § 271(c) because it
offers to sell or sells within the United States or imports into the United States a component of a
machine patented by one or more claims of the 266 Patent as set forth above that constitutes a
material part of the invention, knowing the same to be especially made or especially adapted for
use in an infringement of such patent, and not a staple article or commodity of commerce suitable
for substantial noninfringing use.

109.  As a result of Defendant’s infringement of the *266 Patent, OIT has suffered and
continues to suffer damages. Thus, OIT is entitled to recover from Defendant the damages OIT
sustained as a result of Panasonic’s wrongful and infringing acts in an amount no less than a
reasonable royalty, together with interest and costs fixed by this Court under 35 U.S.C. § 284.

110. OIT has suffered damage because of the infringing activities of Defendant, its
officers, agents, servants, employees, associates, partners, and other persons who are in active
concert or participation therewith, and OIT will continue to suffer irreparable harm for which there
is no adequate remedy at law unless this Court preliminarily and permanently enjoins Defendant’s
infringing activities.

111. Defendant’s infringement of the 266 Patent was, is, and continues to be deliberate
and willful. The 805 Patent application with the same specification as the ’266 patent was

published on July 24, 2008, and the related ’805 Patent issued on November 3, 2009. On
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information and belief, Panasonic has had actual notice of the disclosures in the 266 Patent at least
as early as December 17, 2014, the issue date of Panasonic’s Japanese Patent, No. JP 5643153 B2.
The patent family that includes the 805 Patent was cited by the examiner during the prosecution of
Panasonic’s Japanese Patent. Thus, Panasonic was informed of the disclosures of the *266 Patent,
but continued to infringe, nonetheless. Moreover, Panasonic was and is on notice of the 266 Patent
at least as early as the filing of the Complaint in this lawsuit, yet Defendant continued and continues
to infringe the 266 Patent.

CONCLUSION
112.  Defendant has directly, indirectly, and/or contributorily infringed on Plaintiff’s

rights as owner of the Asserted Patents. Plaintiff is entitled to recover from Defendant the damages
sustained by Plaintiff as a result of Defendant’s wrongful acts in an amount subject to proof at trial,
which, by law, cannot be less than a reasonable royalty, together with interest and costs as fixed by
this Court.

113.  Plaintiff has incurred and will incur attorneys’ fees, costs, and expenses in the
prosecution of this action. The circumstances of this dispute may give rise to an exceptional case
within the meaning of 35 U.S.C. § 285, and Plaintiff is entitled to recover its reasonable and
necessary attorneys’ fees, costs, and expenses.

JURY DEMAND
114.  Plaintiff hereby requests a trial by jury pursuant to Rule 38 of the Federal Rules

of Civil Procedure.

PRAYER FOR RELIEF
115.  Plaintiff requests that the Court find in its favor and against Defendant, and that

the Court grant Plaintiff the following relief:
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1. A judgment that Defendant has infringed the Asserted Patents as alleged herein,
directly, indirectly, and/or contributorily;

2. A judgment that Defendant’s infringement of the Asserted Patents was deliberate and
willful;

3. A judgment for an accounting of damages sustained by Plaintiff as a result of the acts
of infringement by Defendant;

4. A judgment and order requiring Defendant to pay Plaintiff damages under 35 U.S.C. §
284, including up to treble damages as provided by 35 U.S.C. § 284, and any royalties
determined to be appropriate;

5. A judgment and order requiring Defendant to pay Plaintiff pre-judgment and post-
judgment interest on the damages awarded;

6. A judgment and order finding this to be an exceptional case and requiring Defendant
to pay the costs of this action (including all disbursements) and attorneys’ fees as
provided by 35 U.S.C. § 285; and

7. Such other and further relief as the Court deems just and equitable.

Dated: October 18, 2023 Respectfully submitted,

/s/ E. Leon Carter

E. Leon Carter
Icarter@carterarnett.com
Texas Bar No. 00790361

Scott W. Breedlove
sbreedlove(@carterarnett.com
Texas State Bar No. 00790361
Monica Litle Goff
mgoff@carterarnett.com
Texas State Bar No. 24102101
Alexis Ritzer (admission pending)
aritzer@carterarnett.com
Texas State Bar No. 24115116
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DIGITAL IMAGING SYSTEM AND METHODS
FOR SELECTIVE IMAGE FILTRATION

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims the benefit of priority under
35 U.S.C. section 119 from U.S. Provisional Patent Applica-
tion Ser. No. 60/807,065, filed on Jul. 11, 2006, the disclo-
sures of which are hereby incorporated by reference in their
entirety for all purposes.

FIELD OF THE INVENTION

The present invention pertains to imaging systems. The
invention presents electronic methods to optimize optical
processing, the digital capture of light and post-capture image
organization of digital data sets. The system may be used in
any device that captures, records, replicates, scans, repro-
duces, accesses, organizes, modifies, edits or stores images
digitally. The invention applies to any imaging system that
includes interaction between optics, digital image sensors,
post-capture integrated circuits and digital storage compo-
nents. The system includes self-organizing apparatus for opti-
cal image collection, electronic organization and optimiza-
tion of digital data using integrated circuits and software
applications. The system applies to consumer and profes-
sional still and video photography, including cinematogra-
phy, to the processing of images with digital sensors, and to
copying and scanning technologies. The system also applies
to complex grids of multiple video cameras and satellites for
surveillance and reconnaissance.

BACKGROUND OF THE INVENTION

The history of photography in the twentieth century is a
story of finding solutions for optimizing optical problems.
The main challenges have involved improving lens configu-
rations to optimize image quality for film capture. As an
example of this, lens aberrations have been reliably corrected
by creating aspherical lens elements in wide-angle lenses and
by creating apochromatic lens elements in telephoto lenses.
The use of lens element coatings has also improved optical
quality. Similarly, the evolution of zoom lenses has included
improvement in optical quality via the combining of complex
optical element configurations; as the optical quality of zoom
lenses improved dramatically, their simplicity and utility led
them to dominate lens sales. Complex computer-aided design
(CAD) software has been used to test a broad range of pos-
sible lens configurations so as to optimize the optical perfor-
mance in terms of clarity and contrast of each lens type, as
much as optically possible within economic constraints.

In the last twenty-five years, an additional revolution has
occurred with the advent of auto-focus (AF) technology in
still photographic and video cameras. lnvented by Minolta in
the early 1980s, AF technology was a photographic applica-
tion of technology developed for the U.S. military. The AF
system used an infrared light sensor to reflect light onto an
object that allowed a camera’s lens to focus on the object by
employing a motor in the camera. Canon eventually devel-
oped improved methods of auto focus by using electronic
means (viz., micro ultrasonic motors) to increase speed and
accuracy. This AF technology was integrated with automatic
exposure (AE) technology which developed complex algo-
rithms in a “program” mode to combine shutter and aperture
data to match each lens with particular subject matter, as well
as an aperture-priority exposure mode and a shutter-priority
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exposure mode. Of course, the photographer could use
manual focus and manual exposure at any time, but these
improvements increased the creative process and the com-
petitive advantages of camera makers and photographers that
employed them. Ultimately, the combination of these devel-
opments allowed ordinary photographers to achieve high
quality standards.

AE was improved by Nikon, particularly with the use of'a
“3D color matrix” system, which included a library of pre-
programmed image types. The combination of the improved
AF and AE subsystems allowed a dramatic simplification of
photographic imaging because the photographer no longer
labored over the time-consuming focus and the exposure
variables. Automated film advance, in the form of built in
motor drives, increased the working speeds of camera opera-
tion as well. Nearly all consumer and professional cameras
became automated to some degree by the mid-1990s, includ-
ing formats beyond the 35 mm film standard.

In the last decade, a new technology of image stabilization
(1S) has emerged to help correct the problem of vibrations
caused camera shake that lead to image blur. This technology
is implemented in lenses by the use of gyros to reorient the
light plane to compensate for camera shake; when combined
with the earlier automated camera technologies such as AF
and AE, 1S further improves the photographic experience,
particularly for larger lenses.

In addition to these advances in camera automation, tech-
nologies improved in the category of artificial flash as well.
With microprocessors and sensors employed to measure
minute variances, the development of photographic flash sys-
tems allowed the photographer to control the lighting in an
environment to some degree. Nikon’s use of distance infor-
mation in its flash system advanced the state of the art in flash
photography. The combination of AF and AE with automated
flash mechanisms provided increased efficiency and simplic-
ity in image capture processes.

The last several years have witnessed a revolution in digital
photography. Because of its simplicity, potential quality
improvement, immediate feedback and cost savings, digital
photography has captured an increasing market share relative
to film-based cameras. Kodak holds a number of patents
involving the charge coupled device (CCD) for converting
and recording light into electronic format. A competing tech-
nology for digital capture is complementary metal-oxide
semiconductor (CMOS) which, though developed by Fair-
child Semiconductor over forty years ago, is predominantly
used in photographic cameras by Canon. Although there are
trade-offs in the application of CCD and CMOS digital sen-
sors for image capture, they both find wide acceptance in the
market.

In order to correct for digital artifacts in image capture
mechanisms, anti-aliasing filters are placed in front of digital
sensors. Despite this improvement, digital imaging still has
some challenges to overcome in competing with the image
quality of film.

At the present time, the most recent advances in digital
imaging for professional still photography have come from
Hasselblad, which offers a Phase One camera back with a 39
MP digital sensor from Kodak. This system uses software that
automatically corrects for digital capture limitations to pro-
duce a quality image. Their “digital APO correction” (DAC)
technology performs an analysis of meta-data to color-correct
the digital capture resulting in moiré-free images.

At the limits of current technology, a Canadian company,
Dalsa, has produced a 111MP (10,560 by 10,560 pixels) CCD
digital sensor that measures four inches square. This technol-
ogy must be mated with large format-type lenses with large



Case 3:24-cv-02466-TLT Document 1 Filed 04/25/24 Page 84 of 231

US 7,612,805 B2

3

image area, and may be used for satellite surveillance appli-
cations and for other astronomical applications.

With both the larger sensor surface area of a medium for-
mat camera system and the high-quality fixed focal-length
lenses of Zeiss, Schneider and Rodenstock, the quality of
even the top optics will be a limiting barrier to advanced
digital sensors’ ability to perceive maximum resolution.
Without new improvements in optical and digital technolo-
gies, further progression of photographic camera systems
will be limited.

Photographic Problems

Though every major advance in photography has solved an
important problem, there are still remaining photographic
problems to be solved in order to meet the goals of optimizing
optical imaging quality while increasing simplicity and effi-
ciency and lowering cost. Despite the advent and evolution of
digital imaging, a number of problems have emerged in the
digital realm in addition to earlier problems involving optics.
Nevertheless, an opportunity exists to solve some of these
problems via digital approaches. These problems are gener-
ally categorized as optical or digital.

Optical Problems

In the case of optics, lens aberrations are characterized
according to lens type, with wide-angle lens problems difter-
entiated from telephoto lens problems. Some of the problems
affecting wide-angle lenses arose from the creation of the
single lens reflex (SLR) camera. Before the SLR, the rear
element of a lens could be placed in a rangefinder to protrude
to a point immediately in front of the film plane in order to
correct for aberrations. While the advantages of the mirror
mechanism include ability to see exactly what one is photo-
graphing, because the mirror of the SLR flips up during
exposure, the rear element of the lens must be placed in front
of the mirror’s plane of movement. This mechanical fact
limits lens designs in most 35 mm and medium-format cam-
era systems and particularly affects wide-angle lens configu-
rations.

It is very difficult to control the five aberrations of Seidel—
spherical aberration, distortion (barrel distortion and pin
cushion distortion), comatic aberration, astigmatism and cur-
vature of field. In wide-angle SLR lenses as they are currently
designed, these aberrations are particularly prominent.

For wide-angle lenses, optical vignetting affects peripheral
illumination. Though optical vignetting will affect even ret-
rofocus wide-angle lenses in rangefinders, it is particularly
prominent in SL.R cameras. According to the Cosine law, light
fall-off in peripheral areas of an image increases as the angle-
of-view increases. While optical vignetting can be reduced by
stopping down the lens, the aberrations in rectilinear wide-
angle lenses generally exhibit more distortion the wider the
lens.

In the case of wide-angle lenses, the depth of field range is
much broader, with close focusing causing aberrations with-
out stopping down the aperture. To solve this problem, close-
distance focusing is improved by the creation of floating
groups of lens elements. The rear lens group elements float to
correct close-distance aberrations. With wide-angle lenses
that have wide apertures, floating lens elements improve lens
aberrations in focusing on distance points also.

Modulation transfer function (MTF) curves represent a
quantitative methodology used to assess the resolution and
contrast of lens performance at specific apertures. Each lens
type has a specific lens element composition, formula and
behavior as measured by MTF. In general, MTF measures
lens sharpness to 30 lines/mm and contrast to 10 lines/mm.
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Because different colors of the visible light spectrum
behave uniquely, the goal of lens design is to have all colors
accurately hit a film plane or digital sensor plane. The par-
ticular challenge for telephoto lenses is that the red and green
light colors strike the film plane at different times than blue
light colors; thus a compensation must be made in the lens
configuration to adjust for chromatic aberrations. Camera
lens manufacturers have used extra low dispersion glass and
fluorite glass elements in telephoto lenses primarily to adjust
the red color light spectra to the film plane. In addition,
telephoto lenses use carefully designed lens coatings to limit
light diffraction-based aberrations.

Due to their construction, super-telephoto lenses are very
large and heavy. While modifying the materials used in the
lens barrels could reduce size and weight problems, a tech-
nological improvement in telephoto lens design was devel-
oped by Canon with the addition of diffractive optical (DO)
elements, which behave as a sort ot highly-refined fresnel lens
magnifier. Though the MTF analyses of wide-angle lenses
show dramatic latitude in performance of even high quality
SLR lenses, with particular loss in resolution and contrast
toward the edges of the image, high quality telephoto lenses
show control of aberrations. However, the price of these
lenses is prohibitively high.

In the case of zoom lenses, as many as four distinct groups
of lens elements correct various optical aberrations. These
lens element groups include (a) a focusing group, (b) a mag-
nification variation group, (¢) a correction group and (d) an
image formation group. Modulating the focal length range of
a zoom lens enables the lens to perform within the scope of
operation, yet the zoom lens architecture has limits. ln par-
ticular, the zoom lens configuration sacrifices resolution and
wide potential aperture. Generally, the degree of resolution
and contrast at the smaller angle of view is traded away in
favor of competence at a wider angle of view, or vice-versa.
This explains why MTF analyses of zoom lenses generally
show a dramatic lowering in resolution and contrast relative
to excellent fixed focal length lenses.

Digital Problems

Digital photography has built on the edifice of film camera
systems. For instance, the size of the sensor is generally
limited to the size of the optical circumference of a lens
system. In the case of 35 mm lenses that are designed for a
specific angle of view, the largest that a digital sensor in a 35
mm lens system could be, is 24 mm by 36 mm, with a
corresponding maximum image circle of 43 mm. In the case
of medium format lenses, the largest digital sensors would
duplicate the corresponding film plane size, whether 6x4.5
cm, 6x6 cm, 6x7 cm, 6x8 cm, 6x9 cm, 6x12 cm or 6x17 cm
(which results in an effective image circle as large as 7
inches).

Digital sensors that are smaller than the limits of a corre-
sponding lens system have been introduced. For example,
Nikon digital sensors are smaller than 24 mmx36 mm, or
advanced photo system (APS) size. Efficient stacking of pix-
els allows a smaller sensor to eventually match the perfor-
mance of a corresponding film system, while using the
smaller circumference of the same lenses. Since the outside
edges of the lens typically degrade resolution and contrast,
this model using the smaller digital sensor can have an advan-
tage of using primarily the centralized “sweet spot” of the
image area. However, this smaller sensor size sacrifices the
peripheral effects of a wide-angle lens, so a 14 mm becomes
a 21 mm in a 1.5x conversion-sized sensor in a 35 mm lens
system. On the other hand, with telephoto lenses, the angle of
view is limited to the center 65% of the image. This gives the
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appearance of upconverting a telephoto lens by 1.5x and thus
provides an impression of increased magnification; a 400 mm
/2.8 lens appears as a 600 mm f/2.8 lens on a camera with a
cropped digital sensor. Ultra-wide-angle lenses have been
introduced with smaller image areas than 35 mm to compen-
sate for smaller sensor size.

Though invented over thirty years ago by Dr. Bayer, the
charge coupled device (CCD) that is used in many digital
cameras generally emulates the behavior of film. Specifically,
since most photographic film has three layers of green, red
and blue, with green representing fifty percent of the emul-
sion and red and blue twenty-five percent each, the CCD
architecture also configured pixels to capture fifty percent of
the green photonic visible light spectrum and twenty-five
percent each for pixels recording red and blue light. Human
eyes see more green than red and blue, so both film and digital
sensors seek to emulate the way that we see. Each light color
is captured by a different pixel in the CCD, just as there are
three emulsion layers of film. In recent years, Foveon has
developed a digital sensor for image capture that further seeks
to emulate film by structuring the pixels into three layers,
again with fifty percent capturing green light and twenty-five
percent each capturing red and blue light.

Unfortunately, unwanted artifacts are also captured by the
digital image capture process. These include banding and
moiré effects that present false patterns and colors. Moiré
patterns are created because the dot pattern of a sensor will
intermittently overlap with the pattern of a subject to create a
third pattern; these effects are optically-generated digital dis-
tortions that represent the effect of light hitting a pixel without
correction. 1n order to compensate for these effects, digital
sensors have employed low pass filters consisting of liquid
crystal structures; however, these filters tend to have the effect
of softening image resolution. Additionally, RGB or CMYG
color filters are placed in front of digital sensors to ensure the
accurate capture of colors.

CMOS digital sensors present an alternative to CCDs. By
employing alternating positive and negative transistor net-
works, the CMOS sensors use less power. While they do not
have the low noise ratio of the CCD, they do have greater light
exposure latitude, in both range of 1SO and dynamic range of
detail in highlight and shadow. More importantly, CMOS
sensors contain the circuitry, including analog to digital con-
verter (ADC) and digital to analog converter (DAC), for post-
processing digital images on the chip itself and enabling
increased micro-miniaturization of the digital imaging pro-
cess. An increase in the bit rate of the CMOS chip up to 32-bit
makes possible a much richer color palate and level of detail
than with earlier generation CCDs.

CMOS sensors can be full-frame, matching the lens speci-
fications for the camera systems for which they are designed.
A relatively bigger sensor has a wider depth of field capabil-
ity, so the background can appear as a blur to set apart the
main subject. Given these capabilities, one problem that
emerges is that a digital sensor’s enhanced capabilities to
capture details may exceed the maximum optical resolution
capabilities of many lenses. Nevertheless, CMOS sensors still
require an anti-aliasing filter to be used in front of the sensor,
which marginally degrades resolution.

Over the years, cameras have gotten smaller. While in the
19" century cameras were 11x14 or 8x10, literally capturing
images on large emulsion plates, cameras oftoday are smaller
and more automated. Yet the larger the film size, the bigger the
enlargement potential and the increase in relative detail in the
overall image. Similarly in digital photography, the larger the
sensor, the more detail available and the bigger the output
print can be enlarged. Because of this correspondence of
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digital sensor to film, the evolution of digital photography has
been restricted to respective film camera systems, with 35 mm
and medium format systems dominating the field because
well-developed lens systems have already been organized for
these camera formats. The potential exists, however, to
develop 35 mm camera system digital sensors that rival film-
based medium format or large format camera system quality
or to surpass the limits of 35 mm camera systems with
medium format camera system digital sensors. The relative
size, cost and automation advantages of 35 mm camera sys-
tems generally show that these systems not only are competi-
tive, but that these markets are increasingly accelerated rela-
tive to larger format systems. For example, the development
of large aperture lenses, super-telephotos, rapid auto-focus,
refined automated exposure and image stabilization systems
in 35 mm systems has solved various problems that have
emerged in the last century and has improved image quality
and camera system efficiency.

However, in the digital imaging realm additional problems
have emerged, including the need to improve color (hue and
saturation) quality, exposure highlight range, contrast range
and other tonal adjustments. In addition, digital image cap-
ture brings its own set of aberrations, including moiré and
banding effects and noise and 1SO range limits. Additional
aberrations are linked to the unique design of each type of
digital sensor, with trade-offs presented between types of
CCDs or CMOS chips. Moreover, there are still optical prob-
lems in the digital realm, namely, a range of optical aberra-
tions created particularly by wide-angle and zoom lenses as
well as the limits of very large, costly and heavy super-
telephoto lenses.

In order to transcend the optical and digital limits of present
camera systems, software systems have been developed that
deal with the problems in post-production. While the most
notable of these post-production digital editing software pro-
grams is Adobe Photoshop, each camera manufacturer has its
own proprietary program. ln the main, these post-production
software programs are limited to color correction and sharp-
ening/softening of images. Additionally, some of these soft-
ware programs are able to emulate specific artificial filter
techniques to produce creative modifications of an original
image. Nevertheless, manipulating unfiltered RAW image
files in post-production processes is time-consuming and
expensive and requires considerable skill.

One unintended effect of using digital sensors to capture
images in digital photography is that dust accumulates on the
sensor surface and thereby obstructs a clear optical image.
The vacuum behavior of increasingly ubiquitous zoom lenses
moves dust in lenses that are not internally sealed and the
existence of dust is a prevalent feature of digital photography.
Dust on the sensor is a non-trivial problem that requires
tedious post-production correction for each image. The exist-
ence of dust on a digital sensor is an inconvenient impediment
to achievement of optical imaging quality.

What is needed to correct these various optical and digital
aberrations and unfiltered image files is in-camera modifica-
tion capability for each specific image problem. The present
invention describes a digital imaging system to optimize opti-
cal results.

Applications of the Present Invention

The present invention has several practical applications.
The digital imaging system applies to consumer and profes-
sional still and video camera technologies, to cellular tele-
phones and to personal digital assistants (PDAs). Since video
technologies are evolving into digital formats, including
HDTV and its successors, the present invention would be
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applicable to these technologies. The present invention also
applies to networks of remote camera sensors for surveil-
lance. The system also applies to native digital cinematogra-
phy and telecine conversion from analogue to digital media.
The system may be applied to image scanning and image
copying technologies. Finally, the present system may be
applied to any optical digital capture, processing and storage
sub-system technologies, including groups of sensors or sat-
ellites.

Advantages of the Present Invention

There are several important advantages of the present
invention. The present system dramatically improves image
quality. This digital imaging system eliminates, or minimizes,
post-production processes. In addition, the system presents
substantial cost savings as well as time savings relative to
existing digital imaging systems because of the automation of
integrated in-camera optical and digital corrections of aber-
rations.

With the present system, in-camera digital filters will
largely replace optical filters. With less distortion, cost and
weight/size than current optical filters and with far more
control and quality results, the present system demonstrates
that in-camera digital filtration out-performs better than
external filters. The in-camera filter system is also an
improvement over post-production digital filter systems
which require substantial time, cost and skill to implement.

By using the present invention, users will be able to use
lens apertures that are wider open, because lens aberrations
will be corrected. In turn, this increased latitude will allow
more efficient (2+ stops) use of available light and will allow
slower lenses to achieve quality images that have traditionally
been in the domain of expensive fast lenses. The process of
photography will be made generally more efficient.

The present system allows camera manufacturers to design
different, predominantly smaller, lenses. Moreover, with pro-
viding a system for digital corrections, camera lenses may use
less expensive optics and still obtain good results. This pro-
cess will, in turn, accelerate the adoption of low-cost digital
photographic systems and, in the aggregate, increase the
overall size of the digital photographic market. Similarly,
there will be an increase in the effectiveness of zoom lenses,
which are already becoming popular. With the present sys-
tem, 35 mm optics may obtain the quality typically recog-
nized by 4x5 film camera systems. The present system will
thus facilitate photographic digital imaging to supplant the
film era.

Its application to digital scanning and copying will allow
the present system to become ubiquitous as a system to
improve imaging.

Because the system presents an integration of several criti-
cal subsystems that are centered on digital imaging processes,
the system has applications to video photography, satellite
systems and surveillance systems. The dynamics of the
operation of the subsystems of the present digital imaging
system reveal the refinement, efficiency and optimization of
the digital photographic paradigm.

Importantly, since the present system uses apparatus and
methods that are implemented with software processes, in-
camera software can be constantly upgraded and remotely
downloaded, while image files can be automatically
uploaded, organized and published.

Ifthe goal of the evolution of photographic technology is to
increase the number and quality of excellent images, the
present system will revolutionize photography.
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Solutions to Digital lmaging Problems that the Present Sys-
tem Presents

The present system provides in-camera digital corrections
to both optical and digital aberrations. 1n the case of optical
aberrations, distinct lens-specific imperfections are caused by
wide-angle, telephoto and zoom lens types. In the case of
digital aberrations, specific digital artifacts, such as aliasing
and dust, must be corrected.

The present invention also designs specific improvements
to digital sensor design. These hardware architecture modifi-
cations allow digital imaging to maximize both optical reso-
Iution and image exposure range.

Post-capture in-camera filtration is only part of the solu-
tion. There is also a need to modify the digital sensor, whether
CCD or CMOS, with specific filtration in some cases, includ-
ing a low pass anti-aliasing filter and a polarizing filter. This
post-optic pre-sensor filtration works with post-sensor in-
camera filtration processes.

In the context of specific complex processes, such as in
zoom lens modifications of focal length and in full-motion
video processing, additional corrections are performed using
the digital imaging system which continuously optimizes
performance.

Finally, the present system reveals approaches to improve
network coordination and wireless external storage and pub-
lication capabilities for digital imaging systems.

BRIEF SUMMARY OF THE INVENTION

The present invention is divided into several main sub-
systems: (1) digital filters to correct optical and digital aber-
rations; (2) digital sensor improvements and nano-grids; (3)
digital system improvements that link multiple digital correc-
tions; (4) dynamic digital imaging system improvements that
apply to zoom lenses and video imaging; and (5) digital image
network improvements. There are several distinct improve-
ments for each category of sub-system listed.

DESCRIPTION OF THE DRAWINGS

F1G. 1 is a schematic drawing of a digital imaging system.

F1G. 2 is a flow chart of an analog to digital signal process.

F1G. 3 is an image of the vignetting corrective filter in an
optical lens.

F1G. 4 is a list of wide angle 35 mm lens types.

F1G. 5 is a flow chart of the digital corrective process.

F1G. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

F1G. 7 is a flow chart of the process of digital image
capture, processing and storage.

F1G. 8 is a flow chart illustrating the process of selecting
filtration settings.

F1G. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.

F1G. 10 is a flow chart showing exposure optimization
using digital correction in camera.

F1G. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

F1G. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

F1G. 13 is a flow chart describing the exposure adjustment
of'an image using in-camera filtration.

F1G. 14 is a flow chart showing the process of in-camera
special effects filtration.

F1G. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.
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FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.

FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

F1G. 19 is a diagram of a nano-grid.

F1G. 20 is adiagram showing the feedback loop connecting
the processor and the nano-grid.

FI1G. 21 is a diagram illustrating the tri-pixel architecture in
a digital sensor.

FI1G. 22 is a flow chart showing the pre-programmed mod-
ules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.

FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FI1G. 29 is a flow chart showing the dynamics of zoom lens
corrections in digital imaging.

FI1G. 30 is a diagram illustrating object tracking in dynamic
changes in video corrections.

FIG. 31 is a flow chart showing object tracking of a digital
imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE INVENTION

(D) Digital Filters to Correct Optical and Digital Aberrations

(1) Lens-Specific Digital Correction of Fixed Focal-Length
Lens for Specific Optical Aberrations in Camera.

Each lens has some sort of aberrations because of the
trade-offs involved in producing lenses of usable size and
practical commercial cost. The challenge of building lenses
for SLR camera systems lies in accounting for particular
restrictions and compromises, particularly for wide-angle
and zoom lenses. In the case of wide-angle fixed focal length
lenses, several main kinds of aberrations occur, including
spherical aberration, distortion (pin cushion distortion and
barrel distortion), astigmatism, curvature of field (manifest-
ing as the reduced corner exposure of vignetting) and comatic
aberration (a distortion evident with long exposures). The
extremes of each of these aberrations have to be corrected in
post-production.

In the case of vignetting, a type of aberration in which the
corners of an image are exposed a stop less than the image’s
center area, software can digitally emulate a center-neutral
density filter to compensate for the light fall-off on the edges.
This operation identifies the degree of light fall-off for each
specific lens and adjusts the brighter areas in the center of the
lens by appropriate exposure compensation. A consequence
of'this digital equivalent of the traditional optical solution to
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vignetting is that the image will require exposure metering of
the subject at a level consistent with the outside edges of the
image rather than the typical inner section. ln the present
system, the camera will use pre-set calculations compensat-
ing (generally one stop) for the specific gradations of the
curvature of the field for each lens, with an increasing com-
pensation correlated to an increased angle of view. Similarly,
barrel distortion and pin-cushion distortion, which also mani-
fest in image corners, are corrected using processes of
employing pre-set calculations, to compensate for optical
distortion, particularly in wide-angle and zoom lenses.

In addition to integrating into the camera the traditional
process of image correction for exposure gradations of
vignetting, the present invention offers two further embodi-
ments. First, instead of darkening the center to match the
darker corners, the in-camera digital compensation system
will lighten the corners to match the exposure of the center of
the image. 1n the second embodiment, the in-camera digital
compensation system will both lighten the corners somewhat
and darken the center of the image somewhat, to produce a
more pleasing and realistic effect. The in-camera digital cor-
rections of the vignetting problem dramatically improve the
traditional optical solution of a center-weighted neutral den-
sity filter, which typically degrades image quality as it evenly
illuminates the full image.

Since each lens has specific aberrations, depending on
manufacturer and even differences in the specimens them-
selves, the camera software system will have preprogrammed
general corrections for each specific lens type. For instance,
while a 20 mm 2.8 lens varies among manufacturers, the
general optical aberrations will be similar. An effective soft-
ware solution is one which brings the optical image quality to
alevel consistent with a benchmark as measured by low MTF
curves for each lens in its class in terms of both resolution and
contrast throughout the image. To exemplify this benchmark,
retrofocus rangefinder lens performance results of wide-
angle lenses, which lack a shutter mechanism to design
around, can be used for comparison. To accommodate the
mirror in the SLR design type, the rear nodal point in SLR
lenses are shifted forward, creating distortion. 1n contrast, the
present system suggests applying a digital solution to com-
pensate for this problem.

In a general sense, this process of correction is similar to
correcting an ocular astigmatism with reading glasses. How-
ever, rather than using an optical solution to an ocular prob-
lem, the present system reveals a digital solution to an optical
problem.

In the process, the camera identifies a specific lens and
refers to a database that matches the lens type with the specific
aberrations. The aberrations are consistent throughout all
images for each formula of a specific prime lens type and are
thus corrected by adjusting for each specific aberration cat-
egory. Generally, the larger the angle of view of a lens, the
greater the distortion and the greater the need for in-camera
digital corrections.

In addition to the kinds of distortions created in wide-angle
lenses, other types of distortion occur primarily in large aper-
ture telephoto lenses, most notably chromatic aberrations that
require apochromatic corrections. Rather than employing
large, heavy and expensive extra dispersion glass, such as
fluorite elements, the present system allows each lens type to
be digitally corrected for these types of aberrations. The in-
camera digital process works by identifying a specific lens
and comparing the lens pattern to an internal database. Math-
ematical calculations compensate for the shift in red and
green light that apochromatic corrections require for very low
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MTF curves registering high standards of resolution and con-
trast by emulating the optical benefits of extra low dispersion
glass elements.

Since lenses of the same focal length but with different
maximum apertures represent completely different lens
designs, modifications of their aberrations will vary relative
to each specific lens type. For example, a 24 mm 1/2.8 lens
will have a different optical formula than a 24 mm f1.4 lens in
a 35 mm camera system. Similarly, a 28 mm /2.8 will differ
fromboth a28 mm /2 lens and a 28 mm 1.4 lens and will thus
each require different adjustments for vignetting, spherical
aberration, pin cushion distortion, barrel distortion and coma.
In other words, each lens with a unique optical formula will
have specific aberrations, the corrections for which will be
accessible in a database.

Another type of optical aberration that affects lenses
involves flare, which is a sort of specific reflection of light
sources. While improvements in lens coatings have been used
to correct for flare, high refractive glass also eliminates flare.
The present system uses digital processes to emulate these
flare reduction functions on lenses even at maximum aper-
tures.

In addition to the lens-specific types of corrections that are
supplied by in-camera software, a function that optimizes
contrast provided by limited reflected light is required. In
general, lens hoods reduce reflected light. However, in the
absence of a lens hood, scattered light will adversely affect
contrast in all lenses. Thus, a general digital solution will
optimize contrast from reflected light by emulating the effects
of a lens hood.

Because the pixels on a digital sensor behave as neutral
intermediaries to record light, the aberrations on specific
fixed focal length lenses will be prominent. 1t is therefore
necessary to filter out various optical impurities. ln all cases,
the digital in-camera software program emulates specific fil-
ters to effectively correct specific optical aberrations.

By digitally adjusting for optical distortions, the present
system advances the state of the art for fixed focal length lens
optics, beyond any opportunities available in film cameras.
The following chart illustrates a list of optical distortions that
are corrected by in-camera digital solutions.

Fixed Focal Length Zoom Lens Type

Specific Lens Type Wide-  Wide- Tele-

Aberrations Wide-angle Telephoto angle to-Tele photo

X
X X

Spherical
Comatic
Astigmatism
Distortion (Pin
Cushion and
Barrel Distortion
Curvature of Field
Chromatic

Flare

Scattered light
(Unpolarized)
Color Accuracy
No Lens Coatings

X

R
R

Ko oMM X
R R RO
Ko oMM X
R R RO
R R RO

(2) Multivariate Digital Correction Using Matrix Filter Sys-
tem in Camera

Since typically several distinct aberrations exist in a lens, it
is necessary to correct each of the aberrations. For this multi-
dimensional problem there is a multivariate digital in-camera
software correction solution. The problem of correcting mul-
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tiple aberrations presents the additional challenge of requir-
ing acceleration to complete multiple tasks rapidly. In most
cases, the hardware employed in a camera’s chip set will
include an application specific integrated circuit (ASIC)
which processes a particular program rapidly. ltis appropriate
to facilitate the combination of corrections to multiple simul-
taneous aberrations with an ASIC or multiple ASICs.

There is a need to optimize both resolution and contrast
across the image area for accurate light reproduction. One
way to do this is to stop down the lens to an optimum aperture
of'about 1/8. However, this solution sacrifices the advantages
of a fast lens design and capability, namely, limited depth of
field and bokeh (smooth out-of-focus area). Though resolu-
tion is typically improved by stopping down a lens, digital
sensors are generally still restricted in their latitude of con-
trast. Therefore, regarding both resolution and contrast, it is
necessary to provide multiple adjustments of the native image
with in-camera digital corrections.

While it is possible to produce mathematical algorithms for
automatic correction of optical aberrations, it is also useful to
have manually adjustable variables. Therefore, the present
system includes a function whereby one may omit a specific
correction in an image by using a lens with multiple aberra-
tions in order to induce a particular creative effect. This factor
may involve a lack of exposure compensation, a lack of cor-
rection for spherical aberration or an improperly or partially
corrected apochromatic modification.

In one example of the use of multiple corrections, simul-
taneous application of multiple digital filters concurrently
corrects multiple aberrations. 1n effect, this is like adding
layers of different eye glasses to repair multiple types of
astigmatisms for each specific ocular condition. The dynam-
ics of correcting multiple simultaneous aberrations may be
complex, but since the number and type of aberrations are
constrained to a specific lens type, a centralized database may
be accessed with specific corrections for each respective aber-
ration. For example, lenses with multiple complex aberra-
tions, such as in very wide-angle lenses, will require multiple
corrections. These combinations of corrections become com-
plex as focal length modes change in zoom lenses and as
aperture changes.

The following is a list of filter types that provide digital
methods of correcting image problems or creating specific
effects. The list is not intended to be comprehensive or sys-
tematic.

Other Filter
Filter Type in Digital App.  Most Common Uses Types
UV (and Sky) General Use Polarizer
Color-enhancing 17 mm-200 mm (in 35 mm) Close-up
(and warming)
Contrast 17 mm-200 mm (in 35 mm) Special

effects filters
Black and White 17 mm-200 mm (in 35 mm)

(Red, Orange, Yellow,

Green)

Infrared 17 mm-200 mm (in 35 mm)
Color Graduated (Neutral 17 mm-200 mm (in 35 mm)
Density)

Diffusion 24 mm-135 mm (in 35 mm)

(Soft, mist/fog, star, streak)
Combinations (Neutral
density and enhancing,
Polarizer and UV)

17 mm-200 mm (in 35 mm)

In the past, these optical filtration processes were added
after the production process via editing software such as
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Photoshop. However, in the present system, these combina-
tions of processes are performed in-camera by user-adjusted
settings. 1n the case of artificial color changes to an image,
digital processes emulate specific optical filters by adding a
specific color or a combination of colors. On the other hand,
in the case of diffusion filtration, the in-camera digital process
creates an emulation of optical filters. The classic example of
this diffusion approach is the soft filter, which is used for
portraiture. In this case, various user-adjustable settings in the
camera digitally manipulate soft filtration.

(3) Depth-of-Field Optimization Using Digital Correction in
Camera

In addition to correcting optically-generated aberrations
with in-camera digital processes, the present system allows
in-camera depth-of-field (DOF) optimization by affecting the
aperture of the lens that is used.

DOF in an image is dependent on the aperture setting in a
lens, in which a moderate DOF range—allowing a subject to
be isolated in an image—can be manipulated, that is,
extended or narrowed, by the camera’s digital processing
capability. In the film paradigm, one obtains a specific aper-
ture, and thus the corresponding DOF, that is preset by the
photographer. However, in the digital paradigm, by contrast,
one can narrow an image’s surplus DOF range in-camera by
manipulating the aperture. This process can only be done in
the camera, because once the digital file is sent to post-
production editing, the aperture and DOF is already set and
incapable of being changed. The aperture is narrowed in
camera by isolating the subject and shifting the field of view
(forward from the rear range of DOF and backward from the
front range of the DOF). Distance information is used to
recalculate an optimal DOF. In another embodiment, the cam-
era provides feedback from an internal computational analy-
sis that results in a specification of less DOF and takes another
image (or images) with a larger aperture to accomplish
reduced DOF at a specific focus point.

The camera will effectively identify a type of subject and
provide an optimal aperture for this subject. For instance, for
a portrait, the camera will select a shallow DOF around the
subject. In the case of a distant landscape, the camera will
focus on a distance at infinity and provide a nominal aperture
to correspond to shutter speed that will fit the available light
as matched to a specific lens. A near landscape photographed
with a wide-angle lens will, on the other hand, have a near
focus and a maximum DOF; specific subjects will be high-
lighted with ample DOF. The camera will also have the capa-
bility to bracket exposures in several successive images based
on DOF variations.

The DOF manipulation thus depends on a combination of
data sets including the particular lens used (wide-angle lenses
have greater DOF at moderate distances than telephoto
lenses), the distance information and the unique combina-
tions of aperture and shutter speed. DOF will narrow with less
distance, with use of a telephoto lens and a fast aperture;
contrarily, DOF will expand with a further distance, with use
of'a wide-angle lens and a slower aperture.

In another embodiment of this process, test images are
taken and analyzed, then later images taken with new settings
optimize DOF for each image type.

(4) Exposure Optimization Using Digital Correction in Cam-
era

One phenomenon that film currently records better than
digital photo technology is exposure latitude. Film is capable
of greater exposure latitude than either CCD or CMOS digital
sensors, though each digital sensor type has strengths and
weaknesses. For the crucial detail recorded in a scene, film
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provides far more depth of tonal range. Yet some of this
problem—caused by the limits of digital sensors themselves
and the way that photons are recorded by electrically charged
pixels—can be digitally corrected and optimized in-camera.

The problem derives equally from the method of measur-
ing exposure as well as the method of image capture by a
digital sensor. In general, since there is less exposure latitude
in digital sensors, as compared to film, the maximum scope is
two or three stops in the image tonal range. Consequently, the
camera must meter the image within constraints of the tonal
range of the digital sensor, with the sacrifice of either shadow
detail or highlight detail. In an image with broad exposure
range, then, the image will generally be either too light or too
dark because metering for one area sacrifices the other tonal
category.

One way to solve this problem is to manipulate the lens
aperture, because increased aperture within an optimal limit
generally increases detail. An optimal aperture of /8 provides
more detail and clarity than at /2 or at £/32. The in-camera
processor may thus seek out more detail in the image by
manipulating the aperture to the optimal range of /5.6 to /11,
depending on the type of subject and the availability of light.
With more detail in the original image, it is possible to inter-
polate the digital data in the image file by increasing both
shadow and highlight detail and to gain an additional stop or
two of tonal range.

In another embodiment, the tonal range of an image data
set is enhanced in-camera by using meta-data to sample the
range of shadow and highlight detail. The data sets are inter-
polated to add requested shadow detail and/or highlight
detail. Obviously, some subjects require more or less shadow
or highlight (or both), which the camera can correspondingly
adjust. These tonal range corrections are user-adjustable.

In an additional embodiment of in-camera tonal range cor-
rections, exposure data are bracketed by manipulating the
aperture and shutter speed to lower or raise the overall expo-
sure in one-third to one-half stop increments. This bracketing
method may be correspondingly limited to a specific image
type. For instance, in a portrait, the extraneous background,
which ought to be out of focus, is not emphasized in the
exposure data, while the main subject is carefully nuanced for
balancing an optimum of both highlight and shadow, or for an
exclusive emphasis on either highlight or shadow.

The overall problem of limited tonal range in digital pho-
tography stems from mismatched exposure-metering mecha-
nisms of digital sensors with substantially restricted tonal
range capabilities. One interesting example of this problem
occurs in scenes with two or more stops of difference, such as
a landscape with sky on top and earth on bottom. A filtration
process will operate on the key parts of such an image, as
described above regarding the vignetting phenomenon; the
overexposed top half of the scene will be gradually underex-
posed while the lower half of the scene will be gradually
overexposed. This scene-specific adjustment of exposure
greatly increases the tonal range of digital images and is made
possible via analysis of the scene and comparison to a data-
base of typical scenes categorized by the in-camera digital
processor which effects correction using the methods
described herein. In this example, the corrective process emu-
lates the use of neutral-density optical filters.

(5) Special Effects Digital Filtration of Specific Objects
Though there are several main categories of special effects
optical filters, including color enhancing, infrared and diffu-
sion, the use of diffusion filters appears to elicit the most
dramatic effect. Diffusion filters are categorized as soft effect,
mist/fog, black mist, gold diffusion, and star and streak, with
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various degrees of diffusion producing lesser or greater dis-
tortions. In effect, rather than removing optically-generated
distortions, we are deliberately creating photographically
desirable distortions. 1t is possible to reproduce these special
effects by using the digital post-capture production processes
in the camera. In this case, the camera digitally emulates the
special effect by applying user-adjustable filter settings.

Portraits have traditionally used some sort of soft effect
filtration approach which is producible in the camera using
the methods described here. After the image is captured, the
camera analyzes the image’s meta-data and applies a correc-
tion by interpolating the data with specific filter emulation. In
the past, specific camera lenses, such as the 135 mm soft
effects (also called “defocus control”) lenses performed this
function optically with an included adjustable lens element.
This defocus control lens type will focus on the main subject
and a lens element setting of the telephoto lens to produce a
soft filter effect. 1n addition, because this lens type uses a nine
blade aperture, the background that is out of focus has a
pleasing bokeh in which the gradations of tone are evenly
smooth. Nevertheless, a sophisticated digital camera is able to
produce the same results with more information provided by
a normal telephoto lens, using the method of emulating spe-
cial effects in-camera.

Another novel special effect that is a further embodiment
of'the system is the ability of the in-camera digital corrective
system to use complex data sets contained and analyzed in an
image to create a three dimensional (3-D) representation of
the image. The camera creates a 3-D image by arranging the
DOF in a way that optimizes the aperture by using distance
information and autofocus data to isolate a subject. By
removing the foreground and background of the image as a
center of subject focus, the DOF will emphasize the subject
only as 3-D. The key to this effect is the application of specific
exposure data as indicated above, because it is in the
increased extension of the range of highlight and shadow that
the subject in the image will attain a 3-D quality in contrast to
its out of focus foreground and background.

An additional embodiment of the present system would
extend the still photography in-camera special effects to
video with full-motion ranges of filtration actions.

Finally, it is possible to combine different user-program-
mable special effects in-camera by adding the various types
of diffusion methods for a specific image.

(6) Selective In-Camera Filtration of Specific Objects

The combination of sophisticated auto-focus technologies
and in-camera auto-exposure systems provides the opportu-
nity to isolate a subject by focusing on the subject and nar-
rowing the DOF range by manipulating the aperture. 1n a
further extension of the subject-isolating capabilities of these
technologies, it is possible to digitally filter out specific
objects in a scene in-camera while focusing on other selected
objects that are in a specific range of DOF. In other words, one
may apply filtration to correct aspects of a single object or
only the background of a scene to the exclusion of an isolated
object, rather than correcting a whole scene. Selective filter-
ing of specific objects in an image by in-camera digital pro-
cessing affords greater creative flexibility.

Because the camera uses distance information to isolate a
specific object by focusing on the object within a range of
DOF, it is possible to isolate a particular object for the pur-
poses of applying a specific filtration preference, such as
manipulating the color, correcting the optical aberration (say,
if the object is in a corner of the image of a wide-angle lens),
providing a special effect (such as a soft effect only on a
specific object rather than the scene as a whole) or using some

W

20

40

w
w

16

combination of these corrections. Once the camera isolates
the selected object (using auto-focus mechanisms and dis-
tance information), the user selects programmable correction
features to perform a corrective function only on the specific
object (or only on the parts of the scene that are exclusive of
the object). 1n a further embodiment, contrastively, once the
object is isolated, only the background may be selectively
manipulated with filtration, achieving pleasing effects. This
in-camera corrective feature provides a powerful tool to rap-
idly manipulate an image without using post-production edit-
ing software tools.

These object-specific in-camera selective filtration capa-
bilities are particularly dramatic with fast-moving action pho-
tography in which split-second timing produces the preferred
complex effects. Selectively identifying a particular object
for intensive combinations of filtration is a highlight of the
present system.

(7) Digital Correction In-Camera of Intermittent Aberrations
Caused by Dust on Digital Sensor

Dust on a digital sensor is a major concern for photogra-
phers. The use of zoom lenses compounds this condition,
because as the zoom lens changes focal-length positions, air
is transmitted, which results in the proliferation and diffusion
of sensor dust. Unless photography is isolated to a clean
room, the problem of dust on a digital sensor will remain
prevalent. The present system provides a method to correct
for this phenomenon.

In the case of dust on a sensor, a specific consistent pattern
emerges on each image captured by the digital sensor. Con-
sequently, information from various images is analyzed, and
the pixels affected by dust are identified. Information from the
consistent fixed pixel positions that are affected by the dust
are then isolated. The specific positions with the dust are then
analyzed by comparing the immediate areas surrounding the
dust that are not affected by it. These unaffected areas are
analyzed, and the affected areas are interpolated to provide a
continuous tone. In effect, the images identify the locations
with dust by using caching technology. The continuity of the
location of the dust between multiple images provides infor-
mation to the in-camera image processor to detect the specific
pixel locations. The camera will then apply a corrective pro-
cess to the isolated dust locations with adjoining exposures by
interpolating these distinct locations for each specific image
configuration.

In another embodiment of the present system, “hot” (too
bright) or “dead” (too dark) pixels are interpolated out of the
scene using the method described above. Unlike hot or dead
pixels, dust is a similar but temporary version of the same
problem of an artifact that requires in-camera modification. In
effect, a map is built to discover, isolate and interpolate bad
pixels, which are a permanent problem revealing a key limitin
digital sensor technology. Separate maps are constructed for
permanent pixel dysfunctions and temporary pixel aberra-
tions (viz., dust). In both cases, the camera works from these
maps to correct the aberrations on a pixel-level.

In a further embodiment of the present system, Monte
Carlo analysis is applied to the problem of identifying the
location of dust on specific pixels (or partial pixels) by ran-
domly creating an initial map from information of at least two
contaminated images.

In still another embodiment of the present system, the
process of modifying pixel aberrations (either permanent or
temporary) uses a sequence of operation which begins by
correcting the major aberrations first, then repairing the minor
aberrations, thereby maximizing efficiency. This is done by
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starting the corrective process in a specific location of the
image and moving to other positions in an efficient pattern.

(8) Sequence of Corrections for Multiple (Optical and Digi-
tal) Types of Aberrations in Camera

Since it is evident that multiple digital filtration approaches
may be used for specific types of problems or aberrations or to
achieve specific effects, it is clear that a combination of the
techniques may be employed simultaneously on specific
images. The present invention allows the various optical and
digital corrections to be performed in camera in a sequence of
actions. The user selects the various combinations of func-
tions required to be performed, inspects the effects, and
chooses the most effective combination of effects. Thus the
invention offers a combinatorial optimization of the totality
of corrective filtration approaches.

After the images have been taken, it is possible to inspect
them in the camera using the camera’s image read-out. This
makes it possible to create new files, or to adapt a RAW file,
in real time, by manipulating the various corrections in
sequence. This post-image-capture in-camera editing process
allows multiple corrections to be applied to a range of optical
and digital aberrations by combining various specific correc-
tive techniques.

In some cases, the user can pre-set specific corrections. For
instance, to correct for optical aberrations, a user may leave
this function on permanently. In other cases, such as selective
filtration of a specific object or optimization for DOF or
exposure, there may be discriminating use of specific correc-
tive functions. 1n the case of selective user choice, it is pos-
sible, by using the present invention, to select a priority
sequence of corrections in layers. While specific select layers
may be permanently activated, for example to automatically
adjust specific optical aberrations, additional sets of layers
may be manually selected in order to modify the specific
aspects of each image, particularly to adjust or correct digital
aberrations. This process can be performed with a single
microprocessor, multiple microprocessors, multiple AS1Cs
or a combination of microprocessors and ASICs.

An additional embodiment of the system provides multiple
combinations of corrections and effects via multiple indepen-
dent ASICs, which only perform specific functions, working
in parallel. The various tasks are divided into specific-func-
tion ASICs for rapid processing. The advantage of this
approach is accelerated processing speed in performing mul-
tiple simultaneous functions.

(11) Digital Sensor lmprovement and Nano-Grids

(9) Interchangeable Digital Sensor System Using Both CCD
and CMOS to Optimize Best Results

Because the main digital sensor types of CCD and CMOS,
like film types, each have benefits and detriments, it is some-
times advantageous to provide the utility of both sensor types
in a camera system. With the exception of a video camera,
which employs three CCDs, the use of multiple sensors has
not been adopted. Two generations ago, however, the idea of
using a twin reflex camera for medium format photography
was implemented. In this case, though focus was coupled
between the lenses, one lens was used to see the subject, while
the other lens took the picture. This method was used to obtain
the benefits of a rangefinder camera with a single lens reflex
camera.

The use of two types of sensors in a camera is compelling,
because the user benefits from the strengths of both. In the
present invention, one sensor is selected from among at least
two different types of sensors that are rotated to an active
position by the user. One advantage of this approach is that if
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one sensor experiences a problem, there is a reserve sensor
available at the push of a button.

This capability usefully exploits the strengths of each par-
ticular sensor. For instance, in situations in which high reso-
Iution is required, a CCD may be preferable, while in cases in
which increased tonal range or low noise is preferable, a
CMOS sensor may be preferable. With this approach, a cus-
tomer does not need to choose between different types of
sensors.

The process of interchanging the two chips is performed by
placing the two chips on either fagade of a plane that “flips”
over (i.e., rotates 180 degrees) upon demand to obtain the
requirements of the chosen chip type. This mechanism would
fit behind an SL.R’s mirror and could easily be performed as
long as the mirror is in the “up” position. In another embodi-
ment, the chip exchange process can occur by sliding alter-
nating chips into a sleeve from a single location and replacing
the non-utilized chip(s) into the reserve compartment. In
either event, the camera will detect the chip exchange and will
automatically reprogram software functions and settings for
the usable chip.

(10) Nano-Grids for Selected Pixels on CCD or CMOS Inte-
grated Circuits to Optimize Selective Modifications of Expo-
sure, 1SO and Aberrations in Digital Photography

Digital sensors consist of arrays of pixels, arranged in
rows, which behave as tiny buckets for converting photons to
electrons. As the pixels fill up with light, they are able to
discern slight differences in color and exposure and transfer
the energy, in the form of electrons, to storage. Charge
coupled devices (CCDs) have been the predominant form of
digital sensor because they use a form of electronic charge
which creates the behavior of a bucket brigade of transferring
data, once the buckets in a row are filled up, to successive
rows for digital data storage of the electronic charge sets.
CMOS digital sensors may be structured with larger bucket
pixels, which can increase the depth of the light captured and
thus the latitude of light exposure that is stored. However, for
the relatively larger buckets to provide increased photon cap-
ture capacity, it is necessary to control the width of the open-
ing in the top and the width of the buckets so that the amount
of light captured may be modulated.

The present invention introduces a key advance in the
ability of digital sensors, particularly CMOS sensors, to
modulate the size of the openings of the pixels. Specifically,
the present system provides for a nano-grid, or a very small
matrix of filaments, which fits over the sensor. The nano-grid
is carefully calibrated to match the rows of pixels on the
sensor so as to limit the amount of light that each of the
buckets may receive. Use of the nano-grid allows a selective
closing of the large buckets in order for photons to be
restricted. Selective modification of specific pixels on the
neutral grid makes it possible to identify specific sets of pixels
to correct for various exposure or lens aberrations.

In this embodiment of the present system, data about a
specific lens are provided to the camera in order to correct
specific lens aberrations, while exposure data is used to
modify image capture using nano-grids for optimum image
performance.

Nano-grids may be selectively switched at different pixel
sites, akin to continuously programmable field program-
mable gate array (CP-FPGA) semiconductors, which modify
architecture in order to optimize effective operation by con-
stantly manipulating the chip’s gates.

Nano-grids may be used for specific image modes, for
example, nocturnal imaging, which requires more time to
read a sufficient amount of light. In this case, a specific



Case 3:24-cv-02466-TLT Document 1 Filed 04/25/24 Page 92 of 231

US 7,612,805 B2

19

software module may provide lens and exposure data to the
camera, which then determine the precise composition of
nano-grid correction to provide to specific sets of pixels on
the digital sensor. In effect, nano-filaments move to positions
to effectively block out the full capacity of the pixel buckets
and thus change the pixel effects. With use of preset nano-grid
positions for particular applications, the identification of spe-
cific vectors of nano-filaments is performed, and exposure
adjustments are made on specific images in hardware.

The nano-grid is overlaid over the surface of the pixel
architecture. The nano-grid is used not only in specific pre-set
positions, but it also provides feedback to the post-capture
system for analysis and repositioning to achieve the desired
effects. One effect of the nano-grid is to manually expand or
narrow the range of a set of pixel buckets; this process in turn
effectively modifies not only the exposure range but also
sharpness at high 1SO, thereby dramatically reducing noise.
Consequently, it becomes possible, by modifying the pixel
bucket width and height, to obtain extremely sharp images
with excellent contrast and tonal range even in poor lighting,
a feat heretofore impossible.

The nano-grid performs these mechanical functions by
moving the nano-filaments in an arc, like expandable wind-
shield wipers. Though nano-grids are particularly useful in
CMOS chips, they are also useful with CCDs. In fact, with the
advent of nano-grids, CCD pixel size (and density in pixel-
rows which will affect the overall sensor size) may be
expanded and thus made substantially more versatile.

In a further embodiment of the present invention, multiple
screens, or grids, would be placed over the digital sensor. The
use of multiple nano-grids provides increased capacity to
perform the function of closing off the pixel buckets and, in
fact, to completely close off selected pixels to make the image
effect completely dark. The combinations of nano-grids
behave as multiple screens that move left and right to achieve
the desired effect. Although there is a need to periodically
calibrate the screens to effect their precise positions, this
system will employ an electric charge to push the nano-
filaments to the desired locations.

Nano-filaments move to block the space allowing photons
to hit the pixel in order to limit the amount of light capacity
available to the pixel. The complete darkening of the pixel
will result in a total black color in the resulting image.

Exposure data feedback is provided to the digital sensor to
effect the precise positioning of the nano-grid(s). ln a further
aspect of the present system, the camera’s computer will
anticipate the exposure data by statistically extrapolating
from the pattern created by at least three data sets. A micro-
processor (or AS1C) controlled nano-grid mechanism will use
the feedback to anticipate specific nano-grid positions in
order to optimize the exposure and corrective functions.

In one application of the nano-grid, the problem of vignett-
ing in wide-angle lenses may be solved by activating nano-
filaments in nano-grid(s) primarily in the corners to correct
for the darkening from the limits of the optical aberrations,
while still maintaining very low noise in a high 1SO (low
light) photographic situation. The use of the nano-grid would
thus contribute to solving multiple problems.

Nano-grids will also be useful in accurately correcting for
both color and exposure detail. In fact, with nano-grids, the
capacity of digital sensors’ range should be substantially
increased, because the chips’ pixel bucket sizes can be modu-
lated. Therefore, not only will the lighting and color be accu-
rate, but sharpness and optical aberrations will also be opti-
mized, in ways not possible before.

W

10

20

30

40

w
w

60

20

(11) Integrated Nano-Grids in Digital Sensor

In a further embodiment of the system, nano-grids may be
integrated into the digital sensor. In this form of the nano-grid,
the nano-filaments are constructed within the pixel buckets in
order to increase their accuracy and responsiveness. The
nano-filaments mechanically move in various directions to
perform the main operation of modulating light into their
respective pixels. This method of organizing nano-grids and
nano-filaments increases the rapidity of response to feedback.
In effect, each pixel has a mask, or flexible lid, contained in it,
which may open and close, to allow more or less light into the
pixel bucket.

The integrated nano-filaments are activated by oscillation
between positive and negative charges. In the context of a
CMOS sensor, the transistor networks oscillate between posi-
tive and negative charges. This architecture allows a “push-
pull” design of nano-filaments in which the negative charge
“pulls” and the positive charge “pushes” the activation of the
nano-filaments. This charge-enabled nano-grid (CENG)
advantageously allows modulating gates (i.e., filaments) inte-
grated into the pixel to reduce spaces between pixels, thereby
allowing more pixels to be packed on the same surface area.
The net benefit of the use of integrated CENG filaments is that
specific sets of nano-filaments will produce specific effects
on-demand and allow far more tonal detail than has been
possible before.

In a further embodiment of the present system, sophisti-
cated digital sensors may contain combinations of nano-grids
that appear on top of the sensor as well as nano-grids that are
integrated into the digital sensor. This combination will pro-
vide maximum latitude for processing the greatest effect
available.

(12) Combinations of Nano-Grids and Digital Corrections
Applied to Digital lmaging System

Whereas it is possible to exclusively implement nano-grids
to control the amount of light penetrating specific pixels, and
it is possible to exclusively provide digital corrections as
specified above regarding correcting optical or digital aber-
rations, a further embodiment of the present invention com-
bines the two processes in order to optimize imaging.

Combining these two complex processes makes it possible
to modify pixel capacity to maximize exposure latitude, to
expand exposure modification and to apply digital correctives
for optical and digital aberrations. Hence selective exposure
far beyond the limits of present film or digital photography is
made possible. The restrictions of film can thus be tran-
scended by using the present system, whereas use of a static
and limited digital system would not be sufficient to facilitate
these complex corrections.

The unique combinations of these processes also illustrate
a complex system that provides feedback from both the envi-
ronment and the photographer. The photographer may select
preset exposure settings that will activate a range of options in
both the nano-grids and the digital corrective system, while
the lens aberration corrective system is automatically imple-
mented. Once the camera detects specific conditions, such as
a broad range of exposure latitude, from very bright to very
dark, in the scene, it computes the precise number and loca-
tion of nano-grids needed to modulate the pixels for optimum
exposure with highlight and shadow detail and extreme
sharpness, even in relatively low light. The dynamics of these
multiple processes present trade-offs in selecting the best
available set of selected modifications.

(13) Tri-Well Pixels
As indicated above, one of the key problems with current
digital sensors involves dynamic range. There is a need to
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limit the scope of the space in the pixel well, into which light
is captured, then converted into electrons. The challenge with
current technologies is to balance details in shadow and high-
light areas, particularly to achieve low noise at relatively high
1SO speeds.

In addition to the concept of nano-grids, both in surface
screen and integrated embodiments, as specified in (10) to
(11) above, the present system introduces the notion of three
side-by-side differentially-sized buckets within each pixel
intended to optimize dynamic range for increased sensitivity.
In the most common configuration, the three different-sized
buckets are arranged with the largest bucket (in both width
and height) in the center, with the second and third largest
buckets on either side. The buckets are elliptical and concave
in architecture to increase efficiency of fitting together in a
round pixel structure. Their structures are semi-circular and
elongated. The largest and tallest bucket will be tasked with
maintaining the details in highlights, and the smallest will be
tasked with maximizing the details in shadows, while the
mid-sized bucket will be tasked with maintaining the middle
range of exposure details. The pixel will have data from all
three buckets available, but will select the data from one or
more buckets depending on the exposure details.

The system is analogous to the high fidelity sound technol-
ogy in speakers with crossovers, whose several frequencies
are used by the tweeters, mid-range(s) and woofers; the cross-
over point at which the frequency changes from one compo-
nent to another can be modified based on the specific mechan-
ics of each component.

In the case of the multiple buckets in a single pixel, the
buckets are connected by filaments to a central grid which
captures and stores the electrons. When the photographic
scene displays increased light, image data from the larger
buckets are selected to be recorded by the processor, while in
cases of darkness and increased need for sensitivity, the
smaller buckets are selected to be recorded; the mid-sized
bucket is used in normal light situations of most cases. Fur-
ther, this multi-aspect architecture can use pixels in varying
positions on the sensor differently, particularly to facilitate
processing far more dynamic range and to produce uniform
tonal range in scenes that vary more than two or three stops.
This novel multi-aspect model solves a number of key prob-
lems involving exposure dynamics in digital photography.

In another embodiment of the system, there may be more
than three buckets in a pixel, so as to divide out the functions
further and create even finer tonal continuity. ln a further
embodiment of the system, several pixels in a super-pixel
allow red, green and blue colors to be segregated by each
sub-pixel. This approach will be useful particularly in CCD
semiconductors because of limits of this architecture, which
require coupling circuitry between pixels to pass a charge
between rows of pixels. In this case, outputs will vary
between the micro-pixels to facilitate the differential process-
ing required.

While cases of two side-by-side pixels might solve these
exposure latitude problems, they represent an inadequate
solution, much as a speaker with only two components limits
the dynamic range output dramatically in contrast with a
speaker with five components. This is similar to comparing a
diode and a transistor.

(111) Digital System Improvements that Link Multiple Digital
Corrections

(14) Auto Pre-Programmed Modules for Specific Functions
in Digital Imaging System

To process the functions specified in this integrated digital
imaging system, it is necessary for automated pre-pro-
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grammed modules to detect the specific lens type and the
specific digital sensor(s) used to assess the appropriate cor-
rections or alterations. The purpose of the pre-programmed
modules is to access a preset library of (a) typical corrections
of lenses, (b) typical scene types with appropriate exposure
modes, (c) specific effects that may be selected and (d) spe-
cific sensor functions. 1t is important to match a particular
lens to a particular sensor type so that adjustments are cali-
brated to this pairing. The processing software is stored in
either a microprocessor or an ASIC in order to process the
images after they are captured by the sensor but before they
are transferred to storage on a memory device.

In another embodiment, the system processes image cor-
rections after the digital data is stored and constantly accesses
the original stored data file in the production of a corrected
file. This process allows for immediate data processing and
storage which affords more time to accomplish specific cor-
rective functions. There are thus cases when real-time correc-
tives are neither necessary nor possible. Such increased pro-
cessing capability may also facilitate a more complete
corrective task.

In an additional embodiment, because similar correctives
and effects may be provided to images that share the specific
combination of lens and sensor, in order to accelerate the
process of optimizing the images, batches of similar images
may be processed together. This batch processing method
may include the creation of duplicate images for each image
captured, including a RAW image that contains no changes to
the native image capture and a simultaneous auto-corrected
image. The optimized image may be simultaneously com-
pressed, to maximize storage capabilities, while the RAW
image may be left uncompressed so as to maintain original
detail.

(15) Apparatus and Process for Affecting Pre-Sensor Optical
and Digital Corrections in Digital Imaging System

Given the nature of light transmission, not all optical cor-
rections are optimized by modification after the image is
captured by the sensor. Though a range of important correc-
tions and effects may be made after image capture, such as
correction for optical or digital aberrations, there are several
types of corrections that are required to be made before the
light reaches the sensor. One example of this pre-sensor digi-
tal correction involves the use of a low-pass or anti-aliasing
filter that resides in front of the digital sensor to minimize
moiré and aliasing digital problems (although the use of this
filter adversely affects image sharpness).

In the case of optical corrections, one class of filter that
requires use before the digital sensor is the polarizing filter,
because once light is captured on the digital sensor, the polar-
izing effect will not be available. Another type of correction
that involves use of a filter or lens before the digital sensor is
the close-up filter. This latter solution allows a lens’s closest
focusing plane to be closer to the front of a lens and has the
effect of diminishing the rear plane of the depth of field. The
close-up filter may be optimized for use with floating rear-
element group lenses which allow increasingly close focus-
ing. In one embodiment of the system, specific pre-sensor
optical filters may be used to provide polarization and close
up corrections. The use of in-camera optical (circular) polar-
ization would help standardize this valuable process and
eliminate the need to maintain several external polarizer fil-
ters for each lens mount.

Since the present system entails an embodiment which
uses nano-grids to perform specific exposure modifications
before the light hits the digital sensor, it is possible to use
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these nano-grids for the applications of polarization and
close-up filter. These filtration capabilities occur between the
lens and the digital sensor.

In order to optimize the use of pre-sensor filtration, an
image is initially tested and analyzed before the optimized
corrections are activated and the pre-sensor changes are
made. This process is analogous to the use of automated flash
photography in which a feedback mechanism is provided; a
scene is evaluated, and the initial flash data analyzed and
modified to correspond to the correct exposure before a final
flash is produced.

Because the camera system processes post-capture data, in
order to optimize images for optical and digital problems, as
well as continuously makes changes to pre-sensor filtration,
multiple ASICs work in parallel to make the conversion of the
image after capture. The use of parallel ASICs to perform
specific correction processes solves the problem of capturing
images and making post-capture corrections while simulta-
neously adapting the pre-sensor filtration system.

As an alternative embodiment of the system, a micropro-
cessor (and software) may perform specific pre-sensor adjust-
ments while the ASIC(s) performs specific corrective func-
tions. ln another embodiment, the ASIC(s) may perform the
specific pre-sensor adjustments while a microprocessor (and
software) will perform the specific corrective functions.

(16) Integrated Digital Imaging System for Optical and Digi-
tal Corrections with Feedback Dynamics

Because the present system consists of, and uses, complex
sub-systems, including an auto-focus mechanism, an auto-
exposure mechanism, a shutter mechanism, an automatic
flash mechanism, a digital sensor mechanism, a digital pro-
cessing mechanism and a digital storage mechanism, it is
possible to realize interaction dynamics that contain feed-
back. The interactive process of operating these sub-systems
involves a learning progression. The image is analyzed, solu-
tions are tested and an optimal solution is selected and imple-
mented, all in real time. By choosing a specific logic vector in
adecisiontree involving an initial variable, the process begins
again with another key variable in real-time until the final
image is captured and optimized.

In order to accomplish these complex processes, specific
variables, such as aperture data, shutter speed data, lens data,
digital sensor data and subject type are registered and ana-
lyzed by the camera. As environmental data changes, the
camera mechanisms adapt to the environmental and the pho-
tographer’s situation.

In order to accelerate these processes, the camera learns to
anticipate the user’s behaviors, the user’s preferences and the
subject’s behaviors. By providing user-adjusted setting modi-
fications for optical and digital corrections, the camera estab-
lishes a reference point for processing rapid image changes.
In particular, the camera’s software will analyze trends in the
user’s pattern of behaviors and preferences as well as pattern
changes in the subject’s behaviors. Anticipation processes are
programmed into the autofocus and automated flash systems
because of the extremely rapid reaction-time requirements of
these specific mechanisms.

In one embodiment of the system, a method of processing
a chain of rapid image captures is to employ computer-cach-
ing techniques in which a first image is processed in a normal
way while later images are processed in an accelerated way.
This is possible because the first image provides data to the
system to analyze; these data then allow the system to antici-
pate further similar images and to use similar auto-focus and
auto-exposure data. The optical and digital corrections are
performed in a batch fashion by applying similar changes to

W

40

45

w
w

24

near-identical image problems in order to dramatically accel-
erate the processing speed of a chain of images. This caching
and anticipation approach is very useful in fast-paced action
photography.

Another embodiment of the process of rapidly capturing a
chain of images in sequence employs multi-threading tech-
niques. Dividing the functions between specific subsystem
ASICs allows multiple corrections to be performed in a par-
allel cascade for efficient task completion. One advantage of
breaking down functions to specific processors is the acquired
ability to start on one function and, while the system is in the
process of completing a task, to begin other tasks. This pro-
cess eliminates the lag between the specific subsystems.

(17) Adaptive User Pattern Learning with User-Program-
mable Functions in Digital Imaging System

In order to optimize its functions, the camera needs to learn
about the user’s preferences. When the user uses the camera,
the camera evaluates the use patterns. Since the camera is
programmed with a database of common user patterns, it can
identify common uses and anticipate common uses of similar
users by employing a “collaborative filtering” mechanism
(i.e., if you like this camera setting, you should like this other
setting because similar users who have liked the first setting
have also liked the second setting). By anticipating common
uses of each camera user, the camera optimizes its functions
for each use and for each user. In effect, the camera’s learning
of user preferences is a sort of guided process of experimen-
tation. Evolving algorithms learn about the user from actual
use patterns.

One positive effect of this learning process of the camera
about the user’s patterns of behavior is that the filtration
process becomes adaptive. The camera builds an initial map
of the user’s preferences from the user’s actual selections.
From the starting point of common types of personal selec-
tions, the camera uses standard templates of main types of
uses that are fulfilled for each user’s applications. For
instance, if a photographer typically takes portraits with a
traditional portrait lens, the camera will be aware of this and
will activate filtration processes that are optimal for this type
of portraiture photography, such as instilling limited depth of
field on a subject and out-of-focus foreground and back-
ground. Contrarily, if landscape images are selected, depth of
field will be increased substantially and the lens focused on
either infinity or a medium point depending on the specific
type of subject matter. The camera builds a model for each
user based on the accumulation of experience.

In order for the camera to learn about the preferences of a
specific user, the camera must adjust to each particular user,
much as each individual identity must log onto a computer
network privately.

Since the dynamics of the combined subsystems are com-
plex, and adaptive, it is necessary that automated adjustments
be interactive. Once detection of the lens type, the sensor
type, the exposure settings, the user and the subject is made,
optical and digital distortions are identified and specific com-
binations of corrections are applied both before and after the
digital sensor in order to optimize the image. All of this is
accomplished in less time than the blink of an eye.

(18) Software Privacy Function in Digital lmaging System

Because digital camera systems are able to use software
and wireless mechanisms for their operation, it is possible to
activate aspects of the camera remotely. Conversely, it is
possible to disable operations of the camera remotely.

The present invention embodies a capability to externally
disable the camera remotely in specific locations that require
privacy, such as secret government areas (courthouses), pri-
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vate homes or businesses that are image-free zones. ln these
cases, a signal from an external source is provided to disable
the shutter from firing. This black-out capability will allow
external control of access to specific sites. As a condition of
access, only a camera with this feature may be admitted to
public buildings, so that even if the camera is permitted to
operate, permission is only conditional. For instance, the
owner of the building may allow the camera to function only
in a specific set of rooms but not in others. Cameras without
this feature may not be allowed in private spaces where con-
trol must be externally restricted.

This blocking feature will require the addition of specific
blocking software, which may be automatically downloaded
as one enters specific buildings. Similarly, in order to be
granted permission to access the camera, or specific functions
of the camera, the downloading of a “key” may be required.

Moreover, a further embodiment of the system may make it
necessary to download software keys to get access to filtration
capabilities in the camera in order to obtain optimum images.
For example, the user may be required to pay a fee to down-
load software in real time that will permit her to access a
particular function in the camera to obtain a critical image. A
spectrum of quality and complexity in filtration capabilities
may be made obtainable for a range of fees on-demand.
Therefore, the external downloading of software for the cam-
era need not be limited to a black out function.

(1V) Dynamic Digital lmaging System lmprovements that
Apply to Zoom Lenses and Video lmaging

(19) Dynamics of Zoom Lens Corrections in Digital Imaging
System

Whereas the optical aberrations of prime (fixed focal
length) lenses were discussed above, the modulation of opti-
cal aberrations of zoom lenses is another problem to consider.
As a wholly different species of lens, zoom lenses have
become extremely complex optical mechanisms consisting of
multiple groups of lens elements. The general problem with
zoom lenses is the trade-off that must be made: To minimize
the distortions of the widest possible focal length, distortions
become maximized at the longest possible focal length, and
vice-versa. Consequently, zoom lens architecture is inher-
ently compromised on image quality. Over the years, lens
designers have developed lens formulas that have dramati-
cally improved image quality and that compete with typical
prime lenses. As an example of this evolution in quality, the
class of 70-200 £/2.8 35 mm zoom lenses, now in their sixth
generation, has supplied substantial improvements over ear-
lier telephoto zooms. However, in general, zoom lenses have
more aberrations than primes and thus require increased opti-
cal corrections. The need to solve the problem of zoom lens
aberration correction is accentuated by their increased use in
photography because of their simplicity and versatility.

The dynamics of the zooming process present specific
difficulties for the purposes of correcting optical aberrations
in digital imaging systems. With fixed-focal length lenses, the
camera can detect the lens and provide an immediate consis-
tent modification for a varying range of apertures. In the case
of zooms, however, where the focal-length is not fixed, the
adjustments must correlate to the changes in the focal length.
In effect, this condition presents a continuous resampling
process. When combined with changing scenes, the zooming
process requires far faster responses to changing inputs by the
camera system. This process resembles the tracking of a
kaleidoscope’s changing image structures as the wheel on the
device is constantly turned.

In order to solve the problem of distortion at the wide-angle
part of select zoom lenses, manufacturers have been using
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aspherical elements which are complex shapes that require
special production techniques. On the other hand, in order to
solve the problem of chromatic aberration in select telephoto
lenses, manufacturers have used extra low dispersion glass
elements, particularly at the front of the zoom lens. Since
there are generally three main classes of zoom lenses—wide-
angle to wide-angle, wide-angle to telephoto and telephoto to
telephoto—aspherical elements have been used in wide-
angle zoom lenses, while extra low dispersion glass has been
used in the telephoto zoom lenses and both kinds of lens
elements have been included in the wide-angle to telephoto
zoom lenses.

The changing focal lengths of zoom lenses add a variable to
the complex set of variables of the interacting sub-systems in
the digital imaging system. The digital camera system must
therefore track the movement of the changes in the focal
lengths in zoom lenses and continuously make modifications
to the varied optical aberrations in these types of lenses.
Unlike in fixed focal length lenses, the aberrations change at
different focal lengths in zoom lenses, and the camera must
track these changes.

The present system is designed to make the corrections to
these changing aberrations in zoom lenses by noting the
changed focal length at specific times of each lens. For a fixed
focal length lens, the camera refers to a database of informa-
tion to provide information to correct specific types of aber-
rations; for a zoom lens, the camera’s database contains mul-
tiplex information for each focal length in each respective
zoom lens type. This is as if each zoom lens contains a
combination of multiple lenses of specific focal lengths.
When the zoom is moved to a new focal position, the camera
reads the lens as a specific focal length and makes corrections
to aberrations based on this specific setting. Although the
camera reads the zoom lens at a specific moment in time and
adjusts the necessary modifications to correct for aberrations
at that specific focal length at that time, overall the zoom lens
requires the camera to rapidly make these adjustments.

Since zoom lenses employ dynamic processes of change, it
is possible to track a moving subject in real-time by changing
focal length from a stationary vantage. These changed focal
length positions are tracked by the auto-focus system, but also
by the auto-exposure system in the camera. The present sys-
tem thus allows for zoom tracking in order to anticipate the
direction of zoom lens changes, much as the focus on the
moving subject involves focus tracking mechanisms. These
systems use fuzzy logic and evolutionary algorithms to antici-
pate the movement of the subject and thus of the focal length
change ofzoom lens. In this way it is possible to accelerate the
lens aberration correction process using zoom lenses.

Because the zoom lenses typically increase aberrations
precisely because of the lens design compromises, these types
of lenses are ideally suited to the present digital imaging
system. The present system allows the zoom lens to be used at
high quality without needing to stop down the aperture,
thereby resulting in superior photographic opportunities.

(20) Dynamic Changes in Video Corrections of Digital Imag-
ing System

While the zoom lens presents the need to provide a
dynamic solution to the process of making corrections to
optical aberrations, video photography provides another case
of'a process that requires dynamic solutions. The same prin-
ciples that apply to still photography apply to video; auto-
focus wvariability, aperture and depth-of-field variability
aspects, shutter speed variability aspects, differences in lens
focal length and artificial lighting variability suggest that
video be viewed as merely a very rapid (30 to 60 frames per
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second) application of still photography. Nonetheless, video
presents new classes of dynamic problems, most notably
regarding the matter of tracking changing subjects in real
time.

The process of shifting subject positions, even if the cam-
era is stationary, presents a change of multiple variables that
require the automated subsystems (auto-focus, auto-expo-
sure, auto-flash, etc.) to be integrated. Feedback is presented
by subjects in the external environment with changing focus
and exposure variables. In these cases, even with a modulat-
ing shutter speed, the three main variables of change are a
zoom lens to continuously change the focal length, auto-focus
to track a subject and aperture modifications to continuously
change depth-of-field.

The unique dynamics of these complex sub-systems pre-
sents particular challenges for a digital imaging system to
produce rapid results with the use of advanced ASICs and
microprocessors. By incorporating techniques that track
objects with advanced auto-focus mechanisms, anticipate
zoom lens changes and predict optimal exposures as well as
make automatic corrections to both optical and digital aber-
rations in real time, the present system continuously opti-
mizes the video imaging process.

(21) “Stationary-Scene Object-Motion” Caching Process,
with Application to Video, in Digital Imaging System

Because video imaging processes employ full motion
activity, particularly of subjects in the environment, tracking
a subject in a video system is problematic. Once a subject is
identified and selected, the subject is automatically tracked
with auto-focus and auto-exposure mechanisms by a zoom
lens apparatus. There is a particular need to identify and track
a subject within a broad stationary scene.

The present system accomplishes this task by using antici-
patory object-trajectory tracking. The parts of the stationary
scene that are not being tracked are cached. In other words,
precisely because the background of the scene is stationary,
this part of the scene is not tracked for focus or exposure. On
the other hand, the object in motion is identified and tracked
by subtracting the extraneous data of the stationary scene.
Multiple objects are tracked by comparing data about these
combinations of objects and their relations and determining
the appropriate exposure and focus settings.

While Monte Carlo processes use random settings to self-
organize an initial map, which are useful as a baseline for the
purpose of anticipating tracking data sets, the present system
subtracts the known information about the specific object(s)
being tracked from the stationary background in the environ-
ment. In other words, the background data is “blanked out” in
a caching process while the main subject(s) are tracked. By so
using these techniques, the camera system can efficiently
calculate the modifications needed to optimize the video
scene.

In a further embodiment of the system, a chip-set is enabled
in video display devices (i.e., video monitors) to implement
select corrections for optical and digital distortions. The user
may modify settings for automating the process of achieving
optimum video images.

(V) Digital Image Networking

(22) Network Coordination of Fixed Sensor Grid to Track
Multiple Objects in Digital Video Imaging System

While the previous discussion has focused on employing a
single camera to capture images, the present system is also
useful for networking sensors in a sensor grid in order to track
multiple objects. Specifically, the present system may be used
in surveillance and reconnaissance situations to track objects
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over time. Using a grid of image sensors with overlapping
range parameters makes it possible to organize a complex
network of sensors for surveillance activities.

After selecting specific objects to track, the system follows
the objects as they move from location to location, appropri-
ately modulating the focus, the lens focal length, the 1SO and
the exposure settings. As the subject moves from one section
of'a grid to another, the sensors are coordinated to “hand off”
the object to other sensors on the grid, much like a cellular
phone network hands off calls between cells.

In another embodiment of the present system, the cameras
in the network may be mobile instead of stationary in a fixed
sensor grid. In this case, self-organizing aspects of the mobile
sensor grid track mobile objects in real time. One application
of this complex system, which draws on earlier work in col-
lective robotics, is in cinematography, which requires mul-
tiple transportable perspectives of mobile subjects. The com-
plex dynamics of a mobile sensor network provides complex
feedback in this manifestation of the present system.

(23) Automatic Wireless Off-Porting of Back-Up Images to
External Data Bank

Because the present system uses digital files, it is possible
to move these files to an external site for storage. The present
system has capabilities to off-port images to an external data
bank automatically. This feature is valuable in order to pre-
serve on-board storage capability.

Whether implemented in a local area network (LAN) or a
wide area network (WAN), by using a built-in wireless router,
the present digital imaging system may be set to send data
files directly and automatically to hard-drive storage either in
a device in the same room or uploaded to the Internet for
storage around the world. This capability is critical for man-
aging massive files of large sensor data sets and preserving
valuable in-camera storage space. When automatically send-
ing data files to a nearby computer, the computer may act as
a data-port relay to automatically resend the images to an
Internet site for storage. The system will maintain the option
of'keeping some images in the camera and sending duplicate
copies of digital files of images to another site for storage as
abackup. This automatic back-up process provides insurance
for the photographer.

In another embodiment of the system, just as image files
are off-loaded to external storage, software files are periodi-
cally downloaded to the camera in order to update the camera
settings and the database system. For example, as the camera
manufacturer provides new lenses for the camera, it becomes
necessary to load new updated settings to accommodate cor-
rections for the new lenses. Similarly, as the camera requires
new software updates with improved algorithms to further
optimize the corrective functions of both the optical and digi-
tal mechanisms, the camera will automatically accept these.
This feature is particularly important to both manufacturer
and user because the ability to update software capability
periodically will protect a user from needing to upgrade
major hardware such as with a lens replacement.

(24) Image Organization System

The present digital imaging system does not merely allow
for the storage of image data files on external storage.
Because of the problems of protecting storage and the need to
make multiple back-ups in the digital sphere, it is also neces-
sary to store digital image files in multiple database locations.
The images are organized in a main database by various
criteria, such as time, location, subject-type, etc., and then
rerouted to various locations around the world for safe stor-
age. While specific sets of images may be stored together, the
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need to identify the locations is less important than the need to
have control of the main database list which identifies the
locations.

In order to maintain security, the digital imaging files may
periodically be rotated randomly between locations. Only the
main database list, which is constantly updated, maintains
information on their location. In fact, specific digital bits of a
single image may be maintained at different locations in order
to maintain further security. Thus, on many computers around
the world bits of each image may be stored, and continuously
rotated, with constantly updated registries maintaining their
complex hybrid whereabouts. These rotation storage func-
tions are performed by a randomizer logic engine.

In a further embodiment of the present system, once the
digital files are off-loaded from the camera system to external
storage, specific images may be automatically identified and
further specific corrections automatically provided.

In yet another embodiment of the system, the images that
are off-loaded from the camera to the external storage system
are organized according to various criteria, such as accuracy
of focus or exposure or quality of image type, in order to be
automatically prioritized. The camera, with the assistance of
an initial setting of user priorities, will automatically order
new images with a higher or lower priority relative to other
images and camera settings. Thus, at the end of a day, the
images may be displayed in an order preferred by the user.
Lesser images will be automatically routed to a lower position
as they do not meet specific criteria, and better images will be
routed to a relatively higher position in the organization of
files. This feature of automatically assisting in the organiza-
tion of the digital image files is a very useful one which will
save photographers time.

(25) Wireless Digital Image System Automatically Generat-
ing Prints from lmage Capture

The present digital imaging system not only automatically
off-loads digital image files to remote locations for storage;
the system also will allow one to photograph an image (or
sequence of images) in one location (i.e., Paris) and instantly
print it in another location (i.e., Los Angeles) for publication
in real time. In addition, an image may be captured by the
camera and instantly uploaded to a pre-programmed Web site
for publication by using wireless technologies. In addition, it
is possible to automatically print the digital image file any-
where in the world virtually the moment the image is taken.
This system makes this instantaneity particularly possible
precisely because the image corrections are automated in-
camera. Since there is no need in most cases to further edit the
image files, they are thus generally ready for immediate
release.

General Architecture and Dynamics

FI1G. 1 illustrates the overall structure of the system. Object
data (100) in the domain of objects being photographed by the
camera constantly change. In some cases, the lighting
changes, while in other cases, the positions of the objects
change. At 120 the flash will artificially light the objects.
Flashes may be either on the camera or remote from the
camera. A camera sensor (130) will detect external data
changes. An optical lens (110) feeds analogue imaging datato
the digital sensor(s) (175 and 180). 1n some cases, a mirror
(170) will swivel in order to directly input imaging data to the
digital sensor after the shutter (150) is fired. 1n some cases, a
filter (160) stands between the lens and the digital sensor(s).
A digital signal processor (DSP) (195) is connected to at least
one sensor (A or B). A database (190) is connected to at least
one sensor (A or B) as well. The digital sensors are connected
to an ASIC (195) and/or a microprocessor (193) in order to
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process the image and control the camera. The digital image
data is passed from the digital sensor to either the ASIC or
microprocessor and then stored in memory (197). The pres-
ence or absence of specific elements of this mechanism is not
required for the correct functioning of this system. Conse-
quently, a number of the drawings contained herein will focus
only on specific sub-assemblies of the overall digital imaging
system mechanism.

The present invention is intended to operate with a spec-
trum of camera types. These camera categories include digital
still cameras without a mirror mechanism or without an opti-
cal interface. The present system applies to cameras with
single lens reflex mechanisms. In addition, the present system
applies to video cameras, both with or without mirror mecha-
nisms, including camcorders. Finally, many of the functions
disclosed in the present system are integrated into specific
imaging sensors. The system applies to image sensors that are
integrated with complex system functions, including those
described herein, with “system on a chip” (SoC) capabilities
in a single microelectronic integrated circuit. The invention
also applies to networks of sensors, networks of cameras or
integrated networks of both sensors and cameras.

F1G. 2 describes digital image signal processing. After an
analog signal (200) is captured, it is converted to a digital
signal by an analog-to-digital converter (210). The signal is
then forwarded to the digital signal processor (220) and fil-
tered (230). The digital signal is then stored in memory (240).

In F1G. 3, the correction to the optical vignetting problem
is shown. In vignetting, the lens (300) makes the edges of the
image significantly darker as the light falls off, a phenomenon
particularly prominent on wide angle lenses. As represented
here, the concentric circles of filtration correction are darker
in the middle (310) of the image in order to counteract the
vignetting effect. The overall image aperture is reduced from
one half'to two stops in order to compensate for the maximum
light fall off depending on the amount of vignetting effect
from each lens type.

F1G. 4 shows a list of several different wide angle lenses in
a database. In the 35 mm domain, the 14 mm (400), 20 mm
(410), 24 mm (420), 28 mm (430) and 35 mm (440) lenses,
each with /2.8 apertures are listed in the database. Each lens
type presents a distinct formulation involving different sets of
optical data that require different aberration corrections.

The digital corrective process is described in F1G. 5. After
a specific lens type is identified (500) and a database is ref-
erenced (510), the lens type is matched with the specific
optical aberrations (520). The digital filter then applies a
correction to specific optical aberrations (530). As an
example, the vignetting effect is corrected by gradually dark-
ening the center of the image in concentric rings (540).

F1G. 6 shows the database configuration of several differ-
ent types of 24 mm £/2.8 lenses (600 to 630) with different
optical configurations. Each lens type has a different set of
manifestations of optical aberrations including vignetting
(640), spherical aberration (650), pin cushion distortion
(660), barrel distortion (670) and comatic aberration (680).
For each lens, there will be a unique combination of optical
aberrations compared to each lens type from different optical
configurations. The database is accessed to provide the multi-
objective optimization solution for correcting several difter-
ent optical aberrations for each specific lens formula.

In F1G. 7, after a camera captures an image (700) and uses
a digital sensor to create a digital file (710), the digital file is
forwarded to the digital signal processor semiconductor
(720). The DSP applies the filtration (730) to correct the
optical aberrations from the lenses. The revised digital file is
then sent to storage (740).
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Digital filtration is performed by employing the DSP hard-
ware as well as specific software in order to attain specific
aberration corrections. In an optical filter, which typically sits
at the front of a lens and performs a single function of modi-
fying the optical characteristics of the lens, the electronic
filter will process the image after it is converted from an
analogue representation to a digital signal. Common digital
filters include a low pass filter or anti-aliasing filter. In most
cases digital imaging filtration is a discrete time application
and is processed in a time-signal sequence.

One example of a digital filtration process is a fast Fourier
transform (FFT). The digital signal is modified by applying
an algorithm to extract the frequency spectrum. The original
function is then reconstructed by an inverse transformation of
the original signal. The signal can be manipulated to perform
various conversions. This process is used to sharpen or soften
an image. For instance, by differentiating the frequency spec-
trum, the high frequency can be emphasized by limiting the
low frequency, as in a high pass filter. Digital filtration is
typically performed by the DSP after the image is captured
and before the image file is stored. However, in the present
system, there is some filtration before the digital sensor that
captures the image as well as some filtration processing after
the sensor sends the file to the DSP.

In order to accelerate the filtration process, the digital file
will be broken into parts, with each part processed simulta-
neously. Filtering a one-dimensional image will treat data
from each column of a digital sensor separately. When the
data is treated like a two dimensional image, the data file may
be treated with different techniques. For instance, different
quadrants of the image may be analyzed and filtered sepa-
rately. In addition, the highlights and the shadows in the
varied frequency range may be analyzed and filtered sepa-
rately as well. Similarly, a two dimensional image file may be
analyzed by starting in a corner and working in each contigu-
ous quadrant in a circular (clockwise or counterclockwise)
order. Further, the filtration process may begin in the corners
and work inwards or begin in the center of the image and work
outwards. For instance, in wide angle lens filtration to correct
optical aberrations, the outer edges will be the most promi-
nent distortions that will require the most corrections; there-
fore, the filtration process will work by starting on the corners
first.

The present invention also addresses the multi-functional
corrections in an image by applying multiple simultaneous
techniques. This is done either by performing a sequential
filtration process or a simultaneous filtration process. In either
case, the image is re-filtered to make more than one pass in
order to correct different types of aberrations.

Different types of aberrations require different types of
filtration. 1In the case of pin cushion distortion and barrel
distortion, which are inverse appearing aberrations, the filtra-
tion process will adjust the edges of affected digital files
captured with wide-angle lenses. The optimized images will
be accessed by the database and compared to the actual image
files. The filtration will be applied to each image fileto closely
correct the distortions bit by bit. In effect, the corrected digital
images will be reverse engineered to discover the unique
distortions as they establish a pattern by comparing the input
digital images and the database of optimized images. The
digital image correction will be applied once the aberration is
assessed.

Each lens provides data to the camera microprocessor and
DSP about its unique characteristics. The lens is pre-pro-
grammed with aberration data pertaining to that lens type and
even to each particular lens (ascertained through a testing
process). The lens then provides this specific data to the
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camera for processing of optical aberrations. 1n one addi-
tional embodiment, the lens will also contain software to
correct its aberrations that will also be sent to the camera
processors in order to be applied to specific digital file filtra-
tion. As information and techniques are made available, new
software to ascertain and correct each lens’s unique optical
aberrations will be forwarded to the camera and stored in the
lens, thereby providing an upgrade path to continuously
improve the optical qualities of lenses by employing a sort of
after-manufacture digital correction.

F1G. 8 shows the process of selecting filtration settings.
After the user selects the specific filtration settings (800), the
user marks the specific filtration setting and accepts the set-
ting (810). The user may continue to select multiple settings.
When the user has selected all preferences (820) and accepts
the settings the user returns to the main menu.

In F1G. 9 varied depth of field optimization at different
apertures is described. In the first drawing, the object (930)
has a depth of field (940) that has a broad range of clarity
around the object. The camera (900) evaluates the distance
data (920) and the object to establish an optimal depth of field
range between f/8 and f/11. In the second drawing, the object
(980) has a narrower depth of field range (990) based on
distance data (970) and object data from the camera (950) to
determine an optimal depth of field range between /2.8 and
/5.6. The camera’s automatic alteration of the aperture to
narrow the depth of field is based on a range of factors,
including the focus on the object, the object’s motion, the
distance to the camera, shutter speed constraints and the light
on the object. Modulating aperture automatically in the cam-
era provides a blurring of the background and the foreground
so that the object can stand out without distraction.

Exposure optimization using digital correction is shown in
F1G. 10. After the camera assesses an object’s distance from
the camera (1000) and identifies the optimal aperture of the
image to maximize the dynamic range (1010), the aperture is
either increased (1020) or decreased (1030) and the correc-
tion applied (1040).

In-camera special effects filtration is illustrated in F1G. 11.
Once the image exposure is assessed by using the camera
exposure meter (1100), the camera corrects the image by
either underexposing the image by one third stops to one stop
if the image is overexposed (1110) or overexposing the image
by one third stops to one stop if the image is underexposed
(1120). The camera finally takes a picture and stores the
image (1130).

F1G. 12 shows the selective in-camera filtration of specific
objects. After the camera identifies specific objects (1200),
the camera assesses distance to the objects (1210). This is
done by sending out an infrared light signal, bouncing it off
the object, and measuring the distance data from the camera
to the object. The camera isolates the objects on a one-dimen-
sional FEuclidian plane (1220) and then selects the optimum
aperture to isolate objects and to blur the background and
foreground (1230). The camera tracks the motion of objects
(1240) and activates a digital sensor (1250) thereby capturing
the image. The image data is sent to a post-sensor processor
(1260) where the camera applies specific filtration only to the
designated objects (1265) and stores the file in memory
(1270). Alternatively, the camera will apply specific filtration
only to the background (not to the objects) (1275) and then
stores the file in memory (1280). The effect of only applying
filtration to an object or to its background is to isolate the
subject. The type and degree of special effects, which are
selected by user-adjustable in-camera software, will be deter-
mined by the user’s palate of filtration choices.
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Image exposure adjustment using in-camera filtration is
described in F1G. 13. Once the camera assesses a two stop
difference in parts of the image (1300), the camera’s micro-
processor accesses the database of similar scenes (1310) and
then selects the optimal metering for the image and the user
activates the digital sensor (1320), capturing an image. The
camera provides the filtration to part of the image by adjusting
the exposure in the processor (1330) and then stores the image
(1340). In scenes such as sky on top, a neutral density filter is
often required to remove the two stop difference between the
bright top ofthe image and the darker bottom ofthe image. By
reducing the brightness at the top, the exposure is evened out.
By using the present system, this process is accomplished in
the camera.

In-camera special effects filtration is described in F1G. 14.
After a user selects a special effects filtration technique
(1400), the camera assesses image meta-data (1410), ana-
lyzes image data (1420) and the user captures the image
(1430). The camera’s post-capture processor applies special
effects filtration technique to part of the image (1440) and the
camera stores the image in memory (1450).

Digital correction for sensor dust is described in F1G. 15.
The pattern of dust on the pixels of a digital sensor (1500) is
assessed. The specific pixels that are obscured by the dust are
identified (1510) and a map is built of a digital sensor pixel
frame by comparing information from at least two image
samples to identify obscured pixels (1520) and the camera
takes an image (1530). Information from pixels that are adja-
cent to dust-affected pixels are used to interpolate data on
affected pixels (1540) and image data is processed and stored
in memory (1550).

FIG. 16 shows an ASIC array in a digital imaging system.
Once the digital sensor (1620) captures an image, the digital
file is sent to multiple application specific integrated circuits
(1630, 1640, 1650 and 1660) for processing of several digital
signals simultaneously. In one embodiment of the invention,
each ASIC corrects a single optical aberration. In another
embodiment, the ASICs will divide the digital file and per-
form specific functions on parts of the image file and reunite
the file before storing the completed image in memory
(1670).

In F1G. 17, the camera is illustrated with multiple inter-
changeable digital sensors. The CCD (1720) is shown in the
forward position capturing the digital image in this drawing.
However, the CMOS (1730) digital imaging sensor may
swivel around (1740) to replace the position of the CCD in
order to be used to capture the image. The image is then
processed (1750) and stored in memory (1760). The advan-
tages of interchanging the digital sensors are to have the
opportunity to benefit from the strengths of each sensor type
without sacrificing the weaknesses of either. In some cases,
the scene will be optimized for the exposure range of a CMOS
digital sensor, while at other times, the scene will be opti-
mized for the detail of the CCD.

In F1G. 18, the nano-grid (1820) appears in front of the
digital sensor (1830). The lens will send analog image data to
the sensor through the nano-grid. Once the digital data from
the sensor is processed (1840) it is sent to memory (1850).
F1G. 19 shows a nano-grid (1900). Nanofilaments are shown
at 1920. The modulation effects of the nanofilaments are
shown at 1910. Nanofilaments will change their position in
order to allow more or less light through the system. Nano-
grids fit before, or in some cases, adjacent to and on top of the
digital sensor. Nano-grids behave as adjustable screens and
may be used to polarize light between the lens and the digital
sensor. Nano-grids are activated by electrical charge pulses
sent to nanofilaments.
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In F1G. 20, the feedback loop connecting the processor and
the nano-grid is shown. Analog optical data passes through
the nano-grid (2020) to the digital sensor (2030) to the pro-
cessor (DSP) (2040). A feedback loop (2050) is created by
analyzing the data at the processor and modulating the per-
formance of the nano-grid. For example, the image may be
very bright initially, but the DSP will require that the image
needs to be darker in order to be properly exposed. In this
case, it will activate the nano-grid to modulate its grid struc-
ture in order to darken the image so as to let less light through
the filaments by adjusting the filament structure. Once prop-
erly exposed, the camera will capture a digital image and send
the file to memory (2060) for storage.

In F1G. 21, a tri-pixel architecture is described. The large
(deeper) oval bucket in the center (2110) will capture high-
light exposure, the medium sized oval bucket at the right
(2120) will capture a normal exposure range and the small
(shallower) oval bucket at the left (2130) will capture the
shadow exposure range. These three separate wells are con-
tained within each pixel. In most cases, a pixel well is like a
bucket, capturing light data and passing the data sets to the
digital processor. By splitting the exposure range into three
distinct wells within each pixel, the data is more accurately
captured and organized in order to accommodate the broader
range of exposure data. This system will be able to increase
the range of digital imaging up to four stops, from the typical
two stops. By maximizing the range of exposure data, the
image collection will display more tonal range that is more
associated with films’ broader exposure range.

F1G. 22 shows the pre-programmed module for in-camera
functionality. After the camera detects the lens type and the
sensor type (2200), the camera focuses on an object (2210)
and the processor accesses the library of scene and filter types
(2220). The user pre-selects specific in-camera modifications
(2230) and activates the camera to capture an image (2240).
The processor makes filtration adjustments after the sensor
takes the image (2250) and the image file is stored (2260) in
memory.

Much like the nano-grid that is present before the digital
image sensor, the pre-sensor modification to an image is
shown in F1G. 23. An optical filter (2320) such as a polarizer
filter is shown in a position between the lens and the digital
sensor (2340). The image is captured and the optical filter is
activated by the processor (2350), which determines whether
to activate the filter after analyzing a particular scene. Other
filtration (2330), such as the use of the nano-grid, is also
interchangeable with the optical filter in a position before the
digital sensor. In another embodiment of the present inven-
tion, the filter assembly is sequential, with both, or multiple,
filters being activated in order so as to obtain the maximum
filtration effect. The DSP will compute the optimal combina-
tion of filtration resources based on the available resources in
the camera. 1n another embodiment, the optical filter assem-
bly will fit out of the line of sight between the lens and the
digital sensor and will be activated by the DSP on-demand to
swing into the optical image path much like a mirror mecha-
nism.

F1G. 24 shows the integration of optical and digital correc-
tions with feedback. Once the camera meters a scene (2400),
the camera auto-focuses and obtains distance data to the
object (2410), analyzes the lens data, the aperture data and the
shutter speed data and accesses the library of images (2420).
The camera assesses the optical aberrations (2430), activates
the digital filters to correct aberrations (2440) and takes the
picture (2450). The camera analyzes the image and optimizes
the image using the processor (2460). This is performed by
comparing the image data to the library of images and assess-
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ing the needed filtration required to optimize the image. The
image is then stored in memory (2470).

The interactive feedback mechanism of integrated correc-
tion is described in F1G. 25. After an analysis of the initial
image (2500), the identification of optical aberrations (2510)
is made. The camera’s database is accessed to retrieve the
corrections (2520) and the interactive feedback mechanism is
activated (2530). Corrections to filters are applied before the
sensor captures the next image (2540). In addition, correction
to the image signal via the DSP is made after the sensor data
is captured (2550) and the image is stored in memory (2560).

The adaptive user pattern learning process is shown as
images are processed in F1G. 26. A batch of images (2600,
2610, 2620 and 2630) is shown. The first image is processed
(2640) and data from image 1 is analyzed and metadata is
mapped (2650). Image 2 is then analyzed and its metadata is
compared to the image 1 metadata (2660). Similar metadata
in images 1 and 2 programmed in the processor (2670) and
image 2 is rapidly processed by using similar metadata from
image 1 (2680). Images 3 and 4 are analyzed and their meta-
data are compared to image 1 and rapidly processed (2690).

In FI1G. 27, the feedback process of filtering images is
shown. After the camera analyzes the user behaviors, user
preferences and subject behaviors (2700), the camera’s pro-
cessor analyzes trends in the pattern of user behavior and
preferences and creates a map (2710). The camera’s proces-
sor anticipates the user behavior and subject behavior (2720)
by applying evolutionary computation and fuzzy logic algo-
rithms. The camera’s processor then applies a collaborative
filtering process to a new image (2730) and the user takes and
optimizes the image (2740).

FIG. 28 shows a software privacy function in a digital
imaging system. The camera automatically downloads soft-
ware as it enters a building or specified area (2800). The
camera’s features are deactivated in specific locations by the
software (2810) while allowing the camera to perform spe-
cific camera functions by accessing software keys (2820).
The camera then performs specific functions (2830) that are
available in the restricted area while other specific functions
are disabled (2850).

In FIG. 29, the dynamics of zoom lens corrections are
described. After a lens detects a zoom lens type (2900), the
camera detects a particular focal length setting of the zoom
lens (2910) and accesses a data library in the database to
modify aberrations to optimize the zoom lens at a specific
focal setting (2920). The camera applies a correction to a lens
setting (2930) and continuously tracks the lens changes in the
lens focal length (2940). The camera then applies the changed
corrections to the changed focal lengths in the zoom lens
(2950) and analyzes patterns of the user and subject behaviors
(2960). Using fuzzy logic and evolutionary computation, the
camera anticipates behaviors and rapidly optimizes image
corrections by applying digital filtration (2970).

FIG. 30 shows object tracking in the dynamic changes of
video corrections. An object moves from position 1 (3010) to
position 6 (3060) in sequence. The camera (3000) is station-
ary, yet it records the object’s motion as it is moving within
the field of vision.

In F1G. 31, object tracking is described. Once the camera
tracks an object with auto-focus mechanisms and supplies
distance information (3100), it tracks the user’s zoom lens use
patterns, anticipates the focal length changes (3110) and,
using evolutionary computation and fuzzy logic algorithms,
predicts optimal exposures (3120) and captures images in real
time, continuously tracking the object (3130).

FI1G. 32 shows the caching process of a moving objectin a
stationary scene. After the main objects are tracked by the
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camera (3200), the background of'a stationary scene is cached
in the camera (3210). The camera subtracts the data about
objects from the background of the scene (3220). The back-
ground scene is then “blanked out” and cached in memory
(3230) and the main objects are optimized by applying digital
filters.

F1G. 33 describes the network coordination of a fixed sen-
sor grid tracking multiple objects. The object in motion is
represented in positions A through D (3370, 3380, 3390 and
3395). The fixed sensors are at positions 1-6 (3300, 3310,
3320, 3330, 3340 and 3350). The image data is fed remotely
into the central imager (3360). The sensors track the object by
taking image data at each fixed sensor position in the network.
As the object moves through the field of the network, each
sensor records the object.

In F1G. 34, wireless communication features of the digital
imaging system are described. The camera (3400) sends digi-
tal image data files wirelessly to a computer (3410). Files are
also uploaded from the camera to the Internet in accessible
locations (3450), while software files are downloaded from
the Internet to the camera, both automatically and through
manual intervention. Files are automatically downloaded if
the user sets the camera to receive automated software
updates. One advantage of loading files automatically to the
Internet is that the images are then automatically published
(3460) at a remote location, or locations, for viewing.

F1G. 35 describes an image organization system. After
images are captured by the camera (3500), the image files are
organized according to metadata in an external computer
database (3510). The image files are then sorted by category
and sent to the database of a distributed network (3520) for
off-site storage.

Reference to the remaining portions of the specification,
including the drawings and claims, will realize other features
and advantages of the present invention. Further features and
advantages of the present invention, as well as the structure
and operation of various embodiments of the present inven-
tion, are described in detail below with respect to accompa-
nying drawings.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes in their entirety.

What is claimed is:

1. A digital imaging system for image filtration compris-
ing:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the optical lens mechanism is a fixed focal length;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and the digital sig-
nal processor;

wherein the microprocessor is used to provide digital and
optical data to the digital signal processor;

wherein the system software is organized to identify spe-
cific optical aberrations and to access the database to
identify specific corrections to the aberrations;

wherein the system software forwards the data from the
digital sensor to the digital processor;
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wherein the digital signal processor selects a specific pro-
cedure to optimize the image and corrects the aberra-
tions;

wherein the data are forwarded from the digital sensor to
the digital signal processor by an application specific
integrated circuit;

wherein the digital signal processor applies a fast Fourier
transform to a data file in order to satisfy a user specified
special effects function;

wherein the digital signal processor modifies the data file
by applying the special effects function; and

wherein the modified data file consisting of the digital data
optimized from the aberrations that are corrected from
the original optical image is stored in memory.

2. The system of claim 1:

wherein the special effects function is a color enhancing
function.

3. The system of claim 1:

wherein the special effects function is a diffusion function
of soft effect.

4. A digital imaging system for image filtration compris-

ing:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the optical lens mechanism is a fixed focal length;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and digital signal
processor;

wherein the microprocessor is used to provide digital and
optical data to the digital signal processor;

wherein the system software is organized to identify spe-
cific optical aberrations and to access the database to
identify specific corrections to the aberrations;

wherein the system software forwards the data from the
digital sensor to the digital processor;

wherein the digital signal processor selects a specific pro-
cedure to optimize the image and corrects the aberra-
tions;

wherein the data are forwarded from the digital sensor to
the digital signal processor:

wherein a data file is analyzed by the microprocessor to
separate specific objects in the image using the differen-
tiation of the depth-of-field;

wherein the digital signal processor applies filtration only
to specific objects in the image;

wherein the aberrations of the specific objects are cor-
rected; and

wherein the digital signal processor forwards the modified
date file to storage in memory.

5. The system of claim 4:

wherein the subject is isolated by focusing on the subject
and narrowing the depth of field range by manipulating
the aperture.

6. The system of claim 4:

wherein filtration is applied only to the background of an
image exclusive of specific selected objects.

7. The system of claim 4:

wherein specific color filtration is applied to objects.

8. The system of claim 4:

wherein specific filtration applied to specific objects is soft
effects.
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9. A digital imaging system for image filtration compris-

ing:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and the digital sig-
nal processor;

wherein the microprocessor is used to provide digital and
optical data to the digital signal processor;

wherein the system software is organized to identify spe-
cific optical aberrations and to access the database to
identify specific corrections to the aberrations;

wherein the system software forwards the data from the
digital sensor to the digital processor;

wherein the digital signal processor selects a specific pro-
cedure to optimize the image and corrects the aberra-
tions;

wherein the lens type is a zoom lens;

wherein the lens focal length alternates from specific fixed
focal length lens settings in a succession of steps;

wherein optical aberrations are corrected with digital fil-
tration to modify multiple images from different focal
lengths in a succession of data files; and

wherein the modified data file consisting of the digital data
optimized from the aberrations that are corrected from
the original optical image is stored in memory.

10. The system of claim 9:

wherein as the zoom lens changes focal length positions,
the system anticipates the direction of zoom lens
changes to accelerate the filtration modifications.

11. A digital imaging system for image filtration compris-

ing:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system:

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and the digital sig-
nal processor;

wherein the microprocessor is used to provide digital and
optical data to the digital signal processor;

wherein the system software is organized to identify spe-
cific optical aberrations and to access the database to
identify specific corrections to the aberrations;

wherein the system software forwards the data from the
digital sensor to the digital processor:

wherein the digital signal processor selects a specific pro-
cedure to optimize the image and corrects the aberra-
tions;

wherein the system uses a video camera to capture moving
objects;

wherein the type of filtration applied by the digital signal
processor is applied to specific moving objects;

wherein the digital image that is captured is forwarded
from the digital sensor to the digital signal processer:

wherein a data file is analyzed by the microprocessor to
separate specific objects in the image using the temporal
differentiation of caching in which successive images
share geometric elements;
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wherein the digital signal processor applies filtration only
to a specific continuous object that is isolated and is in
motion; and

wherein the digital signal processor forwards the modified
data file to be stored in memory.

12. The system of claim 11:

wherein a specific continuous object is selectively filtered
with soft effects.

13. The system of claim 11:

wherein the background of the image is filtered indepen-
dently of the moving objects.

14. The system of claim 11:

wherein multiple moving objects arc tracked and differen-
tiation between objects is made by changing the depth of
field of the objects.

15. A digital imaging system for image filtration compris-

ing:

a digital camera mechanism, an optical lens mechanism,
digital sensors, a microprocessor, a digital signal pro-
cessor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and digital signal
processor;

wherein the microprocessor is used to provide digital and
optical data to the digital signal processor;

wherein the system software is organized to identify spe-
cific optical aberrations and to access the database to
identify specific corrections to the aberrations;

wherein the system software forwards the data from the
digital sensor to the digital processor;

wherein the digital signal processor selects a specific pro-
cedure to optimize the image and corrects the aberra-
tions;

wherein a network of digital imaging sensors is linked
together in a fixed structure;

wherein the network is coordinated to track specific objects
that are within its collective field of vision;

wherein the network captures images of objects using the
digital imaging sensors:

wherein the individual digital imaging sensors forward the
imaging data to a central digital signal processor:

wherein the digital signal processor selects a specific pro-
cedure to optimize the imaging data and corrects the
aberrations:

wherein a data file is analyzed by the microprocessor to
separate specific objects in the image using the temporal
differentiation of caching in which successive images
share geometric elements:

wherein the digital signal processor applies filtration only
to specific continuous objects that are isolated and are in
motion; and

wherein the modified data file consisting of the data opti-
mized from the aberrations that are corrected from the
original optical image is stored in memory.

16. The system of claim 15:

wherein as an object moves through the sensor network, the
system sensors are coordinated to hand off the object to
other sensors on the grid.

17. The system of claim 15:

wherein the background of the image in the sensor network
is selectively filtered.

18. A method of image filtration which comprises:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
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sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and the digital sig-
nal processor, the method consisting of;

forwarding the data from a digital sensor to a digital signal
processor by an application specific integrated circuit;

providing digital and optical data to the digital signal pro-
cessor;

identifying specific optical aberrations and accessing a
database to identify specific corrections to the aberra-
tions:

selecting a specific procedure from the database using the
microprocessor to optimize the image and correct the
aberrations:

applying digital filtration by using the application specific
integrated circuit and digital signal processor to correct
digital or optical aberrations:

applying a fast Fourier transform to a data file in order to
satisfy a user specified special effects function;

modifying the data file by applying the special effects
function using the digital signal processor; and

storing the data file in memory.

19. The method of claim 18 further comprising the step of:

applying the special effects function as a color enhancing
function.

20. The method of claim 18 further comprising the step of:

applying the special effects function as a diffusion function
of soft effect.

21. A method of image filtration which comprises:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and digital signal
processor, the method consisting of;

forwarding the data from a digital sensor to a digital signal
processor;

analyzing a data file by the microprocessor to separate
specific objects it the image using the differentiation of
the depth-of-field:

providing digital and optical data to the digital signal pro-
cessor;

identifying specific optical aberrations and accessing a
database to identify specific corrections to the aberra-
tions;

selecting a specific procedure from the database using the
microprocessor to optimize the image and correct the
aberrations;

applying digital filtration by using the application specific
integrated circuit and digital signal processor to correct
digital or optical aberrations:

correcting the aberrations of the specific objects in the
image by applying the digital signal processor filtration;
and

forwarding the modified data file from the digital signal
process to storage in memory.

22. The method of clam 21 further comprising the step of:

applying specific color filtration to objects.

23. The method of claim 21 further comprising the step of:

applying soft effects filtration to specific objects.
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24. A method of image filtration comprising:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and digital signal
processor, the method consisting of;

alternating the lens focal length of a zoom lens from spe-
cific fixed focal length lens settings in a succession of
steps;

creating data files corresponding to each focal length lens
setting;

forwarding the data from a digital sensor to the digital
signal processor;

providing digital and optical data to a digital signal proces-
sor;

identifying specific optical aberrations and accessing a
database to identify specific corrections to the aberra-
tions;

selecting a specific procedure from the database using the
microprocessor to optimize the image and correct the
aberrations;

applying digital filtration by using the application specific
integrated circuit and digital signal processor to correct
digital or optical aberrations;

correcting optical aberrations with digital filtration to
modify multiple images from different focal lengths in a
succession of data files; and

storing the modified data files in memory.

25. The method of claim 24 further comprising:

wherein as the zoom lens changes focal length positions,
anticipating the direction of zoom lens changes to accel-
erate the filtration modifications.

26. A method for image filtration comprising:

digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical lens mechanism
are corrected by applying digital filtration by using the
application specific integrated circuit and digital signal
processor, the method consisting of;

capturing moving objects using a video camera;

forwarding the data that are captured from the digital sen-
sor to a digital signal processor;

providing digital and optical data to a digital signal proces-
sor;

identifying specific optical aberrations and accessing a
database to identify specific corrections to the aberra-
tions:

selecting a specific procedure from the database using the
microprocessor to optimize the image and correct the
aberrations;

analyzing a data file by the microprocessor to separate
specific objects in the image;

using the temporal differentiation of caching in which suc-
cessive images share geometric elements;
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applying filtration only to a specific continuous object that
is isolated and is in motion by using the digital signal
processor;

correcting optical aberrations with digital filtration; and

storing the modified data file in memory by forwarding the
data file from the digital signal processor.

27. The method of claim 26 further comprising the step of:

filtering with soft effects a specific continuous object.

28. The method of claim 26 further comprising the step of:

filtering the background of the image independently of the
moving objects.

29. The method of claim 26 further comprising:

tracking multiple moving objects; and

differentiating between objects by changing the depth of
field of the objects.

30. A method for image filtration comprising:

a digital camera mechanism, an optical lens mechanism,
digital sensors, a microprocessor, a digital signal pro-
cessor, an application specific integrated circuit, system
software, a database management system and a memory
storage sub-system;

wherein the aberrations from the optical system are cor-
rected by applying digital filtration by using the appli-
cation specific integrated circuit and digital signal pro-
cessor, the method consisting of:

linking a network of digital imaging sensors together in a
fixed structure;

coordinating the network to track specific objects that are
within its collective field of vision;

capturing the network images of objects using the digital
imaging sensors;

forwarding the imaging data from individual digital imag-
ing sensors to a central digital signal processor;

analyzing the data in the images in the digital signal pro-
cessor by using the microprocessor to separate specific
images in the network;

providing digital and optical data to the digital signal pro-
cessor;

identifying specific optical aberrations and accessing a
database to identify specific corrections to the aberra-
tions;

selecting a specific procedure to optimize the image and
correct the aberrations;

applying digital filtration by using the application specific
integrated circuit and digital signal processor to correct
digital or optical aberrations;

modifying a data file by correcting optical aberrations with
digital filtration;

analyzing the data file by using the microprocessor to sepa-
rate specific objects in the image using the temporal
differentiation of caching in which successive images
share geometric elements;

applying filtration by the digital signal processor only to
specific continuous objects that are isolated and are in
motion; and

forwarding the consolidated data file to storage in memory.

31. The method of claim 30 further comprising the step of:

coordinating the hand off of the object to other sensors on
the grid as objects move through the sensor network.

32. The method of claim 30 further comprising the step of:

filtering the background of the image in the sensor network
by differentiating the objects.
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DIGITAL IMAGING SYSTEM FOR
CORRECTING IMAGE ABERRATIONS

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims the benefit of priority under
35 U.S.C. section 119 from U.S. patent application Ser. No.
11/825,521 filed on Jul. 11, 2007 and Provisional Patent
Application Ser. No. 60/807,065 filed on Jul. 11, 2006, the
disclosures of which are hereby incorporated by reference in
their entirety for all purposes.

FIELD OF THE INVENTION

The present invention pertains to imaging systems. The
invention presents electronic methods to optimize optical
processing, the digital capture of light and post-capture image
organization of digital data sets. The system may be used in
any device that captures, records, replicates, scans, repro-
duces, accesses, organizes, modifies, edits or stores images
digitally. The invention applies to any imaging system that
includes interaction between optics, digital image sensors,
post-capture integrated circuits and digital storage compo-
nents. The system includes self-organizing apparatus for opti-
cal image collection, electronic organization and optimiza-
tion of digital data using integrated circuits and software
applications. The system applies to consumer and profes-
sional still and video photography, including cinematogra-
phy, to the processing of images with digital sensors, and to
copying and scanning technologies. The system also applies
to complex grids of multiple video cameras and satellites for
surveillance and reconnaissance.

BACKGROUND OF THE INVENTION

The history of photography in the twentieth century is a
story of finding solutions for optimizing optical problems.
The main challenges have involved improving lens configu-
rations to optimize image quality for film capture. As an
example of this, lens aberrations have been reliably corrected
by creating aspherical lens elements in wide-angle lenses and
by creating apochromatic lens elements in telephoto lenses.
The use of lens element coatings has also improved optical
quality. Similarly, the evolution of zoom lenses has included
improvement in optical quality via the combining of complex
optical element configurations; as the optical quality of zoom
lenses improved dramatically, their simplicity and utility led
them to dominate lens sales. Complex computer-aided design
(CAD) software has been used to test a broad range of pos-
sible lens configurations so as to optimize the optical perfor-
mance in terms of clarity and contrast of each lens type, as
much as optically possible within economic constraints.

In the last twenty-five years, an additional revolution has
occurred with the advent of auto-focus (AF) technology in
still photographic and video cameras. Invented by Minolta in
the early 1980s, AF technology was a photographic applica-
tion of technology developed for the U.S. military. The AF
system used an infrared light sensor to reflect light onto an
object that allowed a camera’s lens to focus on the object by
employing a motor in the camera. Canon eventually devel-
oped improved methods of auto focus by using electronic
means (viz., micro ultrasonic motors) to increase speed and
accuracy. This AF technology was integrated with automatic
exposure (AE) technology which developed complex algo-
rithms in a “program” mode to combine shutter and aperture
data to match each lens with particular subject matter, as well
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as an aperture-priority exposure mode and a shutter-priority
exposure mode. Of course, the photographer could use
manual focus and manual exposure at any time, but these
improvements increased the creative process and the com-
petitive advantages of camera makers and photographers that
employed them. Ultimately, the combination of these devel-
opments allowed ordinary photographers to achieve high
quality standards.

AE was improved by Nikon, particularly with the use of'a
“3D color matrix” system, which included a library of pre-
programmed image types. The combination of the improved
AF and AE subsystems allowed a dramatic simplification of
photographic imaging because the photographer no longer
labored over the time-consuming focus and the exposure
variables. Automated film advance, in the form of built in
motor drives, increased the working speeds of camera opera-
tion as well. Nearly all consumer and professional cameras
became automated to some degree by the mid-1990s, includ-
ing formats beyond the 35 mm film standard.

In the last decade, a new technology of image stabilization
(IS) has emerged to help correct the problem of vibrations
caused camera shake that lead to image blur. This technology
is implemented in lenses by the use of gyros to reorient the
light plane to compensate for camera shake; when combined
with the earlier automated camera technologies such as AF
and AE, IS further improves the photographic experience,
particularly for larger lenses.

In addition to these advances in camera automation, tech-
nologies improved in the category of artificial flash as well.
With microprocessors and sensors employed to measure
minute variances, the development of photographic flash sys-
tems allowed the photographer to control the lighting in an
environment to some degree. Nikon’s use of distance infor-
mation in its flash system advanced the state of the art in flash
photography. The combination of AF and AE with automated
flash mechanisms provided increased efficiency and simplic-
ity in image capture processes.

The last several years have witnessed a revolution in digital
photography. Because of its simplicity, potential quality
improvement, immediate feedback and cost savings, digital
photography has captured an increasing market share relative
to film-based cameras. Kodak holds a number of patents
involving the charge coupled device (CCD) for converting
and recording light into electronic format. A competing tech-
nology for digital capture is complementary metal-oxide
semiconductor (CMOS) which, though developed by Fair-
child Semiconductor over forty years ago, is predominantly
used in photographic cameras by Canon. Although there are
trade-offs in the application of CCD and CMOS digital sen-
sors for image capture, they both find wide acceptance in the
market.

In order to correct for digital artifacts in image capture
mechanisms, anti-aliasing filters are placed in front of digital
sensors. Despite this improvement, digital imaging still has
some challenges to overcome in competing with the image
quality of film.

At the present time, the most recent advances in digital
imaging for professional still photography have come from
Hasselblad, which offers a Phase One camera back with a 39
MP digital sensor from Kodak. This system uses software that
automatically corrects for digital capture limitations to pro-
duce a quality image. Their “digital APO correction” (DAC)
technology performs an analysis of meta-data to color-correct
the digital capture resulting in moiré-free images.

At the limits of current technology, a Canadian company,
Dalsa, has produced a 111MP (10,560 by 10,560 pixels) CCD
digital sensor that measures four inches square. This technol-
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ogy must be mated with large format-type lenses with large
image area, and may be used for satellite surveillance appli-
cations and for other astronomical applications.

With both the larger sensor surface area of a medium for-
mat camera system and the high-quality fixed focal-length
lenses of Zeiss, Schneider and Rodenstock, the quality of
even the top optics will be a limiting barrier to advanced
digital sensors’ ability to perceive maximum resolution.
Without new improvements in optical and digital technolo-
gies, further progression of photographic camera systems
will be limited.

Photographic Problems

Though every major advance in photography has solved an
important problem, there are still remaining photographic
problems to be solved in order to meet the goals of optimizing
optical imaging quality while increasing simplicity and effi-
ciency and lowering cost. Despite the advent and evolution of
digital imaging, a number of problems have emerged in the
digital realm in addition to earlier problems involving optics.
Nevertheless, an opportunity exists to solve some of these
problems via digital approaches. These problems are gener-
ally categorized as optical or digital.

Optical Problems

In the case of optics, lens aberrations are characterized
according to lens type, with wide-angle lens problems difter-
entiated from telephoto lens problems. Some of the problems
affecting wide-angle lenses arose from the creation of the
single lens reflex (SLR) camera. Before the SLR, the rear
element of a lens could be placed in a rangefinder to protrude
to a point immediately in front of the film plane in order to
correct for aberrations. While the advantages of the mirror
mechanism include ability to see exactly what one is photo-
graphing, because the mirror of the SLR flips up during
exposure, the rear element of the lens must be placed in front
of the mirror’s plane of movement. This mechanical fact
limits lens designs in most 35 mm and medium-format cam-
era systems and particularly affects wide-angle lens configu-
rations.

It is very difficult to control the five aberrations of Seidel—
spherical aberration, distortion (barrel distortion and pin
cushion distortion), comatic aberration, astigmatism and cur-
vature of field. In wide-angle SLR lenses as they are currently
designed, these aberrations are particularly prominent.

For wide-angle lenses, optical vignetting affects peripheral
illumination. Though optical vignetting will affect even ret-
rofocus wide-angle lenses in rangefinders, it is particularly
prominent in SL.R cameras. According to the Cosine law, light
fall-off in peripheral areas of an image increases as the angle-
of-view increases. While optical vignetting can be reduced by
stopping down the lens, the aberrations in rectilinear wide-
angle lenses generally exhibit more distortion the wider the
lens.

In the case of wide-angle lenses, the depth of field range is
much broader, with close focusing causing aberrations with-
out stopping down the aperture. To solve this problem, close-
distance focusing is improved by the creation of floating
groups of lens elements. The rear lens group elements float to
correct close-distance aberrations. With wide-angle lenses
that have wide apertures, floating lens elements improve lens
aberrations in focusing on distance points also.

Modulation transfer function (MTF) curves represent a
quantitative methodology used to assess the resolution and
contrast of lens performance at specific apertures. Each lens
type has a specific lens element composition, formula and
behavior as measured by MTF. In general, MTF measures
lens sharpness to 30 lines/mm and contrast to 10 lines/mm.
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Because different colors of the visible light spectrum
behave uniquely, the goal of lens design is to have all colors
accurately hit a film plane or digital sensor plane. The par-
ticular challenge for telephoto lenses is that the red and green
light colors strike the film plane at different times than blue
light colors; thus a compensation must be made in the lens
configuration to adjust for chromatic aberrations. Camera
lens manufacturers have used extra low dispersion glass and
fluorite glass elements in telephoto lenses primarily to adjust
the red color light spectra to the film plane. In addition,
telephoto lenses use carefully designed lens coatings to limit
light diffraction-based aberrations.

Due to their construction, super-telephoto lenses are very
large and heavy. While modifying the materials used in the
lens barrels could reduce size and weight problems, a tech-
nological improvement in telephoto lens design was devel-
oped by Canon with the addition of diffractive optical (DO)
elements, which behave as a sort ot highly-refined fresnel lens
magnifier. Though the MTF analyses of wide-angle lenses
show dramatic latitude in performance of even high quality
SLR lenses, with particular loss in resolution and contrast
toward the edges of the image, high quality telephoto lenses
show control of aberrations. However, the price of these
lenses is prohibitively high.

In the case of zoom lenses, as many as four distinct groups
of lens elements correct various optical aberrations. These
lens element groups include (a) a focusing group, (b) a mag-
nification variation group, (¢) a correction group and (d) an
image formation group. Modulating the focal length range of
a zoom lens enables the lens to perform within the scope of
operation, yet the zoom lens architecture has limits. In par-
ticular, the zoom lens configuration sacrifices resolution and
wide potential aperture. Generally, the degree of resolution
and contrast at the smaller angle of view is traded away in
favor of competence at a wider angle of view, or vice-versa.
This explains why MTF analyses of zoom lenses generally
show a dramatic lowering in resolution and contrast relative
to excellent fixed focal length lenses.

Digital Problems

Digital photography has built on the edifice of film camera
systems. For instance, the size of the sensor is generally
limited to the size of the optical circumference of a lens
system. In the case of 35 mm lenses that are designed for a
specific angle of view, the largest that a digital sensor in a 35
mm lens system could be, is 24 mm by 36 mm, with a
corresponding maximum image circle of 43 mm. In the case
of medium format lenses, the largest digital sensors would
duplicate the corresponding film plane size, whether 6x4.5
cm, 6x6 cm, 6x7 cm, 6x8 cm, 6x9 cm, 6x12 cm or 6x17 cm
(which results in an effective image circle as large as 7
inches).

Digital sensors that are smaller than the limits of a corre-
sponding lens system have been introduced. For example,
Nikon digital sensors are smaller than 24 mmx36 mm, or
advanced photo system (APS) size. Efficient stacking of pix-
els allows a smaller sensor to eventually match the perfor-
mance of a corresponding film system, while using the
smaller circumference of the same lenses. Since the outside
edges of the lens typically degrade resolution and contrast,
this model using the smaller digital sensor can have an advan-
tage of using primarily the centralized “sweet spot” of the
image area. However, this smaller sensor size sacrifices the
peripheral effects of a wide-angle lens, so a 14 mm becomes
a 21 mm in a 1.5x conversion-sized sensor in a 35 mm lens
system. On the other hand, with telephoto lenses, the angle of
view is limited to the center 65% of the image. This gives the
appearance of upconverting a telephoto lens by 1.5x and thus
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provides an impression of increased magnification; a 400 mm
/2.8 lens appears as a 600 mm £/2.8 lens on a camera with a
cropped digital sensor. Ultra-wide-angle lenses have been
introduced with smaller image areas than 35 mm to compen-
sate for smaller sensor size.

Though invented over thirty years ago by Dr. Bayer, the
charge coupled device (CCD) that is used in many digital
cameras generally emulates the behavior of film. Specifically,
since most photographic film has three layers of green, red
and blue, with green representing fifty percent of the emul-
sion and red and blue twenty-five percent each, the CCD
architecture also configured pixels to capture fifty percent of
the green photonic visible light spectrum and twenty-five
percent each for pixels recording red and blue light. Human
eyes see more green than red and blue, so both film and digital
sensors seek to emulate the way that we see. Each light color
is captured by a different pixel in the CCD, just as there are
three emulsion layers of film. In recent years, Foveon has
developed a digital sensor for image capture that further seeks
to emulate film by structuring the pixels into three layers,
again with fifty percent capturing green light and twenty-five
percent each capturing red and blue light.

Unfortunately, unwanted artifacts are also captured by the
digital image capture process. These include banding and
moiré effects that present false patterns and colors. Moiré
patterns are created because the dot pattern of a sensor will
intermittently overlap with the pattern of a subject to create a
third pattern; these effects are optically-generated digital dis-
tortions that represent the effect of light hitting a pixel without
correction. In order to compensate for these effects, digital
sensors have employed low pass filters consisting of liquid
crystal structures; however, these filters tend to have the effect
of softening image resolution. Additionally, RGB or CMYG
color filters are placed in front of digital sensors to ensure the
accurate capture of colors.

CMOS digital sensors present an alternative to CCDs. By
employing alternating positive and negative transistor net-
works, the CMOS sensors use less power. While they do not
have the low noise ratio of the CCD, they do have greater light
exposure latitude, in both range of ISO and dynamic range of
detail in highlight and shadow. More importantly, CMOS
sensors contain the circuitry, including analog to digital con-
verter (ADC) and digital to analog converter (DAC), for post-
processing digital images on the chip itself and enabling
increased micro-miniaturization of the digital imaging pro-
cess. An increase in the bit rate of the CMOS chip up to 32-bit
makes possible a much richer color palate and level of detail
than with earlier generation CCDs.

CMOS sensors can be full-frame, matching the lens speci-
fications for the camera systems for which they are designed.
A relatively bigger sensor has a wider depth of field capabil-
ity, so the background can appear as a blur to set apart the
main subject. Given these capabilities, one problem that
emerges is that a digital sensor’s enhanced capabilities to
capture details may exceed the maximum optical resolution
capabilities of many lenses. Nevertheless, CMOS sensors still
require an anti-aliasing filter to be used in front of the sensor,
which marginally degrades resolution.

Over the years, cameras have gotten smaller. While in the
19" century cameras were 11x14 or 8x10, literally capturing
images on large emulsion plates, cameras oftoday are smaller
and more automated. Yet the larger the film size, the bigger the
enlargement potential and the increase in relative detail in the
overall image. Similarly in digital photography, the larger the
sensor, the more detail available and the bigger the output
print can be enlarged. Because of this correspondence of
digital sensor to film, the evolution of digital photography has
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been restricted to respective film camera systems, with 35 mm
and medium format systems dominating the field because
well-developed lens systems have already been organized for
these camera formats. The potential exists, however, to
develop 35 mm camera system digital sensors that rival film-
based medium format or large format camera system quality
or to surpass the limits of 35 mm camera systems with
medium format camera system digital sensors. The relative
size, cost and automation advantages of 35 mm camera sys-
tems generally show that these systems not only are competi-
tive, but that these markets are increasingly accelerated rela-
tive to larger format systems. For example, the development
of large aperture lenses, super-telephotos, rapid auto-focus,
refined automated exposure and image stabilization systems
in 35 mm systems has solved various problems that have
emerged in the last century and has improved image quality
and camera system efficiency.

However, in the digital imaging realm additional problems
have emerged, including the need to improve color (hue and
saturation) quality, exposure highlight range, contrast range
and other tonal adjustments. In addition, digital image cap-
ture brings its own set of aberrations, including moiré and
banding effects and noise and ISO range limits. Additional
aberrations are linked to the unique design of each type of
digital sensor, with trade-offs presented between types of
CCDs or CMOS chips. Moreover, there are still optical prob-
lems in the digital realm, namely, a range of optical aberra-
tions created particularly by wide-angle and zoom lenses as
well as the limits of very large, costly and heavy super-
telephoto lenses.

Inorderto transcend the optical and digital limits of present
camera systems, software systems have been developed that
deal with the problems in post-production. While the most
notable of these post-production digital editing software pro-
grams is Adobe Photoshop, each camera manufacturer has its
own proprietary program. In the main, these post-production
software programs are limited to color correction and sharp-
ening/softening of images. Additionally, some of these soft-
ware programs are able to emulate specific artificial filter
techniques to produce creative modifications of an original
image. Nevertheless, manipulating unfiltered RAW image
files in post-production processes is time-consuming and
expensive and requires considerable skill.

One unintended effect of using digital sensors to capture
images in digital photography is that dust accumulates on the
sensor surface and thereby obstructs a clear optical image.
The vacuum behavior of increasingly ubiquitous zoom lenses
moves dust in lenses that are not internally sealed and the
existence of dust is a prevalent feature of digital photography.
Dust on the sensor is a non-trivial problem that requires
tedious post-production correction for each image. The exist-
ence of dust on a digital sensor is an inconvenient impediment
to achievement of optical imaging quality.

What is needed to correct these various optical and digital
aberrations and unfiltered image files is in-camera modifica-
tion capability for each specific image problem. The present
invention describes a digital imaging system to optimize opti-
cal results.

APPLICATIONS OF THE PRESENT INVENTION

The present invention has several practical applications.
The digital imaging system applies to consumer and profes-
sional still and video camera technologies, to cellular tele-
phones and to personal digital assistants (PDAs). Since video
technologies are evolving into digital formats, including
HDTV and its successors, the present invention would be
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applicable to these technologies. The present invention also
applies to networks of remote camera sensors for surveil-
lance. The system also applies to native digital cinematogra-
phy and telecine conversion from analogue to digital media.
The system may be applied to image scanning and image
copying technologies. Finally, the present system may be
applied to any optical digital capture, processing and storage
sub-system technologies, including groups of sensors or sat-
ellites.

ADVANTAGES OF THE PRESENT INVENTION

There are several important advantages of the present
invention. The present system dramatically improves image
quality. This digital imaging system eliminates, or minimizes,
post-production processes. In addition, the system presents
substantial cost savings as well as time savings relative to
existing digital imaging systems because of the automation of
integrated in-camera optical and digital corrections of aber-
rations.

With the present system, in-camera digital filters will
largely replace optical filters. With less distortion, cost and
weight/size than current optical filters and with far more
control and quality results, the present system demonstrates
that in-camera digital filtration out-performs better than
external filters. The in-camera filter system is also an
improvement over post-production digital filter systems
which require substantial time, cost and skill to implement.

By using the present invention, users will be able to use
lens apertures that are wider open, because lens aberrations
will be corrected. In turn, this increased latitude will allow
more efficient (2+ stops) use of available light and will allow
slower lenses to achieve quality images that have traditionally
been in the domain of expensive fast lenses. The process of
photography will be made generally more efficient.

The present system allows camera manufacturers to design
different, predominantly smaller, lenses. Moreover, with pro-
viding a system for digital corrections, camera lenses may use
less expensive optics and still obtain good results. This pro-
cess will, in turn, accelerate the adoption of low-cost digital
photographic systems and, in the aggregate, increase the
overall size of the digital photographic market. Similarly,
there will be an increase in the effectiveness of zoom lenses,
which are already becoming popular. With the present sys-
tem, 35 mm optics may obtain the quality typically recog-
nized by 4x5 film camera systems. The present system will
thus facilitate photographic digital imaging to supplant the
film era.

Its application to digital scanning and copying will allow
the present system to become ubiquitous as a system to
improve imaging.

Because the system presents an integration of several criti-
cal subsystems that are centered on digital imaging processes,
the system has applications to video photography, satellite
systems and surveillance systems. The dynamics of the
operation of the subsystems of the present digital imaging
system reveal the refinement, efficiency and optimization of
the digital photographic paradigm.

Importantly, since the present system uses apparatus and
methods that are implemented with software processes, in-
camera software can be constantly upgraded and remotely
downloaded, while image files can be automatically
uploaded, organized and published.

If'the goal of the evolution of photographic technology is to
increase the number and quality of excellent images, the
present system will revolutionize photography.

W

10

20

40

45

w
w

8

Solutions to Digital Imaging Problems that the Present Sys-
tem Presents

The present system provides in-camera digital corrections
to both optical and digital aberrations. In the case of optical
aberrations, distinct lens-specific imperfections are caused by
wide-angle, telephoto and zoom lens types. In the case of
digital aberrations, specific digital artifacts, such as aliasing
and dust, must be corrected.

The present invention also designs specific improvements
to digital sensor design. These hardware architecture modifi-
cations allow digital imaging to maximize both optical reso-
Iution and image exposure range.

Post-capture in-camera filtration is only part of the solu-
tion. There is also a need to modify the digital sensor, whether
CCD or CMOS, with specific filtration in some cases, includ-
ing a low pass anti-aliasing filter and a polarizing filter. This
post-optic pre-sensor filtration works with post-sensor in-
camera filtration processes.

In the context of specific complex processes, such as in
zoom lens modifications of focal length and in full-motion
video processing, additional corrections are performed using
the digital imaging system which continuously optimizes
performance.

Finally, the present system reveals approaches to improve
network coordination and wireless external storage and pub-
lication capabilities for digital imaging systems.

BRIEF SUMMARY OF THE INVENTION

The present invention is divided into several main sub-
systems: (1) digital filters to correct optical and digital aber-
rations; (2) digital sensor improvements and nano-grids; (3)
digital system improvements that link multiple digital correc-
tions; (4) dynamic digital imaging system improvements that
apply to zoom lenses and video imaging; and (5) digital image
network improvements. There are several distinct improve-
ments for each category of sub-system listed.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a digital imaging system.

FIG. 2 is a flow chart of an analog to digital signal process.

FIG. 3 is an image of the vignetting corrective filter in an
optical lens.

FIG. 4 is a list of wide angle 35 mm lens types.

FIG. 5 is a flow chart of the digital corrective process.

FIG. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

FIG. 7 is a flow chart of the process of digital image
capture, processing and storage.

FIG. 8 is a flow chart illustrating the process of selecting
filtration settings.

FIG. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.

FIG. 10 is a flow chart showing exposure optimization
using digital correction in camera.

FIG. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

FIG. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

FIG. 13 is a flow chart describing the exposure adjustment
of an image using in-camera filtration.

FIG. 14 is a flow chart showing the process of in-camera
special effects filtration.

FIG. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.
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FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.

FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

FIG. 19 is a diagram of a nano-grid.

FIG. 20is adiagram showing the feedback loop connecting
the processor and the nano-grid.

FIG. 21 is a diagram illustrating the tri-pixel architecture in
a digital sensor.

FIG. 22 is a flow chart showing the pre-programmed mod-
ules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.

FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FIG. 29 is a flow chart showing the dynamics of zoom lens
corrections in digital imaging.

FIG. 30 is a diagram illustrating object tracking in dynamic
changes in video corrections.

FIG. 31 is a flow chart showing object tracking of a digital
imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE INVENTION

(D Digital Filters to Correct Optical and Digital Aberrations
(1) Lens-Specific Digital Correction of Fixed Focal-Length
Lens for Specific Optical Aberrations in Camera.

Each lens has some sort of aberrations because of the
trade-offs involved in producing lenses of usable size and
practical commercial cost. The challenge of building lenses
for SLR camera systems lies in accounting for particular
restrictions and compromises, particularly for wide-angle
and zoom lenses. In the case of wide-angle fixed focal length
lenses, several main kinds of aberrations occur, including
spherical aberration, distortion (pin cushion distortion and
barrel distortion), astigmatism, curvature of field (manifest-
ing as the reduced corner exposure of vignetting) and comatic
aberration (a distortion evident with long exposures). The
extremes of each of these aberrations have to be corrected in
post-production.

In the case of vignetting, a type of aberration in which the
corners of an image are exposed a stop less than the image’s
center area, software can digitally emulate a center-neutral
density filter to compensate for the light fall-off on the edges.
This operation identifies the degree of light fall-off for each
specific lens and adjusts the brighter areas in the center of the
lens by appropriate exposure compensation. A consequence
of'this digital equivalent of the traditional optical solution to
vignetting is that the image will require exposure metering of
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the subject at a level consistent with the outside edges of the
image rather than the typical inner section. In the present
system, the camera will use pre-set calculations compensat-
ing (generally one stop) for the specific gradations of the
curvature of the field for each lens, with an increasing com-
pensation correlated to an increased angle of view. Similarly,
barrel distortion and pin-cushion distortion, which also mani-
fest in image corners, are corrected using processes of
employing pre-set calculations, to compensate for optical
distortion, particularly in wide-angle and zoom lenses.

In addition to integrating into the camera the traditional
process of image correction for exposure gradations of
vignetting, the present invention offers two further embodi-
ments. First, instead of darkening the center to match the
darker corners, the in-camera digital compensation system
will lighten the corners to match the exposure of the center of
the image. In the second embodiment, the in-camera digital
compensation system will both lighten the corners somewhat
and darken the center of the image somewhat, to produce a
more pleasing and realistic effect. The in-camera digital cor-
rections of the vignetting problem dramatically improve the
traditional optical solution of a center-weighted neutral den-
sity filter, which typically degrades image quality as it evenly
illuminates the full image.

Since each lens has specific aberrations, depending on
manufacturer and even differences in the specimens them-
selves, the camera software system will have preprogrammed
general corrections for each specific lens type. For instance,
while a 20 mm 2.8 lens varies among manufacturers, the
general optical aberrations will be similar. An effective soft-
ware solution is one which brings the optical image quality to
alevel consistent with a benchmark as measured by low MTF
curves for each lens in its class in terms of both resolution and
contrast throughout the image. To exemplify this benchmark,
retrofocus rangefinder lens performance results of wide-
angle lenses, which lack a shutter mechanism to design
around, can be used for comparison. To accommodate the
mirror in the SLR design type, the rear nodal point in SLR
lenses are shifted forward, creating distortion. In contrast, the
present system suggests applying a digital solution to com-
pensate for this problem.

In a general sense, this process of correction is similar to
correcting an ocular astigmatism with reading glasses. How-
ever, rather than using an optical solution to an ocular prob-
lem, the present system reveals a digital solution to an optical
problem.

In the process, the camera identifies a specific lens and
refers to a database that matches the lens type with the specific
aberrations. The aberrations are consistent throughout all
images for each formula of a specific prime lens type and are
thus corrected by adjusting for each specific aberration cat-
egory. Generally, the larger the angle of view of a lens, the
greater the distortion and the greater the need for in-camera
digital corrections.

In addition to the kinds of distortions created in wide-angle
lenses, other types of distortion occur primarily in large aper-
ture telephoto lenses, most notably chromatic aberrations that
require apochromatic corrections. Rather than employing
large, heavy and expensive extra dispersion glass, such as
fluorite elements, the present system allows each lens type to
be digitally corrected for these types of aberrations. The in-
camera digital process works by identifying a specific lens
and comparing the lens pattern to an internal database. Math-
ematical calculations compensate for the shift in red and
green light that apochromatic corrections require for very low
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MTF curves registering high standards of resolution and con-
trast by emulating the optical benefits of extra low dispersion
glass elements.

Since lenses of the same focal length but with different
maximum apertures represent completely different lens
designs, modifications of their aberrations will vary relative
to each specific lens type. For example, a 24 mm 1/2.8 lens
will have a different optical formula than a 24 mm f1.4 lens in
a 35 mm camera system. Similarly, a 28 mm /2.8 will differ
fromboth a28 mm /2 lens and a 28 mm 1.4 lens and will thus
each require different adjustments for vignetting, spherical
aberration, pin cushion distortion, barrel distortion and coma.
In other words, each lens with a unique optical formula will
have specific aberrations, the corrections for which will be
accessible in a database.

Another type of optical aberration that affects lenses
involves flare, which is a sort of specific reflection of light
sources. While improvements in lens coatings have been used
to correct for flare, high refractive glass also eliminates flare.
The present system uses digital processes to emulate these
flare reduction functions on lenses even at maximum aper-
tures.

In addition to the lens-specific types of corrections that are
supplied by in-camera software, a function that optimizes
contrast provided by limited reflected light is required. In
general, lens hoods reduce reflected light. However, in the
absence of a lens hood, scattered light will adversely affect
contrast in all lenses. Thus, a general digital solution will
optimize contrast from reflected light by emulating the effects
of a lens hood.

Because the pixels on a digital sensor behave as neutral
intermediaries to record light, the aberrations on specific
fixed focal length lenses will be prominent. It is therefore
necessary to filter out various optical impurities. In all cases,
the digital in-camera software program emulates specific fil-
ters to effectively correct specific optical aberrations.

By digitally adjusting for optical distortions, the present
system advances the state of the art for fixed focal length lens
optics, beyond any opportunities available in film cameras.
The following chart illustrates a list of optical distortions that
are corrected by in-camera digital solutions.

Fixed Focal

Length Lens Type Zoom Lens Type

Specific Wide- Wide-  Wide-
Aberrations angle Telephoto angle to-Tele Telephoto
Spherical X X X

Comatic X X X X X
Astigmatism X X

Distortion (Pin X X

Cushion and

Barrel Distortion

Curvature of Field X X

Chromatic X X X
Flare X X X X X
Scattered light X X X X X
(Unpolarized)

Color Accuracy X X X X X
No Lens Coatings X X X X X

(2) Multivariate Digital Correction Using Matrix Filter Sys-
tem in Camera

Since typically several distinct aberrations exist in a lens, it
is necessary to correct each of the aberrations. For this multi-
dimensional problem there is a multivariate digital in-camera
software correction solution. The problem of correcting mul-
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tiple aberrations presents the additional challenge of requir-
ing acceleration to complete multiple tasks rapidly. In most
cases, the hardware employed in a camera’s chip set will
include an application specific integrated circuit (ASIC)
which processes a particular program rapidly. Itis appropriate
to facilitate the combination of corrections to multiple simul-
taneous aberrations with an ASIC or multiple ASICs.

There is a need to optimize both resolution and contrast
across the image area for accurate light reproduction. One
way to do this is to stop down the lens to an optimum aperture
of'about 1/8. However, this solution sacrifices the advantages
of a fast lens design and capability, namely, limited depth of
field and bokeh (smooth out-of-focus area). Though resolu-
tion is typically improved by stopping down a lens, digital
sensors are generally still restricted in their latitude of con-
trast. Therefore, regarding both resolution and contrast, it is
necessary to provide multiple adjustments of the native image
with in-camera digital corrections.

While it is possible to produce mathematical algorithms for
automatic correction of optical aberrations, it is also useful to
have manually adjustable variables. Therefore, the present
system includes a function whereby one may omit a specific
correction in an image by using a lens with multiple aberra-
tions in order to induce a particular creative effect. This factor
may involve a lack of exposure compensation, a lack of cor-
rection for spherical aberration or an improperly or partially
corrected apochromatic modification.

In one example of the use of multiple corrections, simul-
taneous application of multiple digital filters concurrently
corrects multiple aberrations. In effect, this is like adding
layers of different eye glasses to repair multiple types of
astigmatisms for each specific ocular condition. The dynam-
ics of correcting multiple simultaneous aberrations may be
complex, but since the number and type of aberrations are
constrained to a specific lens type, a centralized database may
be accessed with specific corrections for each respective aber-
ration. For example, lenses with multiple complex aberra-
tions, such as in very wide-angle lenses, will require multiple
corrections. These combinations of corrections become com-
plex as focal length modes change in zoom lenses and as
aperture changes.

The following is a list of filter types that provide digital
methods of correcting image problems or creating specific
effects. The list is not intended to be comprehensive or sys-
tematic.

Other
Filter Type in Digital App.  Most Common Uses Filter Types
UV (and Sky) General Use Polarizer
Color-enhancing 17 mm-200 mm (in 35 mm) Close-up

(and warming)

Contrast 17 mm-200 mm (in 35 mm) Special effects
filters
Black and White 17 mm-200 mm (in 35 mm)

(Red, Orange, Yellow,

Green)

Infrared 17 mm-200 mm (in 35 mm)
Color Graduated (Neutral 17 mm-200 mm (in 35 mm)
Density)

Diffusion 24 mm-135 mm (in 35 mm)

(Soft, mist/fog, star, streak)
Combinations (Neutral
density and enhancing,
Polarizer and UV)

17 mm-200 mm (in 35 mm)

In the past, these optical filtration processes were added
after the production process via editing software such as
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Photoshop. However, in the present system, these combina-
tions of processes are performed in-camera by user-adjusted
settings. In the case of artificial color changes to an image,
digital processes emulate specific optical filters by adding a
specific color or a combination of colors. On the other hand,
in the case of diffusion filtration, the in-camera digital process
creates an emulation of optical filters. The classic example of
this diffusion approach is the soft filter, which is used for
portraiture. In this case, various user-adjustable settings in the
camera digitally manipulate soft filtration.

(3) Depth-of-Field Optimization Using Digital Correction in
Camera

In addition to correcting optically-generated aberrations
with in-camera digital processes, the present system allows
in-camera depth-of-field (DOF) optimization by affecting the
aperture of the lens that is used.

DOF in an image is dependent on the aperture setting in a
lens, in which a moderate DOF range—allowing a subject to
be isolated in an image—can be manipulated, that is,
extended or narrowed, by the camera’s digital processing
capability. In the film paradigm, one obtains a specific aper-
ture, and thus the corresponding DOF, that is preset by the
photographer. However, in the digital paradigm, by contrast,
one can narrow an image’s surplus DOF range in-camera by
manipulating the aperture. This process can only be done in
the camera, because once the digital file is sent to post-
production editing, the aperture and DOF is already set and
incapable of being changed. The aperture is narrowed in
camera by isolating the subject and shifting the field of view
(forward from the rear range of DOF and backward from the
front range of the DOF). Distance information is used to
recalculate an optimal DOF. In another embodiment, the cam-
era provides feedback from an internal computational analy-
sis that results in a specification of less DOF and takes another
image (or images) with a larger aperture to accomplish
reduced DOF at a specific focus point.

The camera will effectively identify a type of subject and
provide an optimal aperture for this subject. For instance, for
a portrait, the camera will select a shallow DOF around the
subject. In the case of a distant landscape, the camera will
focus on a distance at infinity and provide a nominal aperture
to correspond to shutter speed that will fit the available light
as matched to a specific lens. A near landscape photographed
with a wide-angle lens will, on the other hand, have a near
focus and a maximum DOF; specific subjects will be high-
lighted with ample DOF. The camera will also have the capa-
bility to bracket exposures in several successive images based
on DOF variations.

The DOF manipulation thus depends on a combination of
data sets including the particular lens used (wide-angle lenses
have greater DOF at moderate distances than telephoto
lenses), the distance information and the unique combina-
tions of aperture and shutter speed. DOF will narrow with less
distance, with use of a telephoto lens and a fast aperture;
contrarily, DOF will expand with a further distance, with use
of'a wide-angle lens and a slower aperture.

In another embodiment of this process, test images are
taken and analyzed, then later images taken with new settings
optimize DOF for each image type.

(4) Exposure Optimization Using Digital Correction in Cam-
era

One phenomenon that film currently records better than
digital photo technology is exposure latitude. Film is capable
of greater exposure latitude than either CCD or CMOS digital
sensors, though each digital sensor type has strengths and
weaknesses. For the crucial detail recorded in a scene, film
provides far more depth of tonal range. Yet some of this
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problem—caused by the limits of digital sensors themselves
and the way that photons are recorded by electrically charged
pixels—can be digitally corrected and optimized in-camera.

The problem derives equally from the method of measur-
ing exposure as well as the method of image capture by a
digital sensor. In general, since there is less exposure latitude
in digital sensors, as compared to film, the maximum scope is
two or three stops in the image tonal range. Consequently, the
camera must meter the image within constraints of the tonal
range of the digital sensor, with the sacrifice of either shadow
detail or highlight detail. In an image with broad exposure
range, then, the image will generally be either too light or too
dark because metering for one area sacrifices the other tonal
category.

One way to solve this problem is to manipulate the lens
aperture, because increased aperture within an optimal limit
generally increases detail. An optimal aperture of /8 provides
more detail and clarity than at /2 or at £/32. The in-camera
processor may thus seek out more detail in the image by
manipulating the aperture to the optimal range of /5.6 to /11,
depending on the type of subject and the availability of light.
With more detail in the original image, it is possible to inter-
polate the digital data in the image file by increasing both
shadow and highlight detail and to gain an additional stop or
two of tonal range.

In another embodiment, the tonal range of an image data
set is enhanced in-camera by using meta-data to sample the
range of shadow and highlight detail. The data sets are inter-
polated to add requested shadow detail and/or highlight
detail. Obviously, some subjects require more or less shadow
or highlight (or both), which the camera can correspondingly
adjust. These tonal range corrections are user-adjustable.

In an additional embodiment of in-camera tonal range cor-
rections, exposure data are bracketed by manipulating the
aperture and shutter speed to lower or raise the overall expo-
sure in one-third to one-half stop increments. This bracketing
method may be correspondingly limited to a specific image
type. For instance, in a portrait, the extraneous background,
which ought to be out of focus, is not emphasized in the
exposure data, while the main subject is carefully nuanced for
balancing an optimum of both highlight and shadow, or for an
exclusive emphasis on either highlight or shadow.

The overall problem of limited tonal range in digital pho-
tography stems from mismatched exposure-metering mecha-
nisms of digital sensors with substantially restricted tonal
range capabilities. One interesting example of this problem
occurs in scenes with two or more stops of difference, such as
a landscape with sky on top and earth on bottom. A filtration
process will operate on the key parts of such an image, as
described above regarding the vignetting phenomenon; the
overexposed top half of the scene will be gradually underex-
posed while the lower half of the scene will be gradually
overexposed. This scene-specific adjustment of exposure
greatly increases the tonal range of digital images and is made
possible via analysis of the scene and comparison to a data-
base of typical scenes categorized by the in-camera digital
processor which effects correction using the methods
described herein. In this example, the corrective process emu-
lates the use of neutral-density optical filters.

(5) Special Effects Digital Filtration of Specific Objects

Though there are several main categories of special effects
optical filters, including color enhancing, infrared and diffu-
sion, the use of diffusion filters appears to elicit the most
dramatic effect. Diffusion filters are categorized as soft effect,
mist/fog, black mist, gold diffusion, and star and streak, with
various degrees of diffusion producing lesser or greater dis-
tortions. In effect, rather than removing optically-generated
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distortions, we are deliberately creating photographically
desirable distortions. It is possible to reproduce these special
effects by using the digital post-capture production processes
in the camera. In this case, the camera digitally emulates the
special effect by applying user-adjustable filter settings.

Portraits have traditionally used some sort of soft effect
filtration approach which is producible in the camera using
the methods described here. After the image is captured, the
camera analyzes the image’s meta-data and applies a correc-
tion by interpolating the data with specific filter emulation. In
the past, specific camera lenses, such as the 135 mm soft
effects (also called “defocus control”) lenses performed this
function optically with an included adjustable lens element.
This defocus control lens type will focus on the main subject
and a lens element setting of the telephoto lens to produce a
soft filter effect. In addition, because this lens type uses a nine
blade aperture, the background that is out of focus has a
pleasing bokeh in which the gradations of tone are evenly
smooth. Nevertheless, a sophisticated digital camera is able to
produce the same results with more information provided by
a normal telephoto lens, using the method of emulating spe-
cial effects in-camera.

Another novel special effect that is a further embodiment
of'the system is the ability of the in-camera digital corrective
system to use complex data sets contained and analyzed in an
image to create a three dimensional (3-D) representation of
the image. The camera creates a 3-D image by arranging the
DOF in a way that optimizes the aperture by using distance
information and autofocus data to isolate a subject. By
removing the foreground and background of the image as a
center of subject focus, the DOF will emphasize the subject
only as 3-D. The key to this effect is the application of specific
exposure data as indicated above, because it is in the
increased extension of the range of highlight and shadow that
the subject in the image will attain a 3-D quality in contrast to
its out of focus foreground and background.

An additional embodiment of the present system would
extend the still photography in-camera special effects to
video with full-motion ranges of filtration actions.

Finally, it is possible to combine different user-program-
mable special effects in-camera by adding the various types
of diffusion methods for a specific image.

(6) Selective in-Camera Filtration of Specific Objects

The combination of sophisticated auto-focus technologies
and in-camera auto-exposure systems provides the opportu-
nity to isolate a subject by focusing on the subject and nar-
rowing the DOF range by manipulating the aperture. In a
further extension of the subject-isolating capabilities of these
technologies, it is possible to digitally filter out specific
objects in a scene in-camera while focusing on other selected
objects that are in a specific range of DOF. In other words, one
may apply filtration to correct aspects of a single object or
only the background of a scene to the exclusion of an isolated
object, rather than correcting a whole scene. Selective filter-
ing of specific objects in an image by in-camera digital pro-
cessing affords greater creative flexibility.

Because the camera uses distance information to isolate a
specific object by focusing on the object within a range of
DOF, it is possible to isolate a particular object for the pur-
poses of applying a specific filtration preference, such as
manipulating the color, correcting the optical aberration (say,
if the object is in a corner of the image of a wide-angle lens),
providing a special effect (such as a soft effect only on a
specific object rather than the scene as a whole) or using some
combination of these corrections. Once the camera isolates
the selected object (using auto-focus mechanisms and dis-
tance information), the user selects programmable correction
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features to perform a corrective function only on the specific
object (or only on the parts of the scene that are exclusive of
the object). In a further embodiment, contrastively, once the
object is isolated, only the background may be selectively
manipulated with filtration, achieving pleasing effects. This
in-camera corrective feature provides a powerful tool to rap-
idly manipulate an image without using post-production edit-
ing software tools.

These object-specific in-camera selective filtration capa-
bilities are particularly dramatic with fast-moving action pho-
tography in which split-second timing produces the preferred
complex effects. Selectively identifying a particular object
for intensive combinations of filtration is a highlight of the
present system.

(7) Digital Correction in-Camera of Intermittent Aberrations
Caused by Dust on Digital Sensor

Dust on a digital sensor is a major concern for photogra-
phers. The use of zoom lenses compounds this condition,
because as the zoom lens changes focal-length positions, air
is transmitted, which results in the proliferation and diffusion
of sensor dust. Unless photography is isolated to a clean
room, the problem of dust on a digital sensor will remain
prevalent. The present system provides a method to correct
for this phenomenon.

In the case of dust on a sensor, a specific consistent pattern
emerges on each image captured by the digital sensor. Con-
sequently, information from various images is analyzed, and
the pixels affected by dust are identified. Information from the
consistent fixed pixel positions that are affected by the dust
are then isolated. The specific positions with the dust are then
analyzed by comparing the immediate areas surrounding the
dust that are not affected by it. These unaffected areas are
analyzed, and the affected areas are interpolated to provide a
continuous tone. In effect, the images identify the locations
with dust by using caching technology. The continuity of the
location of the dust between multiple images provides infor-
mation to the in-camera image processor to detect the specific
pixel locations. The camera will then apply a corrective pro-
cess to the isolated dust locations with adjoining exposures by
interpolating these distinct locations for each specific image
configuration.

In another embodiment of the present system, “hot” (too
bright) or “dead” (too dark) pixels are interpolated out of the
scene using the method described above. Unlike hot or dead
pixels, dust is a similar but temporary version of the same
problem of an artifact that requires in-camera modification. In
effect, a map is built to discover, isolate and interpolate bad
pixels, which are a permanent problem revealing a key limitin
digital sensor technology. Separate maps are constructed for
permanent pixel dysfunctions and temporary pixel aberra-
tions (viz., dust). In both cases, the camera works from these
maps to correct the aberrations on a pixel-level.

In a further embodiment of the present system, Monte
Carlo analysis is applied to the problem of identifying the
location of dust on specific pixels (or partial pixels) by ran-
domly creating an initial map from information of at least two
contaminated images.

In still another embodiment of the present system, the
process of modifying pixel aberrations (either permanent or
temporary) uses a sequence of operation which begins by
correcting the major aberrations first, then repairing the minor
aberrations, thereby maximizing efficiency. This is done by
starting the corrective process in a specific location of the
image and moving to other positions in an efficient pattern.
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(8) Sequence of Corrections for Multiple (Optical and Digi-
tal) Types of Aberrations in Camera

Since it is evident that multiple digital filtration approaches
may be used for specific types of problems or aberrations or to
achieve specific effects, it is clear that a combination of the
techniques may be employed simultaneously on specific
images. The present invention allows the various optical and
digital corrections to be performed in camera in a sequence of
actions. The user selects the various combinations of func-
tions required to be performed, inspects the effects, and
chooses the most effective combination of effects. Thus the
invention offers a combinatorial optimization of the totality
of corrective filtration approaches.

After the images have been taken, it is possible to inspect
them in the camera using the camera’s image read-out. This
makes it possible to create new files, or to adapt a RAW file,
in real time, by manipulating the various corrections in
sequence. This post-image-capture in-camera editing process
allows multiple corrections to be applied to a range of optical
and digital aberrations by combining various specific correc-
tive techniques.

In some cases, the user can pre-set specific corrections. For
instance, to correct for optical aberrations, a user may leave
this function on permanently. In other cases, such as selective
filtration of a specific object or optimization for DOF or
exposure, there may be discriminating use of specific correc-
tive functions. In the case of selective user choice, it is pos-
sible, by using the present invention, to select a priority
sequence of corrections in layers. While specific select layers
may be permanently activated, for example to automatically
adjust specific optical aberrations, additional sets of layers
may be manually selected in order to modify the specific
aspects of each image, particularly to adjust or correct digital
aberrations. This process can be performed with a single
microprocessor, multiple microprocessors, multiple ASICs
or a combination of microprocessors and ASICs.

An additional embodiment of the system provides multiple
combinations of corrections and effects via multiple indepen-
dent ASICs, which only perform specific functions, working
in parallel. The various tasks are divided into specific-func-
tion ASICs for rapid processing. The advantage of this
approach is accelerated processing speed in performing mul-
tiple simultaneous functions.

(II) Digital Sensor Improvement and Nano-Grids
(9) Interchangeable Digital Sensor System Using Both CCD
and CMOS to Optimize Best Results

Because the main digital sensor types of CCD and CMOS,
like film types, each have benefits and detriments, it is some-
times advantageous to provide the utility of both sensor types
in a camera system. With the exception of a video camera,
which employs three CCDs, the use of multiple sensors has
not been adopted. Two generations ago, however, the idea of
using a twin reflex camera for medium format photography
was implemented. In this case, though focus was coupled
between the lenses, one lens was used to see the subject, while
the other lens took the picture. This method was used to obtain
the benefits of a rangefinder camera with a single lens reflex
camera.

The use of two types of sensors in a camera is compelling,
because the user benefits from the strengths of both. In the
present invention, one sensor is selected from among at least
two different types of sensors that are rotated to an active
position by the user. One advantage of this approach is that if
one sensor experiences a problem, there is a reserve sensor
available at the push of a button.

This capability usefully exploits the strengths of each par-
ticular sensor. For instance, in situations in which high reso-
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Iution is required, a CCD may be preferable, while in cases in
which increased tonal range or low noise is preferable, a
CMOS sensor may be preferable. With this approach, a cus-
tomer does not need to choose between different types of
sensors.

The process of interchanging the two chips is performed by
placing the two chips on either fagade of a plane that “flips”
over (i.e., rotates 180 degrees) upon demand to obtain the
requirements of the chosen chip type. This mechanism would
fit behind an SL.R’s mirror and could easily be performed as
long as the mirror is in the “up” position. In another embodi-
ment, the chip exchange process can occur by sliding alter-
nating chips into a sleeve from a single location and replacing
the non-utilized chip(s) into the reserve compartment. In
either event, the camera will detect the chip exchange and will
automatically reprogram software functions and settings for
the usable chip.

(10) Nano-Grids for Selected Pixels on CCD or CMOS Inte-
grated Circuits to Optimize Selective Modifications of Expo-
sure, ISO and Aberrations in Digital Photography

Digital sensors consist of arrays of pixels, arranged in
rows, which behave as tiny buckets for converting photons to
electrons. As the pixels fill up with light, they are able to
discern slight differences in color and exposure and transfer
the energy, in the form of electrons, to storage. Charge
coupled devices (CCDs) have been the predominant form of
digital sensor because they use a form of electronic charge
which creates the behavior of a bucket brigade of transferring
data, once the buckets in a row are filled up, to successive
rows for digital data storage of the electronic charge sets.
CMOS digital sensors may be structured with larger bucket
pixels, which can increase the depth of the light captured and
thus the latitude of light exposure that is stored. However, for
the relatively larger buckets to provide increased photon cap-
ture capacity, it is necessary to control the width of the open-
ing in the top and the width of the buckets so that the amount
of light captured may be modulated.

The present invention introduces a key advance in the
ability of digital sensors, particularly CMOS sensors, to
modulate the size of the openings of the pixels. Specifically,
the present system provides for a nano-grid, or a very small
matrix of filaments, which fits over the sensor. The nano-grid
is carefully calibrated to match the rows of pixels on the
sensor so as to limit the amount of light that each of the
buckets may receive. Use of the nano-grid allows a selective
closing of the large buckets in order for photons to be
restricted. Selective modification of specific pixels on the
neutral grid makes it possible to identify specific sets of pixels
to correct for various exposure or lens aberrations.

In this embodiment of the present system, data about a
specific lens are provided to the camera in order to correct
specific lens aberrations, while exposure data is used to
modify image capture using nano-grids for optimum image
performance.

Nano-grids may be selectively switched at different pixel
sites, akin to continuously programmable field program-
mable gate array (CP-FPGA) semiconductors, which modify
architecture in order to optimize effective operation by con-
stantly manipulating the chip’s gates.

Nano-grids may be used for specific image modes, for
example, nocturnal imaging, which requires more time to
read a sufficient amount of light. In this case, a specific
software module may provide lens and exposure data to the
camera, which then determine the precise composition of
nano-grid correction to provide to specific sets of pixels on
the digital sensor. In effect, nano-filaments move to positions
to eftectively block out the full capacity of the pixel buckets
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and thus change the pixel effects. With use of preset nano-grid
positions for particular applications, the identification of spe-
cific vectors of nano-filaments is performed, and exposure
adjustments are made on specific images in hardware.

The nano-grid is overlaid over the surface of the pixel
architecture. The nano-grid is used not only in specific pre-set
positions, but it also provides feedback to the post-capture
system for analysis and repositioning to achieve the desired
effects. One effect of the nano-grid is to manually expand or
narrow the range of a set of pixel buckets; this process in turn
effectively modifies not only the exposure range but also
sharpness at high ISO, thereby dramatically reducing noise.
Consequently, it becomes possible, by modifying the pixel
bucket width and height, to obtain extremely sharp images
with excellent contrast and tonal range even in poor lighting,
a feat heretofore impossible.

The nano-grid performs these mechanical functions by
moving the nano-filaments in an arc, like expandable wind-
shield wipers. Though nano-grids are particularly useful in
CMOS chips, they are also useful with CCDs. In fact, with the
advent of nano-grids, CCD pixel size (and density in pixel-
rows which will affect the overall sensor size) may be
expanded and thus made substantially more versatile.

In a further embodiment of the present invention, multiple
screens, or grids, would be placed over the digital sensor. The
use of multiple nano-grids provides increased capacity to
perform the function of closing off the pixel buckets and, in
fact, to completely close off selected pixels to make the image
effect completely dark. The combinations of nano-grids
behave as multiple screens that move left and right to achieve
the desired effect. Although there is a need to periodically
calibrate the screens to effect their precise positions, this
system will employ an electric charge to push the nano-
filaments to the desired locations.

Nano-filaments move to block the space allowing photons
to hit the pixel in order to limit the amount of light capacity
available to the pixel. The complete darkening of the pixel
will result in a total black color in the resulting image.

Exposure data feedback is provided to the digital sensor to
effect the precise positioning of the nano-grid(s). In a further
aspect of the present system, the camera’s computer will
anticipate the exposure data by statistically extrapolating
from the pattern created by at least three data sets. A micro-
processor (or ASIC) controlled nano-grid mechanism will use
the feedback to anticipate specific nano-grid positions in
order to optimize the exposure and corrective functions.

In one application of the nano-grid, the problem of vignett-
ing in wide-angle lenses may be solved by activating nano-
filaments in nano-grid(s) primarily in the corners to correct
for the darkening from the limits of the optical aberrations,
while still maintaining very low noise in a high ISO (low
light) photographic situation. The use of the nano-grid would
thus contribute to solving multiple problems.

Nano-grids will also be useful in accurately correcting for
both color and exposure detail. In fact, with nano-grids, the
capacity of digital sensors’ range should be substantially
increased, because the chips’ pixel bucket sizes can be modu-
lated. Therefore, not only will the lighting and color be accu-
rate, but sharpness and optical aberrations will also be opti-
mized, in ways not possible before.

(11) Integrated Nano-Grids in Digital Sensor

In a further embodiment of the system, nano-grids may be
integrated into the digital sensor. In this form of the nano-grid,
the nano-filaments are constructed within the pixel buckets in
order to increase their accuracy and responsiveness. The
nano-filaments mechanically move in various directions to
perform the main operation of modulating light into their
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respective pixels. This method of organizing nano-grids and
nano-filaments increases the rapidity of response to feedback.
In effect, each pixel has a mask, or flexible lid, contained in it,
which may open and close, to allow more or less light into the
pixel bucket.

The integrated nano-filaments are activated by oscillation
between positive and negative charges. In the context of a
CMOS sensor, the transistor networks oscillate between posi-
tive and negative charges. This architecture allows a “push-
pull” design of nano-filaments in which the negative charge
“pulls” and the positive charge “pushes” the activation of the
nano-filaments. This charge-enabled nano-grid (CENG)
advantageously allows modulating gates (i.e., filaments) inte-
grated into the pixel to reduce spaces between pixels, thereby
allowing more pixels to be packed on the same surface area.
The net benefit of the use of integrated CENG filaments is that
specific sets of nano-filaments will produce specific effects
on-demand and allow far more tonal detail than has been
possible before.

In a further embodiment of the present system, sophisti-
cated digital sensors may contain combinations of nano-grids
that appear on top of the sensor as well as nano-grids that are
integrated into the digital sensor. This combination will pro-
vide maximum latitude for processing the greatest effect
available.

(12) Combinations of Nano-Grids and Digital Corrections
Applied to Digital Imaging System

Whereas it is possible to exclusively implement nano-grids
to control the amount of light penetrating specific pixels, and
it is possible to exclusively provide digital corrections as
specified above regarding correcting optical or digital aber-
rations, a further embodiment of the present invention com-
bines the two processes in order to optimize imaging.

Combining these two complex processes makes it possible
to modify pixel capacity to maximize exposure latitude, to
expand exposure modification and to apply digital correctives
for optical and digital aberrations. Hence selective exposure
far beyond the limits of present film or digital photography is
made possible. The restrictions of film can thus be tran-
scended by using the present system, whereas use of a static
and limited digital system would not be sufficient to facilitate
these complex corrections.

The unique combinations of these processes also illustrate
a complex system that provides feedback from both the envi-
ronment and the photographer. The photographer may select
preset exposure settings that will activate a range of options in
both the nano-grids and the digital corrective system, while
the lens aberration corrective system is automatically imple-
mented. Once the camera detects specific conditions, such as
a broad range of exposure latitude, from very bright to very
dark, in the scene, it computes the precise number and loca-
tion of nano-grids needed to modulate the pixels for optimum
exposure with highlight and shadow detail and extreme
sharpness, even in relatively low light. The dynamics of these
multiple processes present trade-offs in selecting the best
available set of selected modifications.

(13) Tri-Well Pixels

As indicated above, one of the key problems with current
digital sensors involves dynamic range. There is a need to
limit the scope of the space in the pixel well, into which light
is captured, then converted into electrons. The challenge with
current technologies is to balance details in shadow and high-
light areas, particularly to acheive low noise at relatively high
ISO speeds.

In addition to the concept of nano-grids, both in surface
screen and integrated embodiments, as specified in (10) to
(11) above, the present system introduces the notion of three
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side-by-side differentially-sized buckets within each pixel
intended to optimize dynamic range for increased sensitivity.
In the most common configuration, the three different-sized
buckets are arranged with the largest bucket (in both width
and height) in the center, with the second and third largest
buckets on either side. The buckets are elliptical and concave
in architecture to increase efficiency of fitting together in a
round pixel structure. Their structures are semi-circular and
elongated. The largest and tallest bucket will be tasked with
maintaining the details in highlights, and the smallest will be
tasked with maximizing the details in shadows, while the
mid-sized bucket will be tasked with maintaining the middle
range of exposure details. The pixel will have data from all
three buckets available, but will select the data from one or
more buckets depending on the exposure details.

The system is analogous to the high fidelity sound technol-
ogy in speakers with crossovers, whose several frequencies
are used by the tweeters, mid-range(s) and woofers; the cross-
over point at which the frequency changes from one compo-
nent to another can be modified based on the specific mechan-
ics of each component.

In the case of the multiple buckets in a single pixel, the
buckets are connected by filaments to a central grid which
captures and stores the electrons. When the photographic
scene displays increased light, image data from the larger
buckets are selected to be recorded by the processor, while in
cases of darkness and increased need for sensitivity, the
smaller buckets are selected to be recorded; the mid-sized
bucket is used in normal light situations of most cases. Fur-
ther, this multi-aspect architecture can use pixels in varying
positions on the sensor differently, particularly to facilitate
processing far more dynamic range and to produce uniform
tonal range in scenes that vary more than two or three stops.
This novel multi-aspect model solves a number of key prob-
lems involving exposure dynamics in digital photography.

In another embodiment of the system, there may be more
than three buckets in a pixel, so as to divide out the functions
further and create even finer tonal continuity. In a further
embodiment of the system, several pixels in a super-pixel
allow red, green and blue colors to be segregated by each
sub-pixel. This approach will be useful particularly in CCD
semiconductors because of limits of this architecture, which
require coupling circuitry between pixels to pass a charge
between rows of pixels. In this case, outputs will vary
between the micro-pixels to facilitate the differential process-
ing required.

While cases of two side-by-side pixels might solve these
exposure latitude problems, they represent an inadequate
solution, much as a speaker with only two components limits
the dynamic range output dramatically in contrast with a
speaker with five components. This is similar to comparing a
diode and a transistor.

(IIT) Digital System Improvements that Link Multiple Digital
Corrections

(14) Auto Pre-Programmed Modules for Specific Functions
in Digital Imaging System

To process the functions specified in this integrated digital
imaging system, it is necessary for automated pre-pro-
grammed modules to detect the specific lens type and the
specific digital sensor(s) used to assess the appropriate cor-
rections or alterations. The purpose of the pre-programmed
modules is to access a preset library of (a) typical corrections
of lenses, (b) typical scene types with appropriate exposure
modes, (c) specific effects that may be selected and (d) spe-
cific sensor functions. It is important to match a particular
lens to a particular sensor type so that adjustments are cali-
brated to this pairing. The processing software is stored in
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either a microprocessor or an ASIC in order to process the
images after they are captured by the sensor but before they
are transferred to storage on a memory device.

In another embodiment, the system processes image cor-
rections after the digital data is stored and constantly accesses
the original stored data file in the production of a corrected
file. This process allows for immediate data processing and
storage which affords more time to accomplish specific cor-
rective functions. There are thus cases when real-time correc-
tives are neither necessary nor possible. Such increased pro-
cessing capability may also facilitate a more complete
corrective task.

In an additional embodiment, because similar correctives
and effects may be provided to images that share the specific
combination of lens and sensor, in order to accelerate the
process of optimizing the images, batches of similar images
may be processed together. This batch processing method
may include the creation of duplicate images for each image
captured, including a RAW image that contains no changes to
the native image capture and a simultaneous auto-corrected
image. The optimized image may be simultaneously com-
pressed, to maximize storage capabilities, while the RAW
image may be left uncompressed so as to maintain original
detail.

(15) Apparatus and Process for Affecting Pre-Sensor Optical
and Digital Corrections in Digital Imaging System

Given the nature of light transmission, not all optical cor-
rections are optimized by modification after the image is
captured by the sensor. Though a range of important correc-
tions and effects may be made after image capture, such as
correction for optical or digital aberrations, there are several
types of corrections that are required to be made before the
light reaches the sensor. One example of this pre-sensor digi-
tal correction involves the use of a low-pass or anti-aliasing
filter that resides in front of the digital sensor to minimize
moiré and aliasing digital problems (although the use of this
filter adversely affects image sharpness).

In the case of optical corrections, one class of filter that
requires use before the digital sensor is the polarizing filter,
because once light is captured on the digital sensor, the polar-
izing effect will not be available. Another type of correction
that involves use of a filter or lens before the digital sensor is
the close-up filter. This latter solution allows a lens’s closest
focusing plane to be closer to the front of a lens and has the
effect of diminishing the rear plane of the depth of field. The
close-up filter may be optimized for use with floating rear-
element group lenses which allow increasingly close focus-
ing. In one embodiment of the system, specific pre-sensor
optical filters may be used to provide polarization and close
up corrections. The use of in-camera optical (circular) polar-
ization would help standardize this valuable process and
eliminate the need to maintain several external polarizer fil-
ters for each lens mount.

Since the present system entails an embodiment which
uses nano-grids to perform specific exposure modifications
before the light hits the digital sensor, it is possible to use
these nano-grids for the applications of polarization and
close-up filter. These filtration capabilities occur between the
lens and the digital sensor.

In order to optimize the use of pre-sensor filtration, an
image is initially tested and analyzed before the optimized
corrections are activated and the pre-sensor changes are
made. This process is analogous to the use of automated flash
photography in which a feedback mechanism is provided; a
scene is evaluated, and the initial flash data analyzed and
modified to correspond to the correct exposure before a final
flash is produced.
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Because the camera system processes post-capture data, in
order to optimize images for optical and digital problems, as
well as continuously makes changes to pre-sensor filtration,
multiple ASICs work in parallel to make the conversion of the
image after capture. The use of parallel ASICs to perform
specific correction processes solves the problem of capturing
images and making post-capture corrections while simulta-
neously adapting the pre-sensor filtration system.

As an alternative embodiment of the system, a micropro-
cessor (and software) may perform specific pre-sensor adjust-
ments while the ASIC(s) performs specific corrective func-
tions. In another embodiment, the ASIC(s) may perform the
specific pre-sensor adjustments while a microprocessor (and
software) will perform the specific corrective functions.
(16) Integrated Digital Imaging System for Optical and Digi-
tal Corrections with Feedback Dynamics

Because the present system consists of, and uses, complex
sub-systems, including an auto-focus mechanism, an auto-
exposure mechanism, a shutter mechanism, an automatic
flash mechanism, a digital sensor mechanism, a digital pro-
cessing mechanism and a digital storage mechanism, it is
possible to realize interaction dynamics that contain feed-
back. The interactive process of operating these sub-systems
involves a learning progression. The image is analyzed, solu-
tions are tested and an optimal solution is selected and imple-
mented, all in real time. By choosing a specific logic vector in
adecisiontree involving an initial variable, the process begins
again with another key variable in real-time until the final
image is captured and optimized.

In order to accomplish these complex processes, specific
variables, such as aperture data, shutter speed data, lens data,
digital sensor data and subject type are registered and ana-
lyzed by the camera. As environmental data changes, the
camera mechanisms adapt to the environmental and the pho-
tographer’s situation.

In order to accelerate these processes, the camera learns to
anticipate the user’s behaviors, the user’s preferences and the
subject’s behaviors. By providing user-adjusted setting modi-
fications for optical and digital corrections, the camera estab-
lishes a reference point for processing rapid image changes.
In particular, the camera’s software will analyze trends in the
user’s pattern of behaviors and preferences as well as pattern
changes in the subject’s behaviors. Anticipation processes are
programmed into the autofocus and automated flash systems
because of the extremely rapid reaction-time requirements of
these specific mechanisms.

In one embodiment of the system, a method of processing
a chain of rapid image captures is to employ computer-cach-
ing techniques in which a first image is processed in a normal
way while later images are processed in an accelerated way.
This is possible because the first image provides data to the
system to analyze; these data then allow the system to antici-
pate further similar images and to use similar auto-focus and
auto-exposure data. The optical and digital corrections are
performed in a batch fashion by applying similar changes to
near-identical image problems in order to dramatically accel-
erate the processing speed of a chain of images. This caching
and anticipation approach is very useful in fast-paced action
photography.

Another embodiment of the process of rapidly capturing a
chain of images in sequence employs multi-threading tech-
niques. Dividing the functions between specific subsystem
ASICs allows multiple corrections to be performed in a par-
allel cascade for efficient task completion. One advantage of
breaking down functions to specific processors is the acquired
ability to start on one function and, while the system is in the
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process of completing a task, to begin other tasks. This pro-
cess eliminates the lag between the specific subsystems.
(17) Adaptive User Pattern Learning with User-Program-
mable Functions in Digital Imaging System

In order to optimize its functions, the camera needs to learn
about the user’s preferences. When the user uses the camera,
the camera evaluates the use patterns. Since the camera is
programmed with a database of common user patterns, it can
identify common uses and anticipate common uses of similar
users by employing a “collaborative filtering” mechanism
(i.e., if you like this camera setting, you should like this other
setting because similar users who have liked the first setting
have also liked the second setting). By anticipating common
uses of each camera user, the camera optimizes its functions
for each use and for each user. In effect, the camera’s learning
of user preferences is a sort of guided process of experimen-
tation. Evolving algorithms learn about the user from actual
use patterns.

One positive effect of this learning process of the camera
about the user’s patterns of behavior is that the filtration
process becomes adaptive. The camera builds an initial map
of the user’s preferences from the user’s actual selections.
From the starting point of common types of personal selec-
tions, the camera uses standard templates of main types of
uses that are fulfilled for each user’s applications. For
instance, if a photographer typically takes portraits with a
traditional portrait lens, the camera will be aware of this and
will activate filtration processes that are optimal for this type
of portraiture photography, such as instilling limited depth of
field on a subject and out-of-focus foreground and back-
ground. Contrarily, if landscape images are selected, depth of
field will be increased substantially and the lens focused on
either infinity or a medium point depending on the specific
type of subject matter. The camera builds a model for each
user based on the accumulation of experience.

In order for the camera to learn about the preferences of a
specific user, the camera must adjust to each particular user,
much as each individual identity must log onto a computer
network privately.

Since the dynamics of the combined subsystems are com-
plex, and adaptive, it is necessary that automated adjustments
be interactive. Once detection of the lens type, the sensor
type, the exposure settings, the user and the subject is made,
optical and digital distortions are identified and specific com-
binations of corrections are applied both before and after the
digital sensor in order to optimize the image. All of this is
accomplished in less time than the blink of an eye.

(18) Software Privacy Function in Digital Imaging System

Because digital camera systems are able to use software
and wireless mechanisms for their operation, it is possible to
activate aspects of the camera remotely. Conversely, it is
possible to disable operations of the camera remotely.

The present invention embodies a capability to externally
disable the camera remotely in specific locations that require
privacy, such as secret government areas (courthouses), pri-
vate homes or businesses that are image-free zones. In these
cases, a signal from an external source is provided to disable
the shutter from firing. This black-out capability will allow
external control of access to specific sites. As a condition of
access, only a camera with this feature may be admitted to
public buildings, so that even if the camera is permitted to
operate, permission is only conditional. For instance, the
owner of the building may allow the camera to function only
in a specific set of rooms but not in others. Cameras without
this feature may not be allowed in private spaces where con-
trol must be externally restricted.
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This blocking feature will require the addition of specific
blocking software, which may be automatically downloaded
as one enters specific buildings. Similarly, in order to be
granted permission to access the camera, or specific functions
of the camera, the downloading of a “key” may be required.

Moreover, a further embodiment of the system may make it
necessary to download software keys to get access to filtration
capabilities in the camera in order to obtain optimum images.
For example, the user may be required to pay a fee to down-
load software in real time that will permit her to access a
particular function in the camera to obtain a critical image. A
spectrum of quality and complexity in filtration capabilities
may be made obtainable for a range of fees on-demand.
Therefore, the external downloading of software for the cam-
era need not be limited to a black out function.

(IV) Dynamic Digital Imaging System Improvements that
Apply to Zoom Lenses and Video Imaging

(19) Dynamics of Zoom Lens Corrections in Digital Imaging
System

Whereas the optical aberrations of prime (fixed focal
length) lenses were discussed above, the modulation of opti-
cal aberrations of zoom lenses is another problem to consider.
As a wholly different species of lens, zoom lenses have
become extremely complex optical mechanisms consisting of
multiple groups of lens elements. The general problem with
zoom lenses is the trade-off that must be made: To minimize
the distortions of the widest possible focal length, distortions
become maximized at the longest possible focal length, and
vice-versa. Consequently, zoom lens architecture is inher-
ently compromised on image quality. Over the years, lens
designers have developed lens formulas that have dramati-
cally improved image quality and that compete with typical
prime lenses. As an example of this evolution in quality, the
class of 70-200 £/2.8 35 mm zoom lenses, now in their sixth
generation, has supplied substantial improvements over ear-
lier telephoto zooms. However, in general, zoom lenses have
more aberrations than primes and thus require increased opti-
cal corrections. The need to solve the problem of zoom lens
aberration correction is accentuated by their increased use in
photography because of their simplicity and versatility.

The dynamics of the zooming process present specific
difficulties for the purposes of correcting optical aberrations
in digital imaging systems. With fixed-focal length lenses, the
camera can detect the lens and provide an immediate consis-
tent modification for a varying range of apertures. In the case
of zooms, however, where the focal-length is not fixed, the
adjustments must correlate to the changes in the focal length.
In effect, this condition presents a continuous resampling
process. When combined with changing scenes, the zooming
process requires far faster responses to changing inputs by the
camera system. This process resembles the tracking of a
kaleidoscope’s changing image structures as the wheel on the
device is constantly turned.

In order to solve the problem of distortion at the wide-angle
part of select zoom lenses, manufacturers have been using
aspherical elements which are complex shapes that require
special production techniques. On the other hand, in order to
solve the problem of chromatic aberration in select telephoto
lenses, manufacturers have used extra low dispersion glass
elements, particularly at the front of the zoom lens. Since
there are generally three main classes of zoom lenses—wide-
angle to wide-angle, wide-angle to telephoto and telephoto to
telephoto—aspherical elements have been used in wide-
angle zoom lenses, while extra low dispersion glass has been
used in the telephoto zoom lenses and both kinds of lens
elements have been included in the wide-angle to telephoto
zoom lenses.
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The changing focal lengths of zoom lenses add a variable to
the complex set of variables of the interacting sub-systems in
the digital imaging system. The digital camera system must
therefore track the movement of the changes in the focal
lengths in zoom lenses and continuously make modifications
to the varied optical aberrations in these types of lenses.
Unlike in fixed focal length lenses, the aberrations change at
different focal lengths in zoom lenses, and the camera must
track these changes.

The present system is designed to make the corrections to
these changing aberrations in zoom lenses by noting the
changed focal length at specific times of each lens. For a fixed
focal length lens, the camera refers to a database of informa-
tion to provide information to correct specific types of aber-
rations; for a zoom lens, the camera’s database contains mul-
tiplex information for each focal length in each respective
zoom lens type. This is as if each zoom lens contains a
combination of multiple lenses of specific focal lengths.
When the zoom is moved to a new focal position, the camera
reads the lens as a specific focal length and makes corrections
to aberrations based on this specific setting. Although the
camera reads the zoom lens at a specific moment in time and
adjusts the necessary modifications to correct for aberrations
at that specific focal length at that time, overall the zoom lens
requires the camera to rapidly make these adjustments.

Since zoom lenses employ dynamic processes of change, it
is possible to track a moving subject in real-time by changing
focal length from a stationary vantage. These changed focal
length positions are tracked by the auto-focus system, but also
by the auto-exposure system in the camera. The present sys-
tem thus allows for zoom tracking in order to anticipate the
direction of zoom lens changes, much as the focus on the
moving subject involves focus tracking mechanisms. These
systems use fuzzy logic and evolutionary algorithms to antici-
pate the movement of the subject and thus of the focal length
change ofzoom lens. In this way it is possible to accelerate the
lens aberration correction process using zoom lenses.

Because the zoom lenses typically increase aberrations
precisely because of the lens design compromises, these types
of lenses are ideally suited to the present digital imaging
system. The present system allows the zoom lens to be used at
high quality without needing to stop down the aperture,
thereby resulting in superior photographic opportunities.
(20) Dynamic Changes in Video Corrections of Digital Imag-
ing System

While the zoom lens presents the need to provide a
dynamic solution to the process of making corrections to
optical aberrations, video photography provides another case
of'a process that requires dynamic solutions. The same prin-
ciples that apply to still photography apply to video; auto-
focus wvariability, aperture and depth-of-field variability
aspects, shutter speed variability aspects, differences in lens
focal length and artificial lighting variability suggest that
video be viewed as merely a very rapid (30 to 60 frames per
second) application of still photography. Nonetheless, video
presents new classes of dynamic problems, most notably
regarding the matter of tracking changing subjects in real
time.

The process of shifting subject positions, even if the cam-
era is stationary, presents a change of multiple variables that
require the automated subsystems (auto-focus, auto-expo-
sure, auto-flash, etc.) to be integrated. Feedback is presented
by subjects in the external environment with changing focus
and exposure variables. In these cases, even with a modulat-
ing shutter speed, the three main variables of change are a
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zoom lens to continuously change the focal length, auto-focus
to track a subject and aperture modifications to continuously
change depth-of-field.

The unique dynamics of these complex sub-systems pre-
sents particular challenges for a digital imaging system to
produce rapid results with the use of advanced ASICs and
microprocessors. By incorporating techniques that track
objects with advanced auto-focus mechanisms, anticipate
zoom lens changes and predict optimal exposures as well as
make automatic corrections to both optical and digital aber-
rations in real time, the present system continuously opti-
mizes the video imaging process.

(21) “Stationary-Scene Object-Motion” Caching Process,
with Application to Video, in Digital Imaging System

Because video imaging processes employ full motion
activity, particularly of subjects in the environment, tracking
a subject in a video system is problematic. Once a subject is
identified and selected, the subject is automatically tracked
with auto-focus and auto-exposure mechanisms by a zoom
lens apparatus. There is a particular need to identify and track
a subject within a broad stationary scene.

The present system accomplishes this task by using antici-
patory object-trajectory tracking. The parts of the stationary
scene that are not being tracked are cached. In other words,
precisely because the background of the scene is stationary,
this part of the scene is not tracked for focus or exposure. On
the other hand, the object in motion is identified and tracked
by subtracting the extraneous data of the stationary scene.
Multiple objects are tracked by comparing data about these
combinations of objects and their relations and determining
the appropriate exposure and focus settings.

While Monte Carlo processes use random settings to self-
organize an initial map, which are useful as a baseline for the
purpose of anticipating tracking data sets, the present system
subtracts the known information about the specific object(s)
being tracked from the stationary background in the environ-
ment. In other words, the background data is “blanked out” in
a caching process while the main subject(s) are tracked. By so
using these techniques, the camera system can efficiently
calculate the modifications needed to optimize the video
scene.

Ina further embodiment of the system, a chip-setis enabled
in video display devices (i.e., video monitors) to implement
select corrections for optical and digital distortions. The user
may modify settings for automating the process of achieving
optimum video images.

(V) Digital Image Networking
(22) Network Coordination of Fixed Sensor Grid to Track
Multiple Objects in Digital Video Imaging System

While the previous discussion has focused on employing a
single camera to capture images, the present system is also
useful for networking sensors in a sensor grid in order to track
multiple objects. Specifically, the present system may be used
in surveillance and reconnaissance situations to track objects
over time. Using a grid of image sensors with overlapping
range parameters makes it possible to organize a complex
network of sensors for surveillance activities.

After selecting specific objects to track, the system follows
the objects as they move from location to location, appropri-
ately modulating the focus, the lens focal length, the ISO and
the exposure settings. As the subject moves from one section
of'a grid to another, the sensors are coordinated to “hand oft”
the object to other sensors on the grid, much like a cellular
phone network hands off calls between cells.

In another embodiment of the present system, the cameras
in the network may be mobile instead of stationary in a fixed
sensor grid. In this case, self-organizing aspects of the mobile
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sensor grid track mobile objects in real time. One application
of this complex system, which draws on earlier work in col-
lective robotics, is in cinematography, which requires mul-
tiple transportable perspectives of mobile subjects. The com-
plex dynamics of a mobile sensor network provides complex
feedback in this manifestation of the present system.

(23) Automatic Wireless Off-Porting of Back-Up Images to
External Data Bank

Because the present system uses digital files, it is possible
to move these files to an external site for storage. The present
system has capabilities to off-port images to an external data
bank automatically. This feature is valuable in order to pre-
serve on-board storage capability.

Whether implemented in a local area network (LAN) or a
wide area network (WAN), by using a built-in wireless router,
the present digital imaging system may be set to send data
files directly and automatically to hard-drive storage either in
a device in the same room or uploaded to the Internet for
storage around the world. This capability is critical for man-
aging massive files of large sensor data sets and preserving
valuable in-camera storage space. When automatically send-
ing data files to a nearby computer, the computer may act as
a data-port relay to automatically resend the images to an
Internet site for storage. The system will maintain the option
of'keeping some images in the camera and sending duplicate
copies of digital files of images to another site for storage as
abackup. This automatic back-up process provides insurance
for the photographer.

In another embodiment of the system, just as image files
are off-loaded to external storage, software files are periodi-
cally downloaded to the camera in order to update the camera
settings and the database system. For example, as the camera
manufacturer provides new lenses for the camera, it becomes
necessary to load new updated settings to accommodate cor-
rections for the new lenses. Similarly, as the camera requires
new software updates with improved algorithms to further
optimize the corrective functions of both the optical and digi-
tal mechanisms, the camera will automatically accept these.
This feature is particularly important to both manufacturer
and user because the ability to update software capability
periodically will protect a user from needing to upgrade
major hardware such as with a lens replacement.

(24) Image Organization System

The present digital imaging system does not merely allow
for the storage of image data files on external storage.
Because of the problems of protecting storage and the need to
make multiple back-ups in the digital sphere, it is also neces-
sary to store digital image files in multiple database locations.
The images are organized in a main database by various
criteria, such as time, location, subject-type, etc., and then
rerouted to various locations around the world for safe stor-
age. While specific sets of images may be stored together, the
need to identify the locations is less important than the need to
have control of the main database list which identifies the
locations.

In order to maintain security, the digital imaging files may
periodically be rotated randomly between locations. Only the
main database list, which is constantly updated, maintains
information on their location. In fact, specific digital bits of a
single image may be maintained at different locations in order
to maintain further security. Thus, on many computers around
the world bits of each image may be stored, and continuously
rotated, with constantly updated registries maintaining their
complex hybrid whereabouts. These rotation storage func-
tions are performed by a randomizer logic engine.

In a further embodiment of the present system, once the
digital files are off-loaded from the camera system to external
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storage, specific images may be automatically identified and
further specific corrections automatically provided.

In yet another embodiment of the system, the images that
are off-loaded from the camera to the external storage system
are organized according to various criteria, such as accuracy
of focus or exposure or quality of image type, in order to be
automatically prioritized. The camera, with the assistance of
an initial setting of user priorities, will automatically order
new images with a higher or lower priority relative to other
images and camera settings. Thus, at the end of a day, the
images may be displayed in an order preferred by the user.
Lesser images will be automatically routed to a lower position
as they do not meet specific criteria, and better images will be
routed to a relatively higher position in the organization of
files. This feature of automatically assisting in the organiza-
tion of the digital image files is a very useful one which will
save photographers time.

(25) Wireless Digital Image System Automatically Generat-
ing Prints from Image Capture

The present digital imaging system not only automatically
off-loads digital image files to remote locations for storage;
the system also will allow one to photograph an image (or
sequence of images) in one location (i.e., Paris) and instantly
print it in another location (i.e., Los Angeles) for publication
in real time. In addition, an image may be captured by the
camera and instantly uploaded to a pre-programmed Web site
for publication by using wireless technologies. In addition, it
is possible to automatically print the digital image file any-
where in the world virtually the moment the image is taken.
This system makes this instantaneity particularly possible
precisely because the image corrections are automated in-
camera. Since there is no need in most cases to further edit the
image files, they are thus generally ready for immediate
release.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a digital imaging system.

FIG. 2 is a flow chart of an analog to digital signal process.

FIG. 3 is an image of the vignetting corrective filter in an
optical lens.

FIG. 4 is a list of wide angle 35 mm lens types.

FIG. 5 is a flow chart of the digital corrective process.

FIG. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

FIG. 7 is a flow chart of the process of digital image
capture, processing and storage.

FIG. 8 is a flow chart illustrating the process of selecting
filtration settings.

FIG. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.

FIG. 10 is a flow chart showing exposure optimization
using digital correction in camera.

FIG. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

FIG. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

FIG. 13 is a flow chart describing the exposure adjustment
of an image using in-camera filtration.

FIG. 14 is a flow chart showing the process of in-camera
special effects filtration.

FIG. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.

FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.
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FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

FIG. 19 is a diagram of a nano-grid.

FIG. 20 is a diagram showing the feedback loop connecting
the processor and the nano-grid.

FIG. 21 is a diagram illustrating the tri-pixel architecture in
a digital sensor.

FIG. 22 is a flow chart showing the pre-programmed mod-
ules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.

FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FIG. 29 is a flow chart showing the dynamics of zoom lens
corrections in digital imaging.

FIG. 30 is a diagram illustrating object tracking in dynamic
changes in video corrections.

FIG. 31 is a flow chart showing objecting tracking of a
digital imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the overall structure of the system. Object
data (100) in the domain of objects being photographed by the
camera constantly change. In some cases, the lighting
changes, while in other cases, the positions of the objects
change. At 120 the flash will artificially light the objects.
Flashes may be either on the camera or remote from the
camera. A camera sensor (130) will detect external data
changes. An optical lens (110) feeds analogue imaging datato
the digital sensor(s) (175 and 180). In some cases, a mirror
(170) will swivel in order to directly input imaging data to the
digital sensor after the shutter (150) is fired. In some cases, a
filter (160) stands between the lens and the digital sensor(s).
A digital signal processor (DSP) (195) is connected to at least
one sensor (A or B). A database (190) is connected to at least
one sensor (A or B) as well. The digital sensors are connected
to an ASIC (195) and/or a microprocessor (193) in order to
process the image and control the camera. The digital image
data is passed from the digital sensor to either the ASIC or
microprocessor and then stored in memory (197). The pres-
ence or absence of specific elements of this mechanism is not
required for the correct functioning of this system. Conse-
quently, a number ofthe drawings contained herein will focus
only on specific sub-assemblies of the overall digital imaging
system mechanism.

The present invention is intended to operate with a spec-
trum of camera types. These camera categories include digital
still cameras without a mirror mechanism or without an opti-
cal interface. The present system applies to cameras with
single lens reflex mechanisms. In addition, the present system
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applies to video cameras, both with or without mirror mecha-
nisms, including camcorders. Finally, many of the functions
disclosed in the present system are integrated into specific
imaging sensors. The system applies to image sensors that are
integrated with complex system functions, including those
described herein, with “system on a chip” (SoC) capabilities
in a single microelectronic integrated circuit. The invention
also applies to networks of sensors, networks of cameras or
integrated networks of both sensors and cameras.

FIG. 2 describes digital image signal processing. After an
analog signal (200) is captured, it is converted to a digital
signal by an analog-to-digital converter (210). The signal is
then forwarded to the digital signal processor (220) and fil-
tered (230). The digital signal is then stored in memory (240).

In FIG. 3, the correction to the optical vignetting problem
is shown. In vignetting, the lens (300) makes the edges of the
image significantly darker as the light falls off, a phenomenon
particularly prominent on wide angle lenses. As represented
here, the concentric circles of filtration correction are darker
in the middle (310) of the image in order to counteract the
vignetting effect. The overall image aperture is reduced from
one half'to two stops in order to compensate for the maximum
light fall off depending on the amount of vignetting effect
from each lens type.

FIG. 4 shows a list of several different wide angle lenses in
a database. In the 35 mm domain, the 14 mm (400), 20 mm
(410), 24 mm (420), 28 mm (430) and 35 mm (440) lenses,
each with £/2.8 apertures are listed in the database. Each lens
type presents a distinct formulation involving different sets of
optical data that require different aberration corrections.

The digital corrective process is described in FIG. 5. After
a specific lens type is identified (500) and a database is ref-
erenced (510), the lens type is matched with the specific
optical aberrations (520). The digital filter then applies a
correction to specific optical aberrations (530). As an
example, the vignetting effect is corrected by gradually dark-
ening the center of the image in concentric rings (540).

FIG. 6 shows the database configuration of several difter-
ent types of 24 mm £/2.8 lenses (600 to 630) with different
optical configurations. Fach lens type has a different set of
manifestations of optical aberrations including vignetting
(640), spherical aberration (650), pin cushion distortion
(660), barrel distortion (670) and comatic aberration (680).
For each lens, there will be a unique combination of optical
aberrations compared to each lens type from different optical
configurations. The database is accessed to provide the multi-
objective optimization solution for correcting several difter-
ent optical aberrations for each specific lens formula.

In FIG. 7, after a camera captures an image (700) and uses
a digital sensor to create a digital file (710), the digital file is
forwarded to the digital signal processor semiconductor
(720). The DSP applies the filtration (730) to correct the
optical aberrations from the lenses. The revised digital file is
then sent to storage (740).

Digital filtration is performed by employing the DSP hard-
ware as well as specific software in order to attain specific
aberration corrections. In an optical filter, which typically sits
at the front of a lens and performs a single function of modi-
fying the optical characteristics of the lens, the electronic
filter will process the image after it is converted from an
analogue representation to a digital signal. Common digital
filters include a low pass filter or anti-aliasing filter. In most
cases digital imaging filtration is a discrete time application
and is processed in a time-signal sequence.

One example of a digital filtration process is a fast Fourier
transform (FFT). The digital signal is modified by applying
an algorithm to extract the frequency spectrum. The original
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function is then reconstructed by an inverse transformation of
the original signal. The signal can be manipulated to perform
various conversions. This process is used to sharpen or soften
animage. For instance, by differentiating the frequency spec-
trum, the high frequency can be emphasized by limiting the
low frequency, as in a high pass filter. Digital filtration is
typically performed by the DSP after the image is captured
and before the image file is stored. However, in the present
system, there is some filtration before the digital sensor that
captures the image as well as some filtration processing after
the sensor sends the file to the DSP.

In order to accelerate the filtration process, the digital file
will be broken into parts, with each part processed simulta-
neously. Filtering a one-dimensional image will treat data
from each column of a digital sensor separately. When the
data is treated like a two dimensional image, the data file may
be treated with different techniques. For instance, different
quadrants of the image may be analyzed and filtered sepa-
rately. In addition, the highlights and the shadows in the
varied frequency range may be analyzed and filtered sepa-
rately as well. Similarly, a two dimensional image file may be
analyzed by starting in a corner and working in each contigu-
ous quadrant in a circular (clockwise or counterclockwise)
order. Further, the filtration process may begin in the corners
and work inwards or begin in the center of the image and work
outwards. For instance, in wide angle lens filtration to correct
optical aberrations, the outer edges will be the most promi-
nent distortions that will require the most corrections; there-
fore, the filtration process will work by starting on the corners
first.

The present invention also addresses the multi-functional
corrections in an image by applying multiple simultaneous
techniques. This is done either by performing a sequential
filtration process or a simultaneous filtration process. In either
case, the image is re-filtered to make more than one pass in
order to correct different types of aberrations.

Different types of aberrations require different types of
filtration. In the case of pin cushion distortion and barrel
distortion, which are inverse appearing aberrations, the filtra-
tion process will adjust the edges of affected digital files
captured with wide-angle lenses. The optimized images will
be accessed by the database and compared to the actual image
files. The filtration will be applied to each image file to closely
correct the distortions bit by bit. In effect, the corrected digital
images will be reverse engineered to discover the unique
distortions as they establish a pattern by comparing the input
digital images and the database of optimized images. The
digital image correction will be applied once the aberration is
assessed.

Each lens provides data to the camera microprocessor and
DSP about its unique characteristics. The lens is pre-pro-
grammed with aberration data pertaining to that lens type and
even to each particular lens (ascertained through a testing
process). The lens then provides this specific data to the
camera for processing of optical aberrations. In one addi-
tional embodiment, the lens will also contain software to
correct its aberrations that will also be sent to the camera
processors in order to be applied to specific digital file filtra-
tion. As information and techniques are made available, new
software to ascertain and correct each lens’s unique optical
aberrations will be forwarded to the camera and stored in the
lens, thereby providing an upgrade path to continuously
improve the optical qualities of lenses by employing a sort of
after-manufacture digital correction.

FIG. 8 shows the process of selecting filtration settings.
After the user selects the specific filtration settings (800), the
user marks the specific filtration setting and accepts the set-
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ting (810). The user may continue to select multiple settings.
When the user has selected all preferences (820) and accepts
the settings the user returns to the main menu.

In FIG. 9 varied depth of field optimization at different
apertures is described. In the first drawing, the object (930)
has a depth of field (940) that has a broad range of clarity
around the object. The camera (900) evaluates the distance
data (920) and the object to establish an optimal depth of field
range between f/8 and f/11. In the second drawing, the object
(980) has a narrower depth of field range (990) based on
distance data (970) and object data from the camera (950) to
determine an optimal depth of field range between /2.8 and
/5.6. The camera’s automatic alteration of the aperture to
narrow the depth of field is based on a range of factors,
including the focus on the object, the object’s motion, the
distance to the camera, shutter speed constraints and the light
on the object. Modulating aperture automatically in the cam-
era provides a blurring of the background and the foreground
so that the object can stand out without distraction.

Exposure optimization using digital correction is shown in
FIG. 10. After the camera assesses an object’s distance from
the camera (1000) and identifies the optimal aperture of the
image to maximize the dynamic range (1010), the aperture is
either increased (1020) or decreased (1030) and the correc-
tion applied (1040).

In-camera special effects filtration is illustrated in FIG. 11.
Once the image exposure is assessed by using the camera
exposure meter (1100), the camera corrects the image by
either underexposing the image by one third stops to one stop
if the image is overexposed (1110) or overexposing the image
by one third stops to one stop if the image is underexposed
(1120). The camera finally takes a picture and stores the
image (1130).

FIG. 12 shows the selective in-camera filtration of specific
objects. After the camera identifies specific objects (1200),
the camera assesses distance to the objects (1210). This is
done by sending out an infrared light signal, bouncing it off
the object, and measuring the distance data from the camera
to the object. The camera isolates the objects on a one-dimen-
sional FEuclidian plane (1220) and then selects the optimum
aperture to isolate objects and to blur the background and
foreground (1230). The camera tracks the motion of objects
(1240) and activates a digital sensor (1250) thereby capturing
the image. The image data is sent to a post-sensor processor
(1260) where the camera applies specific filtration only to the
designated objects (1265) and stores the file in memory
(1270). Alternatively, the camera will apply specific filtration
only to the background (not to the objects) (1275) and then
stores the file in memory (1280). The effect of only applying
filtration to an object or to its background is to isolate the
subject. The type and degree of special effects, which are
selected by user-adjustable in-camera software, will be deter-
mined by the user’s palate of filtration choices.

Image exposure adjustment using in-camera filtration is
described in FIG. 13. Once the camera assesses a two stop
difference in parts of the image (1300), the camera’s micro-
processor accesses the database of similar scenes (1310) and
then selects the optimal metering for the image and the user
activates the digital sensor (1320), capturing an image. The
camera provides the filtration to part of the image by adjusting
the exposure in the processor (1330) and then stores the image
(1340). In scenes such as sky on top, a neutral density filter is
often required to remove the two stop difference between the
bright top ofthe image and the darker bottom ofthe image. By
reducing the brightness at the top, the exposure is evened out.
By using the present system, this process is accomplished in
the camera.
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In-camera special effects filtration is described in FIG. 14.
After a user selects a special effects filtration technique
(1400), the camera assesses image meta-data (1410), ana-
lyzes image data (1420) and the user captures the image
(1430). The camera’s post-capture processor applies special
effects filtration technique to part of the image (1440) and the
camera stores the image in memory (1450).

Digital correction for sensor dust is described in FIG. 15.
The pattern of dust on the pixels of a digital sensor (1500) is
assessed. The specific pixels that are obscured by the dust are
identified (1510) and a map is built of a digital sensor pixel
frame by comparing information from at least two image
samples to identify obscured pixels (1520) and the camera
takes an image (1530). Information from pixels that are adja-
cent to dust-affected pixels are used to interpolate data on
affected pixels (1540) and image data is processed and stored
in memory (1550).

FIG. 16 shows an ASIC array in a digital imaging system.
Once the digital sensor (1620) captures an image, the digital
file is sent to multiple application specific integrated circuits
(1630, 1640, 1650 and 1660) for processing of several digital
signals simultaneously. In one embodiment of the invention,
each ASIC corrects a single optical aberration. In another
embodiment, the ASICs will divide the digital file and per-
form specific functions on parts of the image file and reunite
the file before storing the completed image in memory
(1670).

In FIG. 17, the camera is illustrated with multiple inter-
changeable digital sensors. The CCD (1720) is shown in the
forward position capturing the digital image in this drawing.
However, the CMOS (1730) digital imaging sensor may
swivel around (1740) to replace the position of the CCD in
order to be used to capture the image. The image is then
processed (1750) and stored in memory (1760). The advan-
tages of interchanging the digital sensors are to have the
opportunity to benefit from the strengths of each sensor type
without sacrificing the weaknesses of either. In some cases,
the scene will be optimized for the exposure range of a CMOS
digital sensor, while at other times, the scene will be opti-
mized for the detail of the CCD.

In FIG. 18, the nano-grid (1820) appears in front of the
digital sensor (1830). The lens will send analog image data to
the sensor through the nano-grid. Once the digital data from
the sensor is processed (1840) it is sent to memory (1850).
FIG. 19 shows a nano-grid (1900). Nanofilaments are shown
at 1920. The modulation effects of the nanofilaments are
shown at 1910. Nanofilaments will change their position in
order to allow more or less light through the system. Nano-
grids fit before, or in some cases, adjacent to and on top of the
digital sensor. Nano-grids behave as adjustable screens and
may be used to polarize light between the lens and the digital
sensor. Nano-grids are activated by electrical charge pulses
sent to nanofilaments.

In FIG. 20, the feedback loop connecting the processor and
the nano-grid is shown. Analog optical data passes through
the nano-grid (2020) to the digital sensor (2030) to the pro-
cessor (DSP) (2040). A feedback loop (2050) is created by
analyzing the data at the processor and modulating the per-
formance of the nano-grid. For example, the image may be
very bright initially, but the DSP will require that the image
needs to be darker in order to be properly exposed. In this
case, it will activate the nano-grid to modulate its grid struc-
ture in order to darken the image so as to let less light through
the filaments by adjusting the filament structure. Once prop-
erly exposed, the camera will capture a digital image and send
the file to memory (2060) for storage.
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In FIG. 21, a tri-pixel architecture is described. The large
(deeper) oval bucket in the center (2110) will capture high-
light exposure, the medium sized oval bucket at the right
(2120) will capture a normal exposure range and the small
(shallower) oval bucket at the left (2130) will capture the
shadow exposure range. These three separate wells are con-
tained within each pixel. In most cases, a pixel well is like a
bucket, capturing light data and passing the data sets to the
digital processor. By splitting the exposure range into three
distinct wells within each pixel, the data is more accurately
captured and organized in order to accommodate the broader
range of exposure data. This system will be able to increase
the range of digital imaging up to four stops, from the typical
two stops. By maximizing the range of exposure data, the
image collection will display more tonal range that is more
associated with films’ broader exposure range.

FIG. 22 shows the pre-programmed module for in-camera
functionality. After the camera detects the lens type and the
sensor type (2200), the camera focuses on an object (2210)
and the processor accesses the library of scene and filter types
(2220). The user pre-selects specific in-camera modifications
(2230) and activates the camera to capture an image (2240).
The processor makes filtration adjustments after the sensor
takes the image (2250) and the image file is stored (2260) in
memory.

Much like the nano-grid that is present before the digital
image sensor, the pre-sensor modification to an image is
shown in FIG. 23. An optical filter (2320) such as a polarizer
filter is shown in a position between the lens and the digital
sensor (2340). The image is captured and the optical filter is
activated by the processor (2350), which determines whether
to activate the filter after analyzing a particular scene. Other
filtration (2330), such as the use of the nano-grid, is also
interchangeable with the optical filter in a position before the
digital sensor. In another embodiment of the present inven-
tion, the filter assembly is sequential, with both, or multiple,
filters being activated in order so as to obtain the maximum
filtration effect. The DSP will compute the optimal combina-
tion of filtration resources based on the available resources in
the camera. In another embodiment, the optical filter assem-
bly will fit out of the line of sight between the lens and the
digital sensor and will be activated by the DSP on-demand to
swing into the optical image path much like a mirror mecha-
nism.

FIG. 24 shows the integration of optical and digital correc-
tions with feedback. Once the camera meters a scene (2400),
the camera auto-focuses and obtains distance data to the
object (2410), analyzes the lens data, the aperture data and the
shutter speed data and accesses the library of images (2420).
The camera assesses the optical aberrations (2430), activates
the digital filters to correct aberrations (2440) and takes the
picture (2450). The camera analyzes the image and optimizes
the image using the processor (2460). This is performed by
comparing the image data to the library of images and assess-
ing the needed filtration required to optimize the image. The
image is then stored in memory (2470).

The interactive feedback mechanism of integrated correc-
tion is described in FIG. 25. After an analysis of the initial
image (2500), the identification of optical aberrations (2510)
is made. The camera’s database is accessed to retrieve the
corrections (2520) and the interactive feedback mechanism is
activated (2530). Corrections to filters are applied before the
sensor captures the next image (2540). In addition, correction
to the image signal via the DSP is made after the sensor data
is captured (2550) and the image is stored in memory (2560).

The adaptive user pattern learning process is shown as
images are processed in FIG. 26. A batch of images (2600,
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2610, 2620 and 2630) is shown. The first image is processed
(2640) and data from image 1 is analyzed and metadata is
mapped (2650). Image 2 is then analyzed and its metadata is
compared to the image 1 metadata (2660). Similar metadata
in images 1 and 2 programmed in the processor (2670) and
image 2 is rapidly processed by using similar metadata from
image 1 (2680). Images 3 and 4 are analyzed and their meta-
data are compared to image 1 and rapidly processed (2690).

In FIG. 27, the feedback process of filtering images is
shown. After the camera analyzes the user behaviors, user
preferences and subject behaviors (2700), the camera’s pro-
cessor analyzes trends in the pattern of user behavior and
preferences and creates a map (2710). The camera’s proces-
sor anticipates the user behavior and subject behavior (2720)
by applying evolutionary computation and fuzzy logic algo-
rithms. The camera’s processor then applies a collaborative
filtering process to a new image (2730) and the user takes and
optimizes the image (2740).

FIG. 28 shows a software privacy function in a digital
imaging system. The camera automatically downloads soft-
ware as it enters a building or specified area (2800). The
camera’s features are deactivated in specific locations by the
software (2810) while allowing the camera to perform spe-
cific camera functions by accessing software keys (2820).
The camera then performs specific functions (2830) that are
available in the restricted area while other specific functions
are disabled (2850).

In FIG. 29, the dynamics of zoom lens corrections are
described. After a lens detects a zoom lens type (2900), the
camera detects a particular focal length setting of the zoom
lens (2910) and accesses a data library in the database to
modify aberrations to optimize the zoom lens at a specific
focal setting (2920). The camera applies a correctionto a lens
setting (2930) and continuously tracks the lens changes in the
lens focal length (2940). The camera then applies the changed
corrections to the changed focal lengths in the zoom lens
(2950) and analyzes patterns of the user and subject behaviors
(2960). Using fuzzy logic and evolutionary computation, the
camera anticipates behaviors and rapidly optimizes image
corrections by applying digital filtration (2970).

FIG. 30 shows object tracking in the dynamic changes of
video corrections. An object moves from position 1 (3010) to
position 6 (3060) in sequence. The camera (3000) is station-
ary, yet it records the object’s motion as it is moving within
the field of vision.

In FIG. 31, object tracking is described. Once the camera
tracks an object with auto-focus mechanisms and supplies
distance information (3100), it tracks the user’s zoom lens use
patterns, anticipates the focal length changes (3110) and,
using evolutionary computation and fuzzy logic algorithms,
predicts optimal exposures (3120) and captures images in real
time, continuously tracking the object (3130).

FIG. 32 shows the caching process of a moving objectina
stationary scene. After the main objects are tracked by the
camera (3200), the background of'a stationary scene is cached
in the camera (3210). The camera subtracts the data about
objects from the background of the scene (3220). The back-
ground scene is then “blanked out” and cached in memory
(3230) and the main objects are optimized by applying digital
filters.

FIG. 33 describes the network coordination of a fixed sen-
sor grid tracking multiple objects. The object in motion is
represented in positions A through D (3370, 3380, 3390 and
3395). The fixed sensors are at positions 1-6 (3300, 3310,
3320, 3330, 3340 and 3350). The image data is fed remotely
into the central imager (3360). The sensors track the object by
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taking image data at each fixed sensor position in the network.
As the object moves through the field of the network, each
sensor records the object.

In FIG. 34, wireless communication features of the digital
imaging system are described. The camera (3400) sends digi-
tal image data files wirelessly to a computer (3410). Files are
also uploaded from the camera to the Internet in accessible
locations (3450), while software files are downloaded from
the Internet to the camera, both automatically and through
manual intervention. Files are automatically downloaded if
the user sets the camera to receive automated software
updates. One advantage of loading files automatically to the
Internet is that the images are then automatically published
(3460) at a remote location, or locations, for viewing.

FIG. 35 describes an image organization system. After
images are captured by the camera (3500), the image files are
organized according to metadata in an external computer
database (3510). The image files are then sorted by category
and sent to the database of a distributed network (3520) for
off-site storage.

Reference to the remaining portions of the specification,
including the drawings and claims, will realize other features
and advantages of the present invention. Further features and
advantages of the present invention, as well as the structure
and operation of various embodiments of the present inven-
tion, are described in detail below with respect to accompa-
nying drawings.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be sug-
gested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes in their entirety.

I claim:

1. A digital imaging system for correcting optical image

aberrations comprising:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, system software, a database management system
and a memory storage sub-system;

wherein the optical lens mechanism is a fixed focal length
lens;

wherein a microprocessor uses system software to identify
at least one optical aberration by accessing the database;

wherein the microprocessor uses the database to identify at
least one algorithm to use to correct the at least one
optical aberration;

wherein when the image file is captured by the digital
sensor the digital file is forwarded to the digital signal
processor;

wherein the image file with the at least one optical aberra-
tion is corrected by applying digital filtration by using at
least one algorithm in the digital signal processor; and

wherein the modified digital file consisting of the digital
data optimized from the at least one optical aberration
that are corrected from the original optical image is
stored in memory.

2. The system of claim 1:

wherein the optical aberrations include at least one of
spherical, comatic, lens distortion, astigmatism, curva-
ture of field, pin cushion, barrel distortion, chromatic
aberrations, scattered light, red eye, dust and/or flare
types of optical aberrations.
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3. The system of claim 1:

wherein the optical aberration is vignetting;

wherein the digital signal processor applies neutral density
filtration from one third of a stop to three stops in the
center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the corners of
the image or the digital signal processor applies both
neutral density filtration in the image center and/or an
algorithm to lighten the corners of the image; and

wherein the image exposure is optimized to correct the
vignetting.

4. The system of claim 1:

wherein the digital signal processor applies at least one fast
Fourier transform (FFT) algorithm to correct the at least
one optical aberration.

5. The system of claim 1:

wherein each lens type is registered in the camera database;

wherein the multiple optical aberrations of each lens is
listed in the database;

wherein the filtration solutions to the lens optical aberra-
tions are listed in the database;

wherein the filtration of each lens optical aberration is
applied by the digital signal processor; and

wherein after the digital signal processor applies the filtra-
tion to correct the optical aberrations the corrected digi-
tal file is forwarded to storage in memory.

6. A digital imaging system for correcting image aberra-

tions comprising:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, an integrated circuit, a digital signal pro-
cessor, system software, a database management system
and a memory storage sub-system;

wherein the optical lens mechanism is a zoom lens or a
fixed focal length lens;

wherein the image data file is forwarded from the digital
sensor to storage in memory;

wherein at least one optical and/or digital aberration in the
image file are identified by comparing image files in the
database management system by using the system soft-
ware and the integrated circuit;

wherein the at least one filtration algorithms required to
correct the at least one optical and/or digital aberration
are sent from the integrated circuit to the digital signal
processor;

wherein the at least one optical and/or digital aberration
from the optical lens mechanism are corrected by using
the digital signal processor to apply digital filtration
algorithm; and

wherein the modified digital file consisting of the digital
data optimized from the at least one aberration that are
corrected from the original optical image is stored in
memory.

7. The system of claim 6:

wherein the optical aberrations include spherical, comatic,
lens distortion, astigmatism, chromatic aberrations, cur-
vature of field, pin cushion, barrel distortion, scattered
light, red eye, dust and/or flare types of optical aberra-
tions.

8. The system of claim 6:

wherein the digital aberrations include moiré and/or alias-
ing.

9. The system of claim 6:

wherein the digital signal processor applies a fast Fourier
transform (FFT) algorithm to correct optical and/or digi-
tal aberrations.
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10. The system of claim 6:

wherein the digital signal processor applies color filtration
to the image file.

11. The system of claim 6:

wherein the digital image file are filtered to correct at least
one optical and/or digital aberrations after initial capture
and before the image file is initially sent to storage.

12. The system of claim 6:

wherein the integrated circuit may be a microprocessor, an
application specific integrated circuit or a system on a
chip.

13. The system of claim 6:

wherein the optical aberration is vignetting;

wherein the digital signal processor applies neutral density
filtration from one third of a stop to three stops in the
center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the corners of
the image or the digital signal processor applies both
neutral density filtration in the image center and/or an
algorithm to lighten the corners of the image; and

wherein the image exposure is optimized to correct the
vignetting.

14. A digital imaging system for correcting image aberra-

tions comprising:

a digital camera mechanism, an optical lens mechanism, a
digital sensor, a microprocessor, a digital signal proces-
sor, system software, a database management system
and a memory storage sub-system;

wherein the optical lens mechanism is a zoom lens;

wherein the zoom lens changes focal length positions;

wherein when the image file is captured by the digital
sensor the file is forwarded to the digital signal processor
and to memory;

wherein the microprocessor uses system software to access
the database to identify at least one optical aberration in
the image file at any focal length of a zoom lens con-
figuration;
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wherein the microprocessor accesses the database to obtain
at least one filtration correction algorithm to the optical
aberrations and forwards the at least one filtration algo-
rithms to the digital signal processor;

wherein the image file is forwarded to the digital signal
processor which applies at least one filtration algorithm
to optimize the image and corrects the at least one optical
aberration at the specific focal length in the zoom lens
configuration; and

wherein the modified image file consisting of the digital
data optimized from the at least one optical aberration of
a specific focal length of the zoom lens that are corrected
from the original optical image is stored in memory.

15. The system of claim 14:

wherein the optical aberrations include vignetting, spheri-
cal, comatic, lens distortion, chromatic aberrations, cur-
vature of field, pin cushion, barrel distortion, scattered
light, red eye, dust and/or flare types of optical aberra-
tions.

16. The system of claim 14:

wherein the digital signal processor applies a fast Fourier
transform (FFT) algorithm to correct optical and/or digi-
tal aberrations.

17. The system of claim 14:

wherein each focal length of a zoom lens is analyzed for a
different set of optical aberrations.

18. The system of claim 14:

wherein the optical aberration is vignetting;

wherein the digital signal processor applies neutral density
filtration from one third of a stop to three stops in the
center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the corners of
the image or the digital signal processor applies both
neutral density filtration in the image center and/or an
algorithm to lighten the corners of the image; and

wherein the image exposure is optimized to correct the
vignetting.
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DIGITAL IMAGING SYSTEM FOR
CORRECTING VIDEO IMAGE
ABERRATIONS

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application claims the benefit of priority
under 35 U.S.C. section 119 from U.S. patent application
Ser. No. 12/586,221 filed on Sep. 18, 2009 and Ser. No.
11/825,521 filed on Jul. 11, 2007 and Provisional Patent
Application Ser. No. 60/807,065 filed on Jul. 11, 2006, the
disclosures of which are hereby incorporated by reference in
their entirety for all purposes.

FIELD OF THE INVENTION

The present invention pertains to imaging systems. The
invention presents electronic methods to optimize optical
processing, the digital capture of light and post-capture
image organization of digital data sets. The system may be
used in any device that captures, records, replicates, scans,
reproduces, accesses, organizes, modifies, edits or stores
images digitally. The invention applies to any imaging
system that includes interaction between optics, digital
image sensors, post-capture integrated circuits and digital
storage components. The system includes self-organizing
apparatus for optical image collection, electronic organiza-
tion and optimization of digital data using integrated circuits
and software applications. The system applies to consumer
and professional still and video photography, including
cinematography, to the processing of images with digital
sensors, and to copying and scanning technologies. The
system also applies to complex grids of multiple video
cameras and satellites for surveillance and reconnaissance.

BACKGROUND OF THE INVENTION

The history of photography in the twentieth century is a
story of finding solutions for optimizing optical problems.
The main challenges have involved improving lens configu-
rations to optimize image quality for film capture. As an
example of this, lens aberrations have been reliably cor-
rected by creating aspherical lens elements in wide-angle
lenses and by creating apochromatic lens elements in tele-
photo lenses. The use of lens element coatings has also
improved optical quality. Similarly, the evolution of zoom
lenses has included improvement in optical quality via the
combining of complex optical element configurations; as the
optical quality of zoom lenses improved dramatically, their
simplicity and utility led them to dominate lens sales.
Complex computer-aided design (CAD) software has been
used to test a broad range of possible lens configurations so
as to optimize the optical performance in terms of clarity and
contrast of each lens type, as much as optically possible
within economic constraints.

In the last twenty-five years, an additional revolution has
occurred with the advent of auto-focus (AF) technology in
still photographic and video cameras. Invented by Minolta
in the early 1980s, AF technology was a photographic
application of technology developed for the U.S. military.
The AF system used an infrared light sensor to reflect light
onto an object that allowed a camera’s lens to focus on the
object by employing a motor in the camera. Canon eventu-
ally developed improved methods of auto focus by using
electronic means (viz., micro ultrasonic motors) to increase
speed and accuracy. This AF technology was integrated with
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automatic exposure (AE) technology which developed com-
plex algorithms in a “program’ mode to combine shutter and
aperture data to match each lens with particular subject
matter, as well as an aperture-priority exposure mode and a
shutter-priority exposure mode. Of course, the photographer
could use manual focus and manual exposure at any time,
but these improvements increased the creative process and
the competitive advantages of camera makers and photog-
raphers that employed them. Ultimately, the combination of
these developments allowed ordinary photographers to
achieve high quality standards.

AE was improved by Nikon, particularly with the use of
a “3D color matrix” system, which included a library of
pre-programmed image types. The combination of the
improved AF and AE subsystems allowed a dramatic sim-
plification of photographic imaging because the photogra-
pher no longer labored over the time-consuming focus and
the exposure variables. Automated film advance, in the form
of built in motor drives, increased the working speeds of
camera operation as well. Nearly all consumer and profes-
sional cameras became automated to some degree by the
mid-1990s, including formats beyond the 35 mm film stan-
dard.

In the last decade, a new technology of image stabilization
(IS) has emerged to help correct the problem of vibrations
caused camera shake that lead to image blur. This technol-
ogy is implemented in lenses by the use of gyros to reorient
the light plane to compensate for camera shake; when
combined with the earlier automated camera technologies
such as AF and AFE, IS further improves the photographic
experience, particularly for larger lenses.

In addition to these advances in camera automation,
technologies improved in the category of artificial flash as
well. With microprocessors and sensors employed to mea-
sure minute variances, the development of photographic
flash systems allowed the photographer to control the light-
ing in an environment to some degree. Nikon’s use of
distance information in its flash system advanced the state of
the art in flash photography. The combination of AF and AE
with automated flash mechanisms provided increased effi-
ciency and simplicity in image capture processes.

The last several years have witnessed a revolution in
digital photography. Because of its simplicity, potential
quality improvement, immediate feedback and cost savings,
digital photography has captured an increasing market share
relative to film-based cameras. Kodak holds a number of
patents involving the charge coupled device (CCD) for
converting and recording light into electronic format. A
competing technology for digital capture is complementary
metal-oxide semiconductor (CMOS) which, though devel-
oped by Fairchild Semiconductor over forty years ago, is
predominantly used in photographic cameras by Canon.
Although there are trade-offs in the application of CCD and
CMOS digital sensors for image capture, they both find wide
acceptance in the market.

In order to correct for digital artifacts in image capture
mechanisms, anti-aliasing filters are placed in front of digital
sensors. Despite this improvement, digital imaging still has
some challenges to overcome in competing with the image
quality of film.

At the present time, the most recent advances in digital
imaging for professional still photography have come from
Hasselblad, which offers a Phase One camera back with a 39
MP digital sensor from Kodak. This system uses software
that automatically corrects for digital capture limitations to
produce a quality image. Their “digital APO correction”
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(DAC) technology performs an analysis of meta-data to
color-correct the digital capture resulting in moiré-free
images.

At the limits of current technology, a Canadian company,
Dalsa, has produced a 111 MP (10,560 by 10,560 pixels)
CCD digital sensor that measures four inches square. This
technology must be mated with large format-type lenses
with large image area, and may be used for satellite surveil-
lance applications and for other astronomical applications.

With both the larger sensor surface area of a medium
format camera system and the high-quality fixed focal-
length lenses of Zeiss, Schneider and Rodenstock, the qual-
ity of even the top optics will be a limiting barrier to
advanced digital sensors’ ability to perceive maximum reso-
Iution. Without new improvements in optical and digital
technologies, further progression of photographic camera
systems will be limited.

Photographic Problems

Though every major advance in photography has solved
an important problem, there are still remaining photographic
problems to be solved in order to meet the goals of opti-
mizing optical imaging quality while increasing simplicity
and efficiency and lowering cost. Despite the advent and
evolution of digital imaging, a number of problems have
emerged in the digital realm in addition to earlier problems
involving optics. Nevertheless, an opportunity exists to
solve some of these problems via digital approaches. These
problems are generally categorized as optical or digital.
Optical Problems

In the case of optics, lens aberrations are characterized
according to lens type, with wide-angle lens problems
differentiated from telephoto lens problems. Some of the
problems affecting wide-angle lenses arose from the creation
of the single lens reflex (SLR) camera. Before the SLR, the
rear element of a lens could be placed in a rangefinder to
protrude to a point immediately in front of the film plane in
order to correct for aberrations. While the advantages of the
mirror mechanism include ability to see exactly what one is
photographing, because the mirror of the SLR flips up
during exposure, the rear element of the lens must be placed
in front of the mirror’s plane of movement. This mechanical
fact limits lens designs in most 35 mm and medium-format
camera systems and particularly affects wide-angle lens
configurations.

It is very difficult to control the five aberrations of
Seidel—spherical aberration, distortion (barrel distortion
and pin cushion distortion), comatic aberration, astigmatism
and curvature of field. In wide-angle SLR lenses as they are
currently designed, these aberrations are particularly promi-
nent.

For wide-angle lenses, optical vignetting affects periph-
eral illumination. Though optical vignetting will affect even
retrofocus wide-angle lenses in rangefinders, it is particu-
larly prominent in SLR cameras. According to the Cosine
law, light fall-off in peripheral areas of an image increases as
the angle-of-view increases. While optical vignetting can be
reduced by stopping down the lens, the aberrations in
rectilinear wide-angle lenses generally exhibit more distor-
tion the wider the lens.

In the case of wide-angle lenses, the depth of field range
is much broader, with close focusing causing aberrations
without stopping down the aperture. To solve this problem,
close-distance focusing is improved by the creation of
floating groups of lens elements. The rear lens group ele-
ments float to correct close-distance aberrations. With wide-
angle lenses that have wide apertures, floating lens elements
improve lens aberrations in focusing on distance points also.
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Modulation transfer function (MTF) curves represent a
quantitative methodology used to assess the resolution and
contrast of lens performance at specific apertures. Each lens
type has a specific lens element composition, formula and
behavior as measured by MTFE. In general, MTF measures
lens sharpness to 30 lines/mm and contrast to 10 lines/mm.

Because different colors of the visible light spectrum
behave uniquely, the goal of lens design is to have all colors
accurately hit a film plane or digital sensor plane. The
particular challenge for telephoto lenses is that the red and
green light colors strike the film plane at different times than
blue light colors; thus a compensation must be made in the
lens configuration to adjust for chromatic aberrations. Cam-
era lens manufacturers have used extra low dispersion glass
and fluorite glass elements in telephoto lenses primarily to
adjust the red color light spectra to the film plane. In
addition, telephoto lenses use carefully designed lens coat-
ings to limit light diffraction-based aberrations.

Due to their construction, super-telephoto lenses are very
large and heavy. While modifying the materials used in the
lens barrels could reduce size and weight problems, a
technological improvement in telephoto lens design was
developed by Canon with the addition of diffractive optical
(DO) elements, which behave as a sort of highly-refined
fresnel lens magnifier. Though the MTF analyses of wide-
angle lenses show dramatic latitude in performance of even
high quality SLR lenses, with particular loss in resolution
and contrast toward the edges of the image, high quality
telephoto lenses show control of aberrations. However, the
price of these lenses is prohibitively high.

In the case of zoom lenses, as many as four distinct groups
of lens elements correct various optical aberrations. These
lens element groups include (a) a focusing group, (b) a
magnification variation group, (c) a correction group and (d)
an image formation group. Modulating the focal length
range of a zoom lens enables the lens to perform within the
scope of operation, yet the zoom lens architecture has limits.
In particular, the zoom lens configuration sacrifices resolu-
tion and wide potential aperture. Generally, the degree of
resolution and contrast at the smaller angle of view is traded
away in favor of competence at a wider angle of view, or
vice-versa. This explains why MTF analyses of zoom lenses
generally show a dramatic lowering in resolution and con-
trast relative to excellent fixed focal length lenses.

Digital Problems

Digital photography has built on the edifice of film
camera systems. For instance, the size of the sensor is
generally limited to the size of the optical circumference of
a lens system. In the case of 35 mm lenses that are designed
for a specific angle of view, the largest that a digital sensor
in a 35 mm lens system could be, is 24 mm by 36 mm, with
a corresponding maximum image circle of 43 mm. In the
case of medium format lenses, the largest digital sensors
would duplicate the corresponding film plane size, whether
6x4.5 cm, 6x6 cm, 6x7 cm, 6x8 cm, 6x9 cm, 6x12 cm or
6x17 cm (which results in an effective image circle as large
as 7 inches).

Digital sensors that are smaller than the limits of a
corresponding lens system have been introduced. For
example, Nikon digital sensors are smaller than 24 mmx36
mm, or advanced photo system (APS) size. Efficient stack-
ing of pixels allows a smaller sensor to eventually match the
performance of a corresponding film system, while using the
smaller circumference of the same lenses. Since the outside
edges of the lens typically degrade resolution and contrast,
this model using the smaller digital sensor can have an
advantage of using primarily the centralized “sweet spot” of
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the image area. However, this smaller sensor size sacrifices
the peripheral effects of a wide-angle lens, so a 14 mm
becomes a 21 mm in a 1.5x conversion-sized sensor in a 35
mm lens system. On the other hand, with telephoto lenses,
the angle of view is limited to the center 65% of the image.
This gives the appearance of upconverting a telephoto lens
by 1.5x and thus provides an impression of increased
magnification; a 400 mm f/2.8 lens appears as a 600 mm
/2.8 lens on a camera with a cropped digital sensor. Ultra-
wide-angle lenses have been introduced with smaller image
areas than 35 mm to compensate for smaller sensor size.

Though invented over thirty years ago by Dr. Bayer, the
charge coupled device (CCD) that is used in many digital
cameras generally emulates the behavior of film. Specifi-
cally, since most photographic film has three layers of green,
red and blue, with green representing fifty percent of the
emulsion and red and blue twenty-five percent each, the
CCD architecture also configured pixels to capture fifty
percent of the green photonic visible light spectrum and
twenty-five percent each for pixels recording red and blue
light. Human eyes see more green than red and blue, so both
film and digital sensors seek to emulate the way that we see.
Each light color is captured by a different pixel in the CCD,
just as there are three emulsion layers of film. In recent
years, Foveon has developed a digital sensor for image
capture that further seeks to emulate film by structuring the
pixels into three layers, again with fifty percent capturing
green light and twenty-five percent each capturing red and
blue light.

Unfortunately, unwanted artifacts are also captured by the
digital image capture process. These include banding and
moiré effects that present false patterns and colors. Moiré
patterns are created because the dot pattern of a sensor will
intermittently overlap with the pattern of a subject to create
a third pattern; these effects are optically-generated digital
distortions that represent the effect of light hitting a pixel
without correction. In order to compensate for these effects,
digital sensors have employed low pass filters consisting of
liquid crystal structures; however, these filters tend to have
the effect of softening image resolution. Additionally, RGB
or CMYG color filters are placed in front of digital sensors
to ensure the accurate capture of colors.

CMOS digital sensors present an alternative to CCDs. By
employing alternating positive and negative transistor net-
works, the CMOS sensors use less power. While they do not
have the low noise ratio of the CCD, they do have greater
light exposure latitude, in both range of ISO and dynamic
range of detail in highlight and shadow. More importantly,
CMOS sensors contain the circuitry, including analog to
digital converter (ADC) and digital to analog converter
(DACQ), for post-processing digital images on the chip itself
and enabling increased micro-miniaturization of the digital
imaging process. An increase in the bit rate of the CMOS
chip up to 32-bit makes possible a much richer color palate
and level of detail than with earlier generation CCDs.

CMOS sensors can be full-frame, matching the lens
specifications for the camera systems for which they are
designed. A relatively bigger sensor has a wider depth of
field capability, so the background can appear as a blur to set
apart the main subject. Given these capabilities, one problem
that emerges is that a digital sensor’s enhanced capabilities
to capture details may exceed the maximum optical resolu-
tion capabilities of many lenses. Nevertheless, CMOS sen-
sors still require an anti-aliasing filter to be used in front of
the sensor, which marginally degrades resolution.

Over the years, cameras have gotten smaller. While in the
19" century cameras were 11x14 or 8x10, literally capturing
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images on large emulsion plates, cameras of today are
smaller and more automated. Yet the larger the film size, the
bigger the enlargement potential and the increase in relative
detail in the overall image. Similarly in digital photography,
the larger the sensor, the more detail available and the bigger
the output print can be enlarged. Because of this correspon-
dence of digital sensor to film, the evolution of digital
photography has been restricted to respective film camera
systems, with 35 mm and medium format systems dominat-
ing the field because well-developed lens systems have
already been organized for these camera formats. The poten-
tial exists, however, to develop 35 mm camera system digital
sensors that rival film-based medium format or large format
camera system quality or to surpass the limits of 35 mm
camera systems with medium format camera system digital
sensors. The relative size, cost and automation advantages of
35 mm camera systems generally show that these systems
not only are competitive, but that these markets are increas-
ingly accelerated relative to larger format systems. For
example, the development of large aperture lenses, super-
telephotos, rapid auto-focus, refined automated exposure
and image stabilization systems in 35 mm systems has
solved various problems that have emerged in the last
century and has improved image quality and camera system
efficiency.

However, in the digital imaging realm additional prob-
lems have emerged, including the need to improve color
(hue and saturation) quality, exposure highlight range, con-
trast range and other tonal adjustments. In addition, digital
image capture brings its own set of aberrations, including
moiré and banding effects and noise and ISO range limits.
Additional aberrations are linked to the unique design of
each type of digital sensor, with trade-offs presented
between types of CCDs or CMOS chips. Moreover, there are
still optical problems in the digital realm, namely, a range of
optical aberrations created particularly by wide-angle and
zoom lenses as well as the limits of very large, costly and
heavy super-telephoto lenses.

In order to transcend the optical and digital limits of
present camera systems, software systems have been devel-
oped that deal with the problems in post-production. While
the most notable of these post-production digital editing
software programs is Adobe Photoshop, each camera manu-
facturer has its own proprietary program. In the main, these
post-production software programs are limited to color
correction and sharpening/softening of images. Additionally,
some of these software programs are able to emulate specific
artificial filter techniques to produce creative modifications
of an original image. Nevertheless, manipulating unfiltered
RAW image files in post-production processes is time-
consuming and expensive and requires considerable skill.

One unintended effect of using digital sensors to capture
images in digital photography is that dust accumulates on
the sensor surface and thereby obstructs a clear optical
image. The vacuum behavior of increasingly ubiquitous
zoom lenses moves dust in lenses that are not internally
sealed and the existence of dust is a prevalent feature of
digital photography. Dust on the sensor is a non-trivial
problem that requires tedious post-production correction for
each image. The existence of dust on a digital sensor is an
inconvenient impediment to achievement of optical imaging
quality.

What is needed to correct these various optical and digital
aberrations and unfiltered image files is in-camera modifi-
cation capability for each specific image problem. The
present invention describes a digital imaging system to
optimize optical results.
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Applications of the Present Invention

The present invention has several practical applications.
The digital imaging system applies to consumer and pro-
fessional still and video camera technologies, to cellular
telephones and to personal digital assistants (PDAs). Since
video technologies are evolving into digital formats, includ-
ing HDTV and its successors, the present invention would
be applicable to these technologies. The present invention
also applies to networks of remote camera sensors for
surveillance. The system also applies to native digital cin-
ematography and telecine conversion from analogue to
digital media. The system may be applied to image scanning
and image copying technologies. Finally, the present system
may be applied to any optical digital capture, processing and
storage sub-system technologies, including groups of sen-
sors or satellites.

Advantages of the Present Invention

There are several important advantages of the present
invention. The present system dramatically improves image
quality. This digital imaging system eliminates, or mini-
mizes, post-production processes. In addition, the system
presents substantial cost savings as well as time savings
relative to existing digital imaging systems because of the
automation of integrated in-camera optical and digital cor-
rections of aberrations.

With the present system, in-camera digital filters will
largely replace optical filters. With less distortion, cost and
weight/size than current optical filters and with far more
control and quality results, the present system demonstrates
that in-camera digital filtration out-performs better than
external filters. The in-camera filter system is also an
improvement over post-production digital filter systems
which require substantial time, cost and skill to implement.

By using the present invention, users will be able to use
lens apertures that are wider open, because lens aberrations
will be corrected. In turn, this increased latitude will allow
more efficient (2+ stops) use of available light and will allow
slower lenses to achieve quality images that have tradition-
ally been in the domain of expensive fast lenses. The process
of photography will be made generally more eflicient.

The present system allows camera manufacturers to
design different, predominantly smaller, lenses. Moreover,
with providing a system for digital corrections, camera
lenses may use less expensive optics and still obtain good
results. This process will, in turn, accelerate the adoption of
low-cost digital photographic systems and, in the aggregate,
increase the overall size of the digital photographic market.
Similarly, there will be an increase in the effectiveness of
zoom lenses, which are already becoming popular. With the
present system, 35 mm optics may obtain the quality typi-
cally recognized by 4x5 film camera systems. The present
system will thus facilitate photographic digital imaging to
supplant the film era.

Its application to digital scanning and copying will allow
the present system to become ubiquitous as a system to
improve imaging.

Because the system presents an integration of several
critical subsystems that are centered on digital imaging
processes, the system has applications to video photography,
satellite systems and surveillance systems. The dynamics of
the operation of the subsystems of the present digital imag-
ing system reveal the refinement, efficiency and optimiza-
tion of the digital photographic paradigm.
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Importantly, since the present system uses apparatus and
methods that are implemented with software processes,
in-camera software can be constantly upgraded and remotely
downloaded, while image files can be automatically
uploaded, organized and published.

If the goal of the evolution of photographic technology is
to increase the number and quality of excellent images, the
present system will revolutionize photography.

Solutions to Digital Imaging Problems that the Present
System Presents

The present system provides in-camera digital corrections
to both optical and digital aberrations. In the case of optical
aberrations, distinct lens-specific imperfections are caused
by wide-angle, telephoto and zoom lens types. In the case of
digital aberrations, specific digital artifacts, such as aliasing
and dust, must be corrected.

The present invention also designs specific improvements
to digital sensor design. These hardware architecture modi-
fications allow digital imaging to maximize both optical
resolution and image exposure range.

Post-capture in-camera filtration is only part of the solu-
tion. There is also a need to modify the digital sensor,
whether CCD or CMOS, with specific filtration in some
cases, including a low pass anti-aliasing filter and a polar-
izing filter. This post-optic pre-sensor filtration works with
post-sensor in-camera filtration processes.

In the context of specific complex processes, such as in
zoom lens modifications of focal length and in full-motion
video processing, additional corrections are performed using
the digital imaging system which continuously optimizes
performance.

Finally, the present system reveals approaches to improve
network coordination and wireless external storage and
publication capabilities for digital imaging systems.

BRIEF SUMMARY OF THE INVENTION

The present invention is divided into several main sub-
systems: (1) digital filters to correct optical and digital
aberrations; (2) digital sensor improvements and nano-grids;
(3) digital system improvements that link multiple digital
corrections; (4) dynamic digital imaging system improve-
ments that apply to zoom lenses and video imaging; and (5)
digital image network improvements. There are several
distinct improvements for each category of sub-system
listed.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a digital imaging system.

FIG. 2 is a flow chart of an analog to digital signal
process.

FIG. 3 is an image of the vignetting corrective filter in an
optical lens.

FIG. 4 is a list of wide angle 35 mm lens types.

FIG. 5 is a flow chart of the digital corrective process.

FIG. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

FIG. 7 is a flow chart of the process of digital image
capture, processing and storage.

FIG. 8 is a flow chart illustrating the process of selecting
filtration settings.

FIG. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.

FIG. 10 is a flow chart showing exposure optimization
using digital correction in camera.
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FIG. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

FIG. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

FIG. 13 is a flow chart describing the exposure adjustment
of an image using in-camera filtration.

FIG. 14 is a flow chart showing the process of in-camera
special effects filtration.

FIG. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.

FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.

FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

FIG. 19 is a diagram of a nano-grid.

FIG. 20 is a diagram showing the feedback loop connect-
ing the processor and the nano-grid.

FIG. 21 is a diagram illustrating the tri-pixel architecture
in a digital sensor.

FIG. 22 is a flow chart showing the pre-programmed
modules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.

FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FIG. 29 is a flow chart showing the dynamics of zoom
lens corrections in digital imaging.

FIG. 30 is a diagram illustrating object tracking in
dynamic changes in video corrections.

FIG. 31 is a flow chart showing object tracking of a digital
imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE
INVENTION

(D Digital Filters to Correct Optical and Digital Aberrations
(1) Lens-Specific Digital Correction of Fixed Focal-Length
Lens for Specific Optical Aberrations in Camera.

Each lens has some sort of aberrations because of the
trade-offs involved in producing lenses of usable size and
practical commercial cost. The challenge of building lenses
for SLR camera systems lies in accounting for particular
restrictions and compromises, particularly for wide-angle
and zoom lenses. In the case of wide-angle fixed focal length
lenses, several main kinds of aberrations occur, including
spherical aberration, distortion (pin cushion distortion and
barrel distortion), astigmatism, curvature of field (manifest-
ing as the reduced corner exposure of vignetting) and
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comatic aberration (a distortion evident with long expo-
sures). The extremes of each of these aberrations have to be
corrected in post-production.

In the case of vignetting, a type of aberration in which the
corners of an image are exposed a stop less than the image’s
center area, software can digitally emulate a center-neutral
density filter to compensate for the light fall-off on the
edges. This operation identifies the degree of light fall-off
for each specific lens and adjusts the brighter areas in the
center of the lens by appropriate exposure compensation. A
consequence of this digital equivalent of the traditional
optical solution to vignetting is that the image will require
exposure metering of the subject at a level consistent with
the outside edges of the image rather than the typical inner
section. In the present system, the camera will use pre-set
calculations compensating (generally one stop) for the spe-
cific gradations of the curvature of the field for each lens,
with an increasing compensation correlated to an increased
angle of view. Similarly, barrel distortion and pin-cushion
distortion, which also manifest in image corners, are cor-
rected using processes of employing pre-set calculations, to
compensate for optical distortion, particularly in wide-angle
and zoom lenses.

In addition to integrating into the camera the traditional
process of image correction for exposure gradations of
vignetting, the present invention offers two further embodi-
ments. First, instead of darkening the center to match the
darker corners, the in-camera digital compensation system
will lighten the corners to match the exposure of the center
of the image. In the second embodiment, the in-camera
digital compensation system will both lighten the corners
somewhat and darken the center of the image somewhat, to
produce a more pleasing and realistic effect. The in-camera
digital corrections of the vignetting problem dramatically
improve the traditional optical solution of a center-weighted
neutral density filter, which typically degrades image quality
as it evenly illuminates the full image.

Since each lens has specific aberrations, depending on
manufacturer and even differences in the specimens them-
selves, the camera software system will have prepro-
grammed general corrections for each specific lens type. For
instance, while a 20 mm 2.8 lens varies among manufac-
turers, the general optical aberrations will be similar. An
effective software solution is one which brings the optical
image quality to a level consistent with a benchmark as
measured by low MTF curves for each lens in its class in
terms of both resolution and contrast throughout the image.
To exemplify this benchmark, retrofocus rangefinder lens
performance results of wide-angle lenses, which lack a
shutter mechanism to design around, can be used for com-
parison. To accommodate the mirror in the SLR design type,
the rear nodal point in SLR lenses are shifted forward,
creating distortion. In contrast, the present system suggests
applying a digital solution to compensate for this problem.

In a general sense, this process of correction is similar to
correcting an ocular astigmatism with reading glasses. How-
ever, rather than using an optical solution to an ocular
problem, the present system reveals a digital solution to an
optical problem.

In the process, the camera identifies a specific lens and
refers to a database that matches the lens type with the
specific aberrations. The aberrations are consistent through-
out all images for each formula of a specific prime lens type
and are thus corrected by adjusting for each specific aber-
ration category. Generally, the larger the angle of view of a
lens, the greater the distortion and the greater the need for
in-camera digital corrections.
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In addition to the kinds of distortions created in wide-
angle lenses, other types of distortion occur primarily in
large aperture telephoto lenses, most notably chromatic
aberrations that require apochromatic corrections. Rather
than employing large, heavy and expensive extra dispersion
glass, such as fluorite elements, the present system allows
each lens type to be digitally corrected for these types of
aberrations. The in-camera digital process works by identi-
fying a specific lens and comparing the lens pattern to an
internal database. Mathematical calculations compensate for
the shift in red and green light that apochromatic corrections
require for very low MTF curves registering high standards
of resolution and contrast by emulating the optical benefits
of extra low dispersion glass elements.

Since lenses of the same focal length but with different
maximum apertures represent completely different lens
designs, modifications of their aberrations will vary relative
to each specific lens type. For example, a 24 mm 1/2.8 lens
will have a different optical formula than a 24 mm f1.4 lens
in a 35 mm camera system. Similarly, a 28 mm /2.8 will
differ from both a 28 mm f/2 lens and a 28 mm f1.4 lens and
will thus each require different adjustments for vignetting,
spherical aberration, pin cushion distortion, barrel distortion
and coma. In other words, each lens with a unique optical
formula will have specific aberrations, the corrections for
which will be accessible in a database.

Another type of optical aberration that affects lenses
involves flare, which is a sort of specific reflection of light
sources. While improvements in lens coatings have been
used to correct for flare, high refractive glass also eliminates
flare. The present system uses digital processes to emulate
these flare reduction functions on lenses even at maximum
apertures.

In addition to the lens-specific types of corrections that
are supplied by in-camera software, a function that opti-
mizes contrast provided by limited reflected light is
required. In general, lens hoods reduce reflected light. How-
ever, in the absence of a lens hood, scattered light will
adversely affect contrast in all lenses. Thus, a general digital
solution will optimize contrast from reflected light by emu-
lating the effects of a lens hood.

Because the pixels on a digital sensor behave as neutral
intermediaries to record light, the aberrations on specific
fixed focal length lenses will be prominent. It is therefore
necessary to filter out various optical impurities. In all cases,
the digital in-camera software program emulates specific
filters to effectively correct specific optical aberrations.

By digitally adjusting for optical distortions, the present
system advances the state of the art for fixed focal length
lens optics, beyond any opportunities available in film
cameras. The following chart illustrates a list of optical
distortions that are corrected by in-camera digital solutions.

Fixed Focal Length

Lens Type Zoom Lens Type
Specific Wide- Wide- Wide-to-
Aberrations angle Telephoto angle Tele Telephoto
Spherical X X X
Comatic X X X X X
Astigmatism X X
Distortion (Pin X X
Cushion and
Barrel Distortion
Curvature of Field X X
Chromatic X X X
Flare X X X X X
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-continued

Fixed Focal Length

Lens Type Zoom Lens Type
Specific Wide- Wide- Wide-to-
Aberrations angle Telephoto angle Tele Telephoto
Scattered light X X X X X
(Unpolarized)
Color Accuracy X X X X X
No Lens Coatings X X X X X

(2) Multivariate Digital Correction Using Matrix Filter
System in Camera

Since typically several distinct aberrations exist in a lens,
it is necessary to correct each of the aberrations. For this
multi-dimensional problem there is a multivariate digital
in-camera software correction solution. The problem of
correcting multiple aberrations presents the additional chal-
lenge of requiring acceleration to complete multiple tasks
rapidly. In most cases, the hardware employed in a camera’s
chip set will include an application specific integrated circuit
(ASIC) which processes a particular program rapidly. It is
appropriate to facilitate the combination of corrections to
multiple simultaneous aberrations with an ASIC or multiple
ASICs.

There is a need to optimize both resolution and contrast
across the image area for accurate light reproduction. One
way to do this is to stop down the lens to an optimum
aperture of about /8. However, this solution sacrifices the
advantages of a fast lens design and capability, namely,
limited depth of field and bokeh (smooth out-of-focus area).
Though resolution is typically improved by stopping down
a lens, digital sensors are generally still restricted in their
latitude of contrast. Therefore, regarding both resolution and
contrast, it is necessary to provide multiple adjustments of
the native image with in-camera digital corrections.

While it is possible to produce mathematical algorithms
for automatic correction of optical aberrations, it is also
useful to have manually adjustable variables. Therefore, the
present system includes a function whereby one may omit a
specific correction in an image by using a lens with multiple
aberrations in order to induce a particular creative effect.
This factor may involve a lack of exposure compensation, a
lack of correction for spherical aberration or an improperly
or partially corrected apochromatic modification.

In one example of the use of multiple corrections, simul-
taneous application of multiple digital filters concurrently
corrects multiple aberrations. In effect, this is like adding
layers of different eye glasses to repair multiple types of
astigmatisms for each specific ocular condition. The dynam-
ics of correcting multiple simultaneous aberrations may be
complex, but since the number and type of aberrations are
constrained to a specific lens type, a centralized database
may be accessed with specific corrections for each respec-
tive aberration. For example, lenses with multiple complex
aberrations, such as in very wide-angle lenses, will require
multiple corrections. These combinations of corrections
become complex as focal length modes change in zoom
lenses and as aperture changes.

The following is a list of filter types that provide digital
methods of correcting image problems or creating specific
effects. The list is not intended to be comprehensive or
systematic.
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Filter Type in Digital App. Most Common Uses Other Filter Types
UV (and Sky) General Use Polarizer
Color-enhancing 17 mm-200 mm Close-up
(and warming) (in 35 mm)
Contrast 17 mm-200 mm Special effects
(in 35 mm) filters
Black and White 17 mm-200 mm
(Red, Orange, Yellow, (in 35 mm)
Green)
Infrared 17 mm-200 mm
(in 35 mm)
Color Graduated (Neutral 17 mm-200 mm
Density) (in 35 mm)
Diffusion 24 mm-135 mm
(Soft, mist/fog, star, streak) (in 35 mm)
Combinations (Neutral 17 mm-200 mm
density and enhancing, (in 35 mm)

Polarizer and UV)

In the past, these optical filtration processes were added
after the production process via editing software such as
Photoshop. However, in the present system, these combina-
tions of processes are performed in-camera by user-adjusted
settings. In the case of artificial color changes to an image,
digital processes emulate specific optical filters by adding a
specific color or a combination of colors. On the other hand,
in the case of diffusion filtration, the in-camera digital
process creates an emulation of optical filters. The classic
example of this diffusion approach is the soft filter, which is
used for portraiture. In this case, various user-adjustable
settings in the camera digitally manipulate soft filtration.
(3) Depth-of-Field Optimization Using Digital Correction in
Camera

In addition to correcting optically-generated aberrations
with in-camera digital processes, the present system allows
in-camera depth-of-field (DOF) optimization by affecting
the aperture of the lens that is used.

DOF in an image is dependent on the aperture setting in
a lens, in which a moderate DOF range—allowing a subject
to be isolated in an image—can be manipulated, that is,
extended or narrowed, by the camera’s digital processing
capability. In the film paradigm, one obtains a specific
aperture, and thus the corresponding DOF, that is preset by
the photographer. However, in the digital paradigm, by
contrast, one can narrow an image’s surplus DOF range
in-camera by manipulating the aperture. This process can
only be done in the camera, because once the digital file is
sent to post-production editing, the aperture and DOF is
already set and incapable of being changed. The aperture is
narrowed in camera by isolating the subject and shifting the
field of view (forward from the rear range of DOF and
backward from the front range of the DOF). Distance
information is used to recalculate an optimal DOF. In
another embodiment, the camera provides feedback from an
internal computational analysis that results in a specification
of less DOF and takes another image (or images) with a
larger aperture to accomplish reduced DOF at a specific
focus point.

The camera will effectively identify a type of subject and
provide an optimal aperture for this subject. For instance, for
a portrait, the camera will select a shallow DOF around the
subject. In the case of a distant landscape, the camera will
focus on a distance at infinity and provide a nominal aperture
to correspond to shutter speed that will fit the available light
as matched to a specific lens. A near landscape photographed
with a wide-angle lens will, on the other hand, have a near
focus and a maximum DOF; specific subjects will be high-
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lighted with ample DOF. The camera will also have the
capability to bracket exposures in several successive images
based on DOF variations.

The DOF manipulation thus depends on a combination of
data sets including the particular lens used (wide-angle
lenses have greater DOF at moderate distances than tele-
photo lenses), the distance information and the unique
combinations of aperture and shutter speed. DOF will nar-
row with less distance, with use of a telephoto lens and a fast
aperture; contrarily, DOF will expand with a further dis-
tance, with use of a wide-angle lens and a slower aperture.

In another embodiment of this process, test images are
taken and analyzed, then later images taken with new
settings optimize DOF for each image type.

(4) Exposure Optimization Using Digital Correction in
Camera

One phenomenon that film currently records better than
digital photo technology is exposure latitude. Film is
capable of greater exposure latitude than either CCD or
CMOS digital sensors, though each digital sensor type has
strengths and weaknesses. For the crucial detail recorded in
a scene, film provides far more depth of tonal range. Yet
some of this problem—caused by the limits of digital
sensors themselves and the way that photons are recorded by
electrically charged pixels—can be digitally corrected and
optimized in-camera.

The problem derives equally from the method of measur-
ing exposure as well as the method of image capture by a
digital sensor. In general, since there is less exposure latitude
in digital sensors, as compared to film, the maximum scope
is two or three stops in the image tonal range. Consequently,
the camera must meter the image within constraints of the
tonal range of the digital sensor, with the sacrifice of either
shadow detail or highlight detail. In an image with broad
exposure range, then, the image will generally be either too
light or too dark because metering for one area sacrifices the
other tonal category.

One way to solve this problem is to manipulate the lens
aperture, because increased aperture within an optimal limit
generally increases detail. An optimal aperture of /8 pro-
vides more detail and clarity than at {/2 or at /32. The
in-camera processor may thus seek out more detail in the
image by manipulating the aperture to the optimal range of
/5.6 to /11, depending on the type of subject and the
availability of light. With more detail in the original image,
it is possible to interpolate the digital data in the image file
by increasing both shadow and highlight detail and to gain
an additional stop or two of tonal range.

In another embodiment, the tonal range of an image data
set is enhanced in-camera by using meta-data to sample the
range of shadow and highlight detail. The data sets are
interpolated to add requested shadow detail and/or highlight
detail. Obviously, some subjects require more or less
shadow or highlight (or both), which the camera can corre-
spondingly adjust. These tonal range corrections are user-
adjustable.

In an additional embodiment of in-camera tonal range
corrections, exposure data are bracketed by manipulating the
aperture and shutter speed to lower or raise the overall
exposure in one-third to one-half stop increments. This
bracketing method may be correspondingly limited to a
specific image type. For instance, in a portrait, the extrane-
ous background, which ought to be out of focus, is not
emphasized in the exposure data, while the main subject is
carefully nuanced for balancing an optimum of both high-
light and shadow, or for an exclusive emphasis on either
highlight or shadow.
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The overall problem of limited tonal range in digital
photography stems from mismatched exposure-metering
mechanisms of digital sensors with substantially restricted
tonal range capabilities. One interesting example of this
problem occurs in scenes with two or more stops of differ-
ence, such as a landscape with sky on top and earth on
bottom. A filtration process will operate on the key parts of
such an image, as described above regarding the vignetting
phenomenon; the overexposed top half of the scene will be
gradually underexposed while the lower half of the scene
will be gradually overexposed. This scene-specific adjust-
ment of exposure greatly increases the tonal range of digital
images and is made possible via analysis of the scene and
comparison to a database of typical scenes categorized by
the in-camera digital processor which effects correction
using the methods described herein. In this example, the
corrective process emulates the use of neutral-density opti-
cal filters.

(5) Special Effects Digital Filtration of Specific Objects

Though there are several main categories of special
effects optical filters, including color enhancing, infrared
and diftusion, the use of diffusion filters appears to elicit the
most dramatic effect. Diffusion filters are categorized as soft
effect, mist/fog, black mist, gold diffusion, and star and
streak, with various degrees of diffusion producing lesser or
greater distortions. In effect, rather than removing optically-
generated distortions, we are deliberately creating photo-
graphically desirable distortions. It is possible to reproduce
these special effects by using the digital post-capture pro-
duction processes in the camera. In this case, the camera
digitally emulates the special effect by applying user-adjust-
able filter settings.

Portraits have traditionally used some sort of soft effect
filtration approach which is producible in the camera using
the methods described here. After the image is captured, the
camera analyzes the image’s meta-data and applies a cor-
rection by interpolating the data with specific filter emula-
tion. In the past, specific camera lenses, such as the 135 mm
soft effects (also called “defocus control”) lenses performed
this function optically with an included adjustable lens
element. This defocus control lens type will focus on the
main subject and a lens element setting of the telephoto lens
to produce a soft filter effect. In addition, because this lens
type uses a nine blade aperture, the background that is out
of focus has a pleasing bokeh in which the gradations of tone
are evenly smooth. Nevertheless, a sophisticated digital
camera is able to produce the same results with more
information provided by a normal telephoto lens, using the
method of emulating special effects in-camera.

Another novel special effect that is a further embodiment
of'the system is the ability of the in-camera digital corrective
system to use complex data sets contained and analyzed in
an image to create a three dimensional (3-D) representation
of the image. The camera creates a 3-D image by arranging
the DOF in a way that optimizes the aperture by using
distance information and autofocus data to isolate a subject.
By removing the foreground and background of the image as
a center of subject focus, the DOF will emphasize the
subject only as 3-D. The key to this effect is the application
of specific exposure data as indicated above, because it is in
the increased extension of the range of highlight and shadow
that the subject in the image will attain a 3-D quality in
contrast to its out of focus foreground and background.

An additional embodiment of the present system would
extend the still photography in-camera special effects to
video with full-motion ranges of filtration actions.
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Finally, it is possible to combine different user-program-
mable special effects in-camera by adding the various types
of diffusion methods for a specific image.

(6) Selective in-Camera Filtration of Specific Objects

The combination of sophisticated auto-focus technologies
and in-camera auto-exposure systems provides the opportu-
nity to isolate a subject by focusing on the subject and
narrowing the DOF range by manipulating the aperture. In
a further extension of the subject-isolating capabilities of
these technologies, it is possible to digitally filter out specific
objects in a scene in-camera while focusing on other
selected objects that are in a specific range of DOF. In other
words, one may apply filtration to correct aspects of a single
object or only the background of a scene to the exclusion of
an isolated object, rather than correcting a whole scene.
Selective filtering of specific objects in an image by in-
camera digital processing affords greater creative flexibility.

Because the camera uses distance information to isolate a
specific object by focusing on the object within a range of
DOF, it is possible to isolate a particular object for the
purposes of applying a specific filtration preference, such as
manipulating the color, correcting the optical aberration
(say, if the object is in a corner of the image of a wide-angle
lens), providing a special effect (such as a soft effect only on
a specific object rather than the scene as a whole) or using
some combination of these corrections. Once the camera
isolates the selected object (using auto-focus mechanisms
and distance information), the user selects programmable
correction features to perform a corrective function only on
the specific object (or only on the parts of the scene that are
exclusive of the object). In a further embodiment, contras-
tively, once the object is isolated, only the background may
be selectively manipulated with filtration, achieving pleas-
ing effects. This in-camera corrective feature provides a
powerful tool to rapidly manipulate an image without using
post-production editing software tools.

These object-specific in-camera selective filtration capa-
bilities are particularly dramatic with fast-moving action
photography in which split-second timing produces the
preferred complex effects. Selectively identifying a particu-
lar object for intensive combinations of filtration is a high-
light of the present system.

(7) Digital Correction in-Camera of Intermittent Aberrations
Caused by Dust on Digital Sensor

Dust on a digital sensor is a major concern for photog-
raphers. The use of zoom lenses compounds this condition,
because as the zoom lens changes focal-length positions, air
is transmitted, which results in the proliferation and diffu-
sion of sensor dust. Unless photography is isolated to a clean
room, the problem of dust on a digital sensor will remain
prevalent. The present system provides a method to correct
for this phenomenon.

In the case of dust on a sensor, a specific consistent pattern
emerges on each image captured by the digital sensor.
Consequently, information from various images is analyzed,
and the pixels affected by dust are identified. Information
from the consistent fixed pixel positions that are affected by
the dust are then isolated. The specific positions with the
dust are then analyzed by comparing the immediate areas
surrounding the dust that are not affected by it. These
unaffected areas are analyzed, and the affected areas are
interpolated to provide a continuous tone. In effect, the
images identify the locations with dust by using caching
technology. The continuity of the location of the dust
between multiple images provides information to the in-
camera image processor to detect the specific pixel loca-
tions. The camera will then apply a corrective process to the
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isolated dust locations with adjoining exposures by interpo-
lating these distinct locations for each specific image con-
figuration.

In another embodiment of the present system, “hot” (too
bright) or “dead” (too dark) pixels are interpolated out of the
scene using the method described above. Unlike hot or dead
pixels, dust is a similar but temporary version of the same
problem of an artifact that requires in-camera modification.
In effect, a map is built to discover, isolate and interpolate
bad pixels, which are a permanent problem revealing a key
limit in digital sensor technology. Separate maps are con-
structed for permanent pixel dysfunctions and temporary
pixel aberrations (viz., dust). In both cases, the camera
works from these maps to correct the aberrations on a
pixel-level.

In a further embodiment of the present system, Monte
Carlo analysis is applied to the problem of identifying the
location of dust on specific pixels (or partial pixels) by
randomly creating an initial map from information of at least
two contaminated images.

In still another embodiment of the present system, the
process of modifying pixel aberrations (either permanent or
temporary) uses a sequence of operation which begins by
correcting the major aberrations first, then repairing the
minor aberrations, thereby maximizing efficiency. This is
done by starting the corrective process in a specific location
of the image and moving to other positions in an efficient
pattern.

(8) Sequence of Corrections for Multiple (Optical and
Digital) Types of Aberrations in Camera

Since it is evident that multiple digital filtration
approaches may be used for specific types of problems or
aberrations or to achieve specific effects, it is clear that a
combination of the techniques may be employed simulta-
neously on specific images. The present invention allows the
various optical and digital corrections to be performed in
camera in a sequence of actions. The user selects the various
combinations of functions required to be performed,
inspects the effects, and chooses the most effective combi-
nation of effects. Thus the invention offers a combinatorial
optimization of the totality of corrective (filtration
approaches.

After the images have been taken, it is possible to inspect
them in the camera using the camera’s image read-out. This
makes it possible to create new files, or to adapt a RAW file,
in real time, by manipulating the various corrections in
sequence. This post-image-capture in-camera editing pro-
cess allows multiple corrections to be applied to a range of
optical and digital aberrations by combining various specific
corrective techniques.

In some cases, the user can pre-set specific corrections.
For instance, to correct for optical aberrations, a user may
leave this function on permanently. In other cases, such as
selective filtration of a specific object or optimization for
DOF or exposure, there may be discriminating use of
specific corrective functions. In the case of selective user
choice, it is possible, by using the present invention, to select
a priority sequence of corrections in layers. While specific
select layers may be permanently activated, for example to
automatically adjust specific optical aberrations, additional
sets of layers may be manually selected in order to modity
the specific aspects of each image, particularly to adjust or
correct digital aberrations. This process can be performed
with a single microprocessor, multiple microprocessors,
multiple ASICs or a combination of microprocessors and
ASICs.
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An additional embodiment of the system provides mul-
tiple combinations of corrections and effects via multiple
independent ASICs, which only perform specific functions,
working in parallel. The various tasks are divided into
specific-function ASICs for rapid processing. The advantage
of this approach is accelerated processing speed in perform-
ing multiple simultaneous functions.

(II) Digital Sensor Improvement and Nano-Grids
(9) Interchangeable Digital Sensor System Using Both CCD
and CMOS to Optimize Best Results

Because the main digital sensor types of CCD and CMOS,
like film types, each have benefits and detriments, it is
sometimes advantageous to provide the utility of both sensor
types in a camera system. With the exception of a video
camera, which employs three CCDs, the use of multiple
sensors has not been adopted. Two generations ago, how-
ever, the idea of using a twin reflex camera for medium
format photography was implemented. In this case, though
focus was coupled between the lenses, one lens was used to
see the subject, while the other lens took the picture. This
method was used to obtain the benefits of a rangefinder
camera with a single lens reflex camera.

The use of two types of sensors in a camera is compelling,
because the user benefits from the strengths of both. In the
present invention, one sensor is selected from among at least
two different types of sensors that are rotated to an active
position by the user. One advantage of this approach is that
if one sensor experiences a problem, there is a reserve sensor
available at the push of a button.

This capability usefully exploits the strengths of each
particular sensor. For instance, in situations in which high
resolution is required, a CCD may be preferable, while in
cases in which increased tonal range or low noise is pref-
erable, a CMOS sensor may be preferable. With this
approach, a customer does not need to choose between
different types of sensors.

The process of interchanging the two chips is performed
by placing the two chips on either fagade of a plane that
“flips” over (i.e., rotates 180 degrees) upon demand to obtain
the requirements of the chosen chip type. This mechanism
would fit behind an SLR’s mirror and could easily be
performed as long as the mirror is in the “up” position. In
another embodiment, the chip exchange process can occur
by sliding alternating chips into a sleeve from a single
location and replacing the non-utilized chip(s) into the
reserve compartment. In either event, the camera will detect
the chip exchange and will automatically reprogram soft-
ware functions and settings for the usable chip.

(10) Nano-Grids for Selected Pixels on CCD or CMOS
Integrated Circuits to Optimize Selective Modifications of
Exposure, ISO and Aberrations in Digital Photography

Digital sensors consist of arrays of pixels, arranged in
rows, which behave as tiny buckets for converting photons
to electrons. As the pixels fill up with light, they are able to
discern slight differences in color and exposure and transfer
the energy, in the form of electrons, to storage. Charge
coupled devices (CCDs) have been the predominant form of
digital sensor because they use a form of electronic charge
which creates the behavior of a bucket brigade of transfer-
ring data, once the buckets in a row are filled up, to
successive rows for digital data storage of the electronic
charge sets. CMOS digital sensors may be structured with
larger bucket pixels, which can increase the depth of the
light captured and thus the latitude of light exposure that is
stored. However, for the relatively larger buckets to provide
increased photon capture capacity, it is necessary to control
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the width of the opening in the top and the width of the
buckets so that the amount of light captured may be modu-
lated.

The present invention introduces a key advance in the
ability of digital sensors, particularly CMOS sensors, to
modulate the size of the openings of the pixels. Specifically,
the present system provides for a nano-grid, or a very small
matrix of filaments, which fits over the sensor. The nano-grid
is carefully calibrated to match the rows of pixels on the
sensor so as to limit the amount of light that each of the
buckets may receive. Use of the nano-grid allows a selective
closing of the large buckets in order for photons to be
restricted. Selective modification of specific pixels on the
neutral grid makes it possible to identify specific sets of
pixels to correct for various exposure or lens aberrations.

In this embodiment of the present system, data about a
specific lens are provided to the camera in order to correct
specific lens aberrations, while exposure data is used to
modify image capture using nano-grids for optimum image
performance.

Nano-grids may be selectively switched at different pixel
sites, akin to continuously programmable field program-
mable gate array (CP-FPGA) semiconductors, which modify
architecture in order to optimize effective operation by
constantly manipulating the chip’s gates.

Nano-grids may be used for specific image modes, for
example, nocturnal imaging, which requires more time to
read a sufficient amount of light. In this case, a specific
software module may provide lens and exposure data to the
camera, which then determine the precise composition of
nano-grid correction to provide to specific sets of pixels on
the digital sensor. In effect, nano-filaments move to positions
to effectively block out the full capacity of the pixel buckets
and thus change the pixel effects. With use of preset nano-
grid positions for particular applications, the identification
of specific vectors of nano-filaments is performed, and
exposure adjustments are made on specific images in hard-
ware.

The nano-grid is overlaid over the surface of the pixel
architecture. The nano-grid is used not only in specific
pre-set positions, but it also provides feedback to the post-
capture system for analysis and repositioning to achieve the
desired effects. One effect of the nano-grid is to manually
expand or narrow the range of a set of pixel buckets; this
process in turn effectively modifies not only the exposure
range but also sharpness at high ISO, thereby dramatically
reducing noise. Consequently, it becomes possible, by modi-
fying the pixel bucket width and height, to obtain extremely
sharp images with excellent contrast and tonal range even in
poor lighting, a feat heretofore impossible.

The nano-grid performs these mechanical functions by
moving the nano-filaments in an arc, like expandable wind-
shield wipers. Though nano-grids are particularly useful in
CMOS chips, they are also useful with CCDs. In fact, with
the advent of nano-grids, CCD pixel size (and density in
pixel-rows which will affect the overall sensor size) may be
expanded and thus made substantially more versatile.

In a further embodiment of the present invention, multiple
screens, or grids, would be placed over the digital sensor.
The use of multiple nano-grids provides increased capacity
to perform the function of closing off the pixel buckets and,
in fact, to completely close off selected pixels to make the
image effect completely dark. The combinations of nano-
grids behave as multiple screens that move left and right to
achieve the desired effect. Although there is a need to
periodically calibrate the screens to effect their precise
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positions, this system will employ an electric charge to push
the nano-filaments to the desired locations.

Nano-filaments move to block the space allowing photons
to hit the pixel in order to limit the amount of light capacity
available to the pixel. The complete darkening of the pixel
will result in a total black color in the resulting image.

Exposure data feedback is provided to the digital sensor
to effect the precise positioning of the nano-grid(s). In a
further aspect of the present system, the camera’s computer
will anticipate the exposure data by statistically extrapolat-
ing from the pattern created by at least three data sets. A
microprocessor (or ASIC) controlled nano-grid mechanism
will use the feedback to anticipate specific nano-grid posi-
tions in order to optimize the exposure and corrective
functions.

In one application of the nano-grid, the problem of
vignetting in wide-angle lenses may be solved by activating
nano-filaments in nano-grid(s) primarily in the corners to
correct for the darkening from the limits of the optical
aberrations, while still maintaining very low noise in a high
ISO (low light) photographic situation. The use of the
nano-grid would thus contribute to solving multiple prob-
lems.

Nano-grids will also be useful in accurately correcting for
both color and exposure detail. In fact, with nano-grids, the
capacity of digital sensors’ range should be substantially
increased, because the chips’ pixel bucket sizes can be
modulated. Therefore, not only will the lighting and color be
accurate, but sharpness and optical aberrations will also be
optimized, in ways not possible before.

(11) Integrated Nano-Grids in Digital Sensor

In a further embodiment of the system, nano-grids may be
integrated into the digital sensor. In this form of the nano-
grid, the nano-filaments are constructed within the pixel
buckets in order to increase their accuracy and responsive-
ness. The nano-filaments mechanically move in various
directions to perform the main operation of modulating light
into their respective pixels. This method of organizing
nano-grids and nano-filaments increases the rapidity of
response to feedback. In effect, each pixel has a mask, or
flexible lid, contained in it, which may open and close, to
allow more or less light into the pixel bucket.

The integrated nano-filaments are activated by oscillation
between positive and negative charges. In the context of a
CMOS sensor, the transistor networks oscillate between
positive and negative charges. This architecture allows a
“push-pull” design of nano-filaments in which the negative
charge “pulls” and the positive charge “pushes” the activa-
tion of the nano-filaments. This charge-enabled nano-grid
(CENG) advantageously allows modulating gates (i.e., fila-
ments) integrated into the pixel to reduce spaces between
pixels, thereby allowing more pixels to be packed on the
same surface area. The net benefit of the use of integrated
CENG filaments is that specific sets of nano-filaments will
produce specific effects on-demand and allow far more tonal
detail than has been possible before.

In a further embodiment of the present system, sophisti-
cated digital sensors may contain combinations of nano-
grids that appear on top of the sensor as well as nano-grids
that are integrated into the digital sensor. This combination
will provide maximum latitude for processing the greatest
effect available.

(12) Combinations of Nano-Grids and Digital Corrections
Applied to Digital Imaging System

Whereas it is possible to exclusively implement nano-
grids to control the amount of light penetrating specific
pixels, and it is possible to exclusively provide digital
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corrections as specified above regarding correcting optical
or digital aberrations, a further embodiment of the present
invention combines the two processes in order to optimize
imaging.

Combining these two complex processes makes it pos-
sible to modify pixel capacity to maximize exposure lati-
tude, to expand exposure modification and to apply digital
correctives for optical and digital aberrations. Hence selec-
tive exposure far beyond the limits of present film or digital
photography is made possible. The restrictions of film can
thus be transcended by using the present system, whereas
use of a static and limited digital system would not be
sufficient to facilitate these complex corrections.

The unique combinations of these processes also illustrate
a complex system that provides feedback from both the
environment and the photographer. The photographer may
select preset exposure settings that will activate a range of
options in both the nano-grids and the digital corrective
system, while the lens aberration corrective system is auto-
matically implemented. Once the camera detects specific
conditions, such as a broad range of exposure latitude, from
very bright to very dark, in the scene, it computes the precise
number and location of nano-grids needed to modulate the
pixels for optimum exposure with highlight and shadow
detail and extreme sharpness, even in relatively low light.
The dynamics of these multiple processes present trade-offs
in selecting the best available set of selected modifications.
(13) Tri-Well Pixels

As indicated above, one of the key problems with current
digital sensors involves dynamic range. There is a need to
limit the scope of the space in the pixel well, into which light
is captured, then converted into electrons. The challenge
with current technologies is to balance details in shadow and
highlight areas, particularly to achieve low noise at rela-
tively high ISO speeds.

In addition to the concept of nano-grids, both in surface
screen and integrated embodiments, as specified in (10) to
(11) above, the present system introduces the notion of three
side-by-side differentially-sized buckets within each pixel
intended to optimize dynamic range for increased sensitiv-
ity. In the most common configuration, the three different-
sized buckets are arranged with the largest bucket (in both
width and height) in the center, with the second and third
largest buckets on either side. The buckets are elliptical and
concave in architecture to increase efliciency of fitting
together in a round pixel structure. Their structures are
semi-circular and elongated. The largest and tallest bucket
will be tasked with maintaining the details in highlights, and
the smallest will be tasked with maximizing the details in
shadows, while the mid-sized bucket will be tasked with
maintaining the middle range of exposure details. The pixel
will have data from all three buckets available, but will
select the data from one or more buckets depending on the
exposure details.

The system is analogous to the high fidelity sound tech-
nology in speakers with crossovers, whose several frequen-
cies are used by the tweeters, mid-range(s) and woofers; the
crossover point at which the frequency changes from one
component to another can be modified based on the specific
mechanics of each component.

In the case of the multiple buckets in a single pixel, the
buckets are connected by filaments to a central grid which
captures and stores the electrons. When the photographic
scene displays increased light, image data from the larger
buckets are selected to be recorded by the processor, while
in cases of darkness and increased need for sensitivity, the
smaller buckets are selected to be recorded; the mid-sized
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bucket is used in normal light situations of most cases.
Further, this multi-aspect architecture can use pixels in
varying positions on the sensor differently, particularly to
facilitate processing far more dynamic range and to produce
uniform tonal range in scenes that vary more than two or
three stops. This novel multi-aspect model solves a number
of key problems involving exposure dynamics in digital
photography.

In another embodiment of the system, there may be more
than three buckets in a pixel, so as to divide out the functions
further and create even finer tonal continuity. In a further
embodiment of the system, several pixels in a super-pixel
allow red, green and blue colors to be segregated by each
sub-pixel. This approach will be useful particularly in CCD
semiconductors because of limits of this architecture, which
require coupling circuitry between pixels to pass a charge
between rows of pixels. In this case, outputs will vary
between the micro-pixels to facilitate the differential pro-
cessing required.

While cases of two side-by-side pixels might solve these
exposure latitude problems, they represent an inadequate
solution, much as a speaker with only two components limits
the dynamic range output dramatically in contrast with a
speaker with five components. This is similar to comparing
a diode and a transistor.

(IIT) Digital System Improvements that Link Multiple Digi-
tal Corrections

(14) Auto Pre-Programmed Modules for Specific Functions
in Digital Imaging System

To process the functions specified in this integrated digital
imaging system, it is necessary for automated pre-pro-
grammed modules to detect the specific lens type and the
specific digital sensor(s) used to assess the appropriate
corrections or alterations. The purpose of the pre-pro-
grammed modules is to access a preset library of (a) typical
corrections of lenses, (b) typical scene types with appropri-
ate exposure modes, (c) specific effects that may be selected
and (d) specific sensor functions. It is important to match a
particular lens to a particular sensor type so that adjustments
are calibrated to this pairing. The processing software is
stored in either a microprocessor or an ASIC in order to
process the images after they are captured by the sensor but
before they are transferred to storage on a memory device.

In another embodiment, the system processes image cor-
rections after the digital data is stored and constantly
accesses the original stored data file in the production of a
corrected file. This process allows for immediate data pro-
cessing and storage which affords more time to accomplish
specific corrective functions. There are thus cases when
real-time correctives are neither necessary nor possible.
Such increased processing capability may also facilitate a
more complete corrective task.

In an additional embodiment, because similar correctives
and effects may be provided to images that share the specific
combination of lens and sensor, in order to accelerate the
process of optimizing the images, batches of similar images
may be processed together. This batch processing method
may include the creation of duplicate images for each image
captured, including a RAW image that contains no changes
to the native image capture and a simultaneous auto-cor-
rected image. The optimized image may be simultaneously
compressed, to maximize storage capabilities, while the
RAW image may be left uncompressed so as to maintain
original detail.
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(15) Apparatus and Process for Affecting Pre-Sensor Optical
and Digital Corrections in Digital Imaging System

Given the nature of light transmission, not all optical
corrections are optimized by modification after the image is
captured by the sensor. Though a range of important cor-
rections and effects may be made after image capture, such
as correction for optical or digital aberrations, there are
several types of corrections that are required to be made
before the light reaches the sensor. One example of this
pre-sensor digital correction involves the use of a low-pass
or anti-aliasing filter that resides in front of the digital sensor
to minimize moiré and aliasing digital problems (although
the use of this filter adversely affects image sharpness).

In the case of optical corrections, one class of filter that
requires use before the digital sensor is the polarizing filter,
because once light is captured on the digital sensor, the
polarizing effect will not be available. Another type of
correction that involves use of a filter or lens before the
digital sensor is the close-up filter. This latter solution allows
a lens’s closest focusing plane to be closer to the front of a
lens and has the effect of diminishing the rear plane of the
depth of field. The close-up filter may be optimized for use
with floating rear-element group lenses which allow increas-
ingly close focusing. In one embodiment of the system,
specific pre-sensor optical filters may be used to provide
polarization and close up corrections. The use of in-camera
optical (circular) polarization would help standardize this
valuable process and eliminate the need to maintain several
external polarizer filters for each lens mount.

Since the present system entails an embodiment which
uses nano-grids to perform specific exposure modifications
before the light hits the digital sensor, it is possible to use
these nano-grids for the applications of polarization and
close-up filter. These filtration capabilities occur between
the lens and the digital sensor.

In order to optimize the use of pre-sensor filtration, an
image is initially tested and analyzed before the optimized
corrections are activated and the pre-sensor changes are
made. This process is analogous to the use of automated
flash photography in which a feedback mechanism is pro-
vided; a scene is evaluated, and the initial flash data ana-
lyzed and modified to correspond to the correct exposure
before a final flash is produced.

Because the camera system processes post-capture data,
in order to optimize images for optical and digital problems,
as well as continuously makes changes to pre-sensor filtra-
tion, multiple ASICs work in parallel to make the conversion
of the image after capture. The use of parallel ASICs to
perform specific correction processes solves the problem of
capturing images and making post-capture corrections while
simultaneously adapting the pre-sensor filtration system.

As an alternative embodiment of the system, a micropro-
cessor (and software) may perform specific pre-sensor
adjustments while the ASIC(s) performs specific corrective
functions. In another embodiment, the ASIC(s) may perform
the specific pre-sensor adjustments while a microprocessor
(and software) will perform the specific corrective functions.
(16) Integrated Digital Imaging System for Optical and
Digital Corrections with Feedback Dynamics

Because the present system consists of, and uses, complex
sub-systems, including an auto-focus mechanism, an auto-
exposure mechanism, a shutter mechanism, an automatic
flash mechanism, a digital sensor mechanism, a digital
processing mechanism and a digital storage mechanism, it is
possible to realize interaction dynamics that contain feed-
back. The interactive process of operating these sub-systems
involves a learning progression. The image is analyzed,
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solutions are tested and an optimal solution is selected and
implemented, all in real time. By choosing a specific logic
vector in a decision tree involving an initial variable, the
process begins again with another key variable in real-time
until the final image is captured and optimized.

In order to accomplish these complex processes, specific
variables, such as aperture data, shutter speed data, lens data,
digital sensor data and subject type are registered and
analyzed by the camera. As environmental data changes, the
camera mechanisms adapt to the environmental and the
photographer’s situation.

In order to accelerate these processes, the camera learns
to anticipate the user’s behaviors, the user’s preferences and
the subject’s behaviors. By providing user-adjusted setting
modifications for optical and digital corrections, the camera
establishes a reference point for processing rapid image
changes. In particular, the camera’s software will analyze
trends in the user’s pattern of behaviors and preferences as
well as pattern changes in the subject’s behaviors. Antici-
pation processes are programmed into the autofocus and
automated flash systems because of the extremely rapid
reaction-time requirements of these specific mechanisms.

In one embodiment of the system, a method of processing
a chain of rapid image captures is to employ computer-
caching techniques in which a first image is processed in a
normal way while later images are processed in an acceler-
ated way. This is possible because the first image provides
data to the system to analyze; these data then allow the
system to anticipate further similar images and to use similar
auto-focus and auto-exposure data. The optical and digital
corrections are performed in a batch fashion by applying
similar changes to near-identical image problems in order to
dramatically accelerate the processing speed of a chain of
images. This caching and anticipation approach is very
useful in fast-paced action photography.

Another embodiment of the process of rapidly capturing
a chain of images in sequence employs multi-threading
techniques. Dividing the functions between specific subsys-
tem ASICs allows multiple corrections to be performed in a
parallel cascade for efficient task completion. One advantage
of breaking down functions to specific processors is the
acquired ability to start on one function and, while the
system is in the process of completing a task, to begin other
tasks. This process eliminates the lag between the specific
subsystems.

(17) Adaptive User Pattern Learning with User-Program-
mable Functions in Digital Imaging System

In order to optimize its functions, the camera needs to
learn about the user’s preferences. When the user uses the
camera, the camera evaluates the use patterns. Since the
camera is programmed with a database of common user
patterns, it can identify common uses and anticipate com-
mon uses of similar users by employing a “collaborative
filtering” mechanism (i.e., if you like this camera setting,
you should like this other setting because similar users who
have liked the first setting have also liked the second
setting). By anticipating common uses of each camera user,
the camera optimizes its functions for each use and for each
user. In effect, the camera’s learning of user preferences is
a sort of guided process of experimentation. Evolving algo-
rithms learn about the user from actual use patterns.

One positive effect of this learning process of the camera
about the user’s patterns of behavior is that the filtration
process becomes adaptive. The camera builds an initial map
of the user’s preferences from the user’s actual selections.
From the starting point of common types of personal selec-
tions, the camera uses standard templates of main types of
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uses that are fulfilled for each user’s applications. For
instance, if a photographer typically takes portraits with a
traditional portrait lens, the camera will be aware of this and
will activate filtration processes that are optimal for this type
of portraiture photography, such as instilling limited depth of
field on a subject and out-of-focus foreground and back-
ground. Contrarily, if landscape images are selected, depth
of field will be increased substantially and the lens focused
on either infinity or a medium point depending on the
specific type of subject matter. The camera builds a model
for each user based on the accumulation of experience.

In order for the camera to learn about the preferences of
a specific user, the camera must adjust to each particular
user, much as each individual identity must log onto a
computer network privately.

Since the dynamics of the combined subsystems are
complex, and adaptive, it is necessary that automated adjust-
ments be interactive. Once detection of the lens type, the
sensor type, the exposure settings, the user and the subject
is made, optical and digital distortions are identified and
specific combinations of corrections are applied both before
and after the digital sensor in order to optimize the image.
All of this is accomplished in less time than the blink of an
eye.

(18) Software Privacy Function in Digital Imaging System

Because digital camera systems are able to use software
and wireless mechanisms for their operation, it is possible to
activate aspects of the camera remotely. Conversely, it is
possible to disable operations of the camera remotely.

The present invention embodies a capability to externally
disable the camera remotely in specific locations that require
privacy, such as secret government areas (courthouses),
private homes or businesses that are image-free zones. In
these cases, a signal from an external source is provided to
disable the shutter from firing. This black-out capability will
allow external control of access to specific sites. As a
condition of access, only a camera with this feature may be
admitted to public buildings, so that even if the camera is
permitted to operate, permission is only conditional. For
instance, the owner of the building may allow the camera to
function only in a specific set of rooms but not in others.
Cameras without this feature may not be allowed in private
spaces where control must be externally restricted.

This blocking feature will require the addition of specific
blocking software, which may be automatically downloaded
as one enters specific buildings. Similarly, in order to be
granted permission to access the camera, or specific func-
tions of the camera, the downloading of a “key” may be
required.

Moreover, a further embodiment of the system may make
it necessary to download software keys to get access to
filtration capabilities in the camera in order to obtain opti-
mum images. For example, the user may be required to pay
a fee to download software in real time that will permit her
to access a particular function in the camera to obtain a
critical image. A spectrum of quality and complexity in
filtration capabilities may be made obtainable for a range of
fees on-demand. Therefore, the external downloading of
software for the camera need not be limited to a black out
function.

(IV) Dynamic Digital Imaging System Improvements that
Apply to Zoom Lenses and Video Imaging

(19) Dynamics of Zoom Lens Corrections in Digital Imag-
ing System

Whereas the optical aberrations of prime (fixed focal
length) lenses were discussed above, the modulation of
optical aberrations of zoom lenses is another problem to
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consider. As a wholly different species of lens, zoom lenses
have become extremely complex optical mechanisms con-
sisting of multiple groups of lens elements. The general
problem with zoom lenses is the trade-oft that must be made:
To minimize the distortions of the widest possible focal
length, distortions become maximized at the longest pos-
sible focal length, and vice-versa. Consequently, zoom lens
architecture is inherently compromised on image quality.
Over the years, lens designers have developed lens formulas
that have dramatically improved image quality and that
compete with typical prime lenses. As an example of this
evolution in quality, the class of 70-200 £/2.8 35 mm zoom
lenses, now in their sixth generation, has supplied substan-
tial improvements over earlier telephoto zooms. However, in
general, zoom lenses have more aberrations than primes and
thus require increased optical corrections. The need to solve
the problem of zoom lens aberration correction is accentu-
ated by their increased use in photography because of their
simplicity and versatility.

The dynamics of the zooming process present specific
difficulties for the purposes of correcting optical aberrations
in digital imaging systems. With fixed-focal length lenses,
the camera can detect the lens and provide an immediate
consistent modification for a varying range of apertures. In
the case of zooms, however, where the focal-length is not
fixed, the adjustments must correlate to the changes in the
focal length. In effect, this condition presents a continuous
resampling process. When combined with changing scenes,
the zooming process requires far faster responses to chang-
ing inputs by the camera system. This process resembles the
tracking of a kaleidoscope’s changing image structures as
the wheel on the device is constantly turned.

In order to solve the problem of distortion at the wide-
angle part of select zoom lenses, manufacturers have been
using aspherical elements which are complex shapes that
require special production techniques. On the other hand, in
order to solve the problem of chromatic aberration in select
telephoto lenses, manufacturers have used extra low disper-
sion glass elements, particularly at the front of the zoom
lens. Since there are generally three main classes of zoom
lenses—wide-angle to wide-angle, wide-angle to telephoto
and telephoto to telephoto—aspherical elements have been
used in wide-angle zoom lenses, while extra low dispersion
glass has been used in the telephoto zoom lenses and both
kinds of lens elements have been included in the wide-angle
to telephoto zoom lenses.

The changing focal lengths of zoom lenses add a variable
to the complex set of variables of the interacting sub-
systems in the digital imaging system. The digital camera
system must therefore track the movement of the changes in
the focal lengths in zoom lenses and continuously make
modifications to the varied optical aberrations in these types
of'lenses. Unlike in fixed focal length lenses, the aberrations
change at different focal lengths in zoom lenses, and the
camera must track these changes.

The present system is designed to make the corrections to
these changing aberrations in zoom lenses by noting the
changed focal length at specific times of each lens. For a
fixed focal length lens, the camera refers to a database of
information to provide information to correct specific types
of aberrations; for a zoom lens, the camera’s database
contains multiplex information for each focal length in each
respective zoom lens type. This is as if each zoom lens
contains a combination of multiple lenses of specific focal
lengths. When the zoom is moved to a new focal position,
the camera reads the lens as a specific focal length and
makes corrections to aberrations based on this specific
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setting. Although the camera reads the zoom lens at a
specific moment in time and adjusts the necessary modifi-
cations to correct for aberrations at that specific focal length
at that time, overall the zoom lens requires the camera to
rapidly make these adjustments.

Since zoom lenses employ dynamic processes of change,
it is possible to track a moving subject in real-time by
changing focal length from a stationary vantage. These
changed focal length positions are tracked by the auto-focus
system, but also by the auto-exposure system in the camera.
The present system thus allows for zoom tracking in order
to anticipate the direction of zoom lens changes, much as the
focus on the moving subject involves focus tracking mecha-
nisms. These systems use fuzzy logic and evolutionary
algorithms to anticipate the movement of the subject and
thus of the focal length change of zoom lens. In this way it
is possible to accelerate the lens aberration correction pro-
cess using zoom lenses.

Because the zoom lenses typically increase aberrations
precisely because of the lens design compromises, these
types of lenses are ideally suited to the present digital
imaging system. The present system allows the zoom lens to
be used at high quality without needing to stop down the
aperture, thereby resulting in superior photographic oppor-
tunities.

(20) Dynamic Changes in Video Corrections of Digital
Imaging System

While the zoom lens presents the need to provide a
dynamic solution to the process of making corrections to
optical aberrations, video photography provides another
case of a process that requires dynamic solutions. The same
principles that apply to still photography apply to video;
auto-focus variability, aperture and depth-of-field variability
aspects, shutter speed variability aspects, differences in lens
focal length and artificial lighting variability suggest that
video be viewed as merely a very rapid (30 to 60 frames per
second) application of still photography. Nonetheless, video
presents new classes of dynamic problems, most notably
regarding the matter of tracking changing subjects in real
time.

The process of shifting subject positions, even if the
camera is stationary, presents a change of multiple variables
that require the automated subsystems (auto-focus, auto-
exposure, auto-flash, etc.) to be integrated. Feedback is
presented by subjects in the external environment with
changing focus and exposure variables. In these cases, even
with a modulating shutter speed, the three main variables of
change are a zoom lens to continuously change the focal
length, auto-focus to track a subject and aperture modifica-
tions to continuously change depth-of-field.

The unique dynamics of these complex sub-systems pres-
ents particular challenges for a digital imaging system to
produce rapid results with the use of advanced ASICs and
microprocessors. By incorporating techniques that track
objects with advanced auto-focus mechanisms, anticipate
zoom lens changes and predict optimal exposures as well as
make automatic corrections to both optical and digital
aberrations in real time, the present system continuously
optimizes the video imaging process.

(21) “Stationary-Scene Object-Motion” Caching Process,
with Application to Video, in Digital Imaging System

Because video imaging processes employ full motion
activity, particularly of subjects in the environment, tracking
a subject in a video system is problematic. Once a subject is
identified and selected, the subject is automatically tracked
with auto-focus and auto-exposure mechanisms by a zoom
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lens apparatus. There is a particular need to identify and
track a subject within a broad stationary scene.

The present system accomplishes this task by using
anticipatory object-trajectory tracking. The parts of the
stationary scene that are not being tracked are cached. In
other words, precisely because the background of the scene
is stationary, this part of the scene is not tracked for focus or
exposure. On the other hand, the object in motion is iden-
tified and tracked by subtracting the extraneous data of the
stationary scene. Multiple objects are tracked by comparing
data about these combinations of objects and their relations
and determining the appropriate exposure and focus settings.

While Monte Carlo processes use random settings to
self-organize an initial map, which are useful as a baseline
for the purpose of anticipating tracking data sets, the present
system subtracts the known information about the specific
object(s) being tracked from the stationary background in
the environment. In other words, the background data is
“blanked out” in a caching process while the main subject(s)
are tracked. By so using these techniques, the camera system
can efficiently calculate the modifications needed to opti-
mize the video scene.

In a further embodiment of the system, a chip-set is
enabled in video display devices (i.e., video monitors) to
implement select corrections for optical and digital distor-
tions. The user may modify settings for automating the
process of achieving optimum video images.

(V) Digital Image Networking
(22) Network Coordination of Fixed Sensor Grid to Track
Multiple Objects in Digital Video Imaging System

While the previous discussion has focused on employing
a single camera to capture images, the present system is also
useful for networking sensors in a sensor grid in order to
track multiple objects. Specifically, the present system may
be used in surveillance and reconnaissance situations to
track objects over time. Using a grid of image sensors with
overlapping range parameters makes it possible to organize
a complex network of sensors for surveillance activities.

After selecting specific objects to track, the system fol-
lows the objects as they move from location to location,
appropriately modulating the focus, the lens focal length, the
ISO and the exposure settings. As the subject moves from
one section of a grid to another, the sensors are coordinated
to “hand off” the object to other sensors on the grid, much
like a cellular phone network hands off calls between cells.

In another embodiment of the present system, the cameras
in the network may be mobile instead of stationary in a fixed
sensor grid. In this case, self-organizing aspects of the
mobile sensor grid track mobile objects in real time. One
application of this complex system, which draws on earlier
work in collective robotics, is in cinematography, which
requires multiple transportable perspectives of mobile sub-
jects. The complex dynamics of a mobile sensor network
provides complex feedback in this manifestation of the
present system.

(23) Automatic Wireless Off-Porting of Back-Up Images to
External Data Bank

Because the present system uses digital files, it is possible
to move these files to an external site for storage. The present
system has capabilities to off-port images to an external data
bank automatically. This feature is valuable in order to
preserve on-board storage capability.

Whether implemented in a local area network (LAN) or a
wide area network (WAN), by using a built-in wireless
router, the present digital imaging system may be set to send
data files directly and automatically to hard-drive storage
either in a device in the same room or uploaded to the
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Internet for storage around the world. This capability is
critical for managing massive files of large sensor data sets
and preserving valuable in-camera storage space. When
automatically sending data files to a nearby computer, the
computer may act as a data-port relay to automatically
resend the images to an Internet site for storage. The system
will maintain the option of keeping some images in the
camera and sending duplicate copies of digital files of
images to another site for storage as a backup. This auto-
matic back-up process provides insurance for the photogra-
pher.

In another embodiment of the system, just as image files
are off-loaded to external storage, software files are periodi-
cally downloaded to the camera in order to update the
camera settings and the database system. For example, as the
camera manufacturer provides new lenses for the camera, it
becomes necessary to load new updated settings to accom-
modate corrections for the new lenses. Similarly, as the
camera requires new software updates with improved algo-
rithms to further optimize the corrective functions of both
the optical and digital mechanisms, the camera will auto-
matically accept these. This feature is particularly important
to both manufacturer and user because the ability to update
software capability periodically will protect a user from
needing to upgrade major hardware such as with a lens
replacement.

(24) Image Organization System

The present digital imaging system does not merely allow
for the storage of image data files on external storage.
Because of the problems of protecting storage and the need
to make multiple back-ups in the digital sphere, it is also
necessary to store digital image files in multiple database
locations. The images are organized in a main database by
various criteria, such as time, location, subject-type, etc.,
and then rerouted to various locations around the world for
safe storage. While specific sets of images may be stored
together, the need to identify the locations is less important
than the need to have control of the main database list which
identifies the locations.

In order to maintain security, the digital imaging files may
periodically be rotated randomly between locations. Only
the main database list, which is constantly updated, main-
tains information on their location. In fact, specific digital
bits of a single image may be maintained at different
locations in order to maintain further security. Thus, on
many computers around the world bits of each image may be
stored, and continuously rotated, with constantly updated
registries maintaining their complex hybrid whereabouts.
These rotation storage functions are performed by a ran-
domizer logic engine.

In a further embodiment of the present system, once the
digital files are off-loaded from the camera system to exter-
nal storage, specific images may be automatically identified
and further specific corrections automatically provided.

In yet another embodiment of the system, the images that
are off-loaded from the camera to the external storage
system are organized according to various criteria, such as
accuracy of focus or exposure or quality of image type, in
order to be automatically prioritized. The camera, with the
assistance of an initial setting of user priorities, will auto-
matically order new images with a higher or lower priority
relative to other images and camera settings. Thus, at the end
of a day, the images may be displayed in an order preferred
by the user. Lesser images will be automatically routed to a
lower position as they do not meet specific criteria, and
better images will be routed to a relatively higher position in
the organization of files. This feature of automatically assist-
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ing in the organization of the digital image files is a very
useful one which will save photographers time.
(25) Wireless Digital Image System Automatically Gener-
ating Prints from Image Capture

The present digital imaging system not only automatically
off-loads digital image files to remote locations for storage;
the system also will allow one to photograph an image (or
sequence of images) in one location (i.e., Paris) and instantly
print it in another location (i.e., Los Angeles) for publication
in real time. In addition, an image may be captured by the
camera and instantly uploaded to a pre-programmed Web
site for publication by using wireless technologies. In addi-
tion, it is possible to automatically print the digital image file
anywhere in the world virtually the moment the image is
taken. This system makes this instantaneity particularly
possible precisely because the image corrections are auto-
mated in-camera. Since there is no need in most cases to
further edit the image files, they are thus generally ready for
immediate release.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a digital imaging system.

FIG. 2 is a flow chart of an analog to digital signal
process.

FIG. 3 is an image of the vignetting corrective filter in an
optical lens.

FIG. 4 is a list of wide angle 35 mm lens types.

FIG. 5 is a flow chart of the digital corrective process.

FIG. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

FIG. 7 is a flow chart of the process of digital image
capture, processing and storage.

FIG. 8 is a flow chart illustrating the process of selecting
filtration settings.

FIG. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.

FIG. 10 is a flow chart showing exposure optimization
using digital correction in camera.

FIG. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

FIG. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

FIG. 13 is a flow chart describing the exposure adjustment
of an image using in-camera filtration.

FIG. 14 is a flow chart showing the process of in-camera
special effects filtration.

FIG. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.

FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.

FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

FIG. 19 is a diagram of a nano-grid.

FIG. 20 is a diagram showing the feedback loop connect-
ing the processor and the nano-grid.

FIG. 21 is a diagram illustrating the tri-pixel architecture
in a digital sensor.

FIG. 22 is a flow chart showing the pre-programmed
modules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.
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FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FIG. 29 is a flow chart showing the dynamics of zoom
lens corrections in digital imaging.

FIG. 30 is a diagram illustrating object tracking in
dynamic changes in video corrections.

FIG. 31 is a flow chart showing objecting tracking of a
digital imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the overall structure of the system.
Object data (100) in the domain of objects being photo-
graphed by the camera constantly change. In some cases, the
lighting changes, while in other cases, the positions of the
objects change. At 120 the flash will artificially light the
objects. Flashes may be either on the camera or remote from
the camera. A camera sensor (130) will detect external data
changes. An optical lens (110) feeds analogue imaging data
to the digital sensor(s) (175 and 180). In some cases, a
mirror (170) will swivel in order to directly input imaging
data to the digital sensor after the shutter (150) is fired. In
some cases, a filter (160) stands between the lens and the
digital sensor(s). A digital signal processor (DSP) (195) is
connected to at least one sensor (A or B). A database (190)
is connected to at least one sensor (A or B) as well. The
digital sensors are connected to an ASIC (195) and/or a
microprocessor (193) in order to process the image and
control the camera. The digital image data is passed from the
digital sensor to either the ASIC or microprocessor and then
stored in memory (197). The presence or absence of specific
elements of this mechanism is not required for the correct
functioning of this system. Consequently, a number of the
drawings contained herein will focus only on specific sub-
assemblies of the overall digital imaging system mechanism.

The present invention is intended to operate with a
spectrum of camera types. These camera categories include
digital still cameras without a mirror mechanism or without
an optical interface. The present system applies to cameras
with single lens reflex mechanisms. In addition, the present
system applies to video cameras, both with or without mirror
mechanisms, including camcorders. Finally, many of the
functions disclosed in the present system are integrated into
specific imaging sensors. The system applies to image
sensors that are integrated with complex system functions,
including those described herein, with “system on a chip”
(SoC) capabilities in a single microelectronic integrated
circuit. The invention also applies to networks of sensors,
networks of cameras or integrated networks of both sensors
and cameras.

FIG. 2 describes digital image signal processing. After an
analog signal (200) is captured, it is converted to a digital
signal by an analog-to-digital converter (210). The signal is
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then forwarded to the digital signal processor (220) and
filtered (230). The digital signal is then stored in memory
(240).

In FIG. 3, the correction to the optical vignetting problem
is shown. In vignetting, the lens (300) makes the edges of the
image significantly darker as the light falls off, a phenom-
enon particularly prominent on wide angle lenses. As rep-
resented here, the concentric circles of filtration correction
are darker in the middle (310) of the image in order to
counteract the vignetting effect. The overall image aperture
is reduced from one half to two stops in order to compensate
for the maximum light fall off depending on the amount of
vignetting effect from each lens type.

FIG. 4 shows a list of several different wide angle lenses
in a database. In the 35 mm domain, the 14 mm (400), 20
mm (410), 24 mm (420), 28 mm (430) and 35 mm (440)
lenses, each with /2.8 apertures are listed in the database.
Each lens type presents a distinct formulation involving
different sets of optical data that require different aberration
corrections.

The digital corrective process is described in FIG. 5. After
a specific lens type is identified (500) and a database is
referenced (510), the lens type is matched with the specific
optical aberrations (520). The digital filter then applies a
correction to specific optical aberrations (530). As an
example, the vignetting effect is corrected by gradually
darkening the center of the image in concentric rings (540).

FIG. 6 shows the database configuration of several dif-
ferent types of 24 mm /2.8 lenses (600 to 630) with different
optical configurations. Fach lens type has a different set of
manifestations of optical aberrations including vignetting
(640), spherical aberration (650), pin cushion distortion
(660), barrel distortion (670) and comatic aberration (680).
For each lens, there will be a unique combination of optical
aberrations compared to each lens type from different optical
configurations. The database is accessed to provide the
multi-objective optimization solution for correcting several
different optical aberrations for each specific lens formula.

In FIG. 7, after a camera captures an image (700) and uses
a digital sensor to create a digital file (710), the digital file
is forwarded to the digital signal processor semiconductor
(720). The DSP applies the filtration (730) to correct the
optical aberrations from the lenses. The revised digital file is
then sent to storage (740).

Digital filtration is performed by employing the DSP
hardware as well as specific software in order to attain
specific aberration corrections. In an optical filter, which
typically sits at the front of a lens and performs a single
function of modifying the optical characteristics of the lens,
the electronic filter will process the image after it is con-
verted from an analogue representation to a digital signal.
Common digital filters include a low pass filter or anti-
aliasing filter. In most cases digital imaging filtration is a
discrete time application and is processed in a time-signal
sequence.

One example of a digital filtration process is a fast Fourier
transform (FFT). The digital signal is modified by applying
an algorithm to extract the frequency spectrum. The original
function is then reconstructed by an inverse transformation
of the original signal. The signal can be manipulated to
perform various conversions. This process is used to sharpen
or soften an image. For instance, by differentiating the
frequency spectrum, the high frequency can be emphasized
by limiting the low frequency, as in a high pass filter. Digital
filtration is typically performed by the DSP after the image
is captured and before the image file is stored. However, in
the present system, there is some filtration before the digital
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sensor that captures the image as well as some filtration
processing after the sensor sends the file to the DSP.

In order to accelerate the filtration process, the digital file
will be broken into parts, with each part processed simul-
taneously. Filtering a one-dimensional image will treat data
from each column of a digital sensor separately. When the
data is treated like a two dimensional image, the data file
may be treated with different techniques. For instance,
different quadrants of the image may be analyzed and
filtered separately. In addition, the highlights and the shad-
ows in the varied frequency range may be analyzed and
filtered separately as well. Similarly, a two dimensional
image file may be analyzed by starting in a corner and
working in each contiguous quadrant in a circular (clock-
wise or counterclockwise) order. Further, the filtration pro-
cess may begin in the corners and work inwards or begin in
the center of the image and work outwards. For instance, in
wide angle lens filtration to correct optical aberrations, the
outer edges will be the most prominent distortions that will
require the most corrections; therefore, the filtration process
will work by starting on the corners first.

The present invention also addresses the multi-functional
corrections in an image by applying multiple simultaneous
techniques. This is done either by performing a sequential
filtration process or a simultaneous filtration process. In
either case, the image is re-filtered to make more than one
pass in order to correct different types of aberrations.

Different types of aberrations require different types of
filtration. In the case of pin cushion distortion and barrel
distortion, which are inverse appearing aberrations, the
filtration process will adjust the edges of affected digital files
captured with wide-angle lenses. The optimized images will
be accessed by the database and compared to the actual
image files. The filtration will be applied to each image file
to closely correct the distortions bit by bit. In effect, the
corrected digital images will be reverse engineered to dis-
cover the unique distortions as they establish a pattern by
comparing the input digital images and the database of
optimized images. The digital image correction will be
applied once the aberration is assessed.

Each lens provides data to the camera microprocessor and
DSP about its unique characteristics. The lens is pre-pro-
grammed with aberration data pertaining to that lens type
and even to each particular lens (ascertained through a
testing process). The lens then provides this specific data to
the camera for processing of optical aberrations. In one
additional embodiment, the lens will also contain software
to correct its aberrations that will also be sent to the camera
processors in order to be applied to specific digital file
filtration. As information and techniques are made available,
new software to ascertain and correct each lens’s unique
optical aberrations will be forwarded to the camera and
stored in the lens, thereby providing an upgrade path to
continuously improve the optical qualities of lenses by
employing a sort of after-manufacture digital correction.

FIG. 8 shows the process of selecting filtration settings.
After the user selects the specific filtration settings (800), the
user marks the specific filtration setting and accepts the
setting (810). The user may continue to select multiple
settings. When the user has selected all preferences (820)
and accepts the settings the user returns to the main menu.

In FIG. 9 varied depth of field optimization at different
apertures is described. In the first drawing, the object (930)
has a depth of field (940) that has a broad range of clarity
around the object. The camera (900) evaluates the distance
data (920) and the object to establish an optimal depth of
field range between /8 and {/11. In the second drawing, the

20

35

40

45

50

55

34

object (980) has a narrower depth of field range (990) based
on distance data (970) and object data from the camera (950)
to determine an optimal depth of field range between /2.8
and 1/5.6. The camera’s automatic alteration of the aperture
to narrow the depth of field is based on a range of factors,
including the focus on the object, the object’s motion, the
distance to the camera, shutter speed constraints and the
light on the object. Modulating aperture automatically in the
camera provides a blurring of the background and the
foreground so that the object can stand out without distrac-
tion.

Exposure optimization using digital correction is shown
in FIG. 10. After the camera assesses an object’s distance
from the camera (1000) and identifies the optimal aperture
of the image to maximize the dynamic range (1010), the
aperture is either increased (1020) or decreased (1030) and
the correction applied (1040).

In-camera special effects filtration is illustrated in FIG. 11.
Once the image exposure is assessed by using the camera
exposure meter (1100), the camera corrects the image by
either underexposing the image by one third stops to one
stop if the image is overexposed (1110) or overexposing the
image by one third stops to one stop if the image is
underexposed (1120). The camera finally takes a picture and
stores the image (1130).

FIG. 12 shows the selective in-camera filtration of spe-
cific objects. After the camera identifies specific objects
(1200), the camera assesses distance to the objects (1210).
This is done by sending out an infrared light signal, bounc-
ing it off the object, and measuring the distance data from the
camera to the object. The camera isolates the objects on a
one-dimensional Euclidian plane (1220) and then selects the
optimum aperture to isolate objects and to blur the back-
ground and foreground (1230). The camera tracks the
motion of objects (1240) and activates a digital sensor
(1250) thereby capturing the image. The image data is sent
to a post-sensor processor (1260) where the camera applies
specific filtration only to the designated objects (1265) and
stores the file in memory (1270). Alternatively, the camera
will apply specific filtration only to the background (not to
the objects) (1275) and then stores the file in memory
(1280). The effect of only applying filtration to an object or
to its background is to isolate the subject. The type and
degree of special effects, which are selected by user-adjust-
able in-camera software, will be determined by the user’s
palate of filtration choices.

Image exposure adjustment using in-camera filtration is
described in FIG. 13. Once the camera assesses a two stop
difference in parts of the image (1300), the camera’s micro-
processor accesses the database of similar scenes (1310) and
then selects the optimal metering for the image and the user
activates the digital sensor (1320), capturing an image. The
camera provides the filtration to part of the image by
adjusting the exposure in the processor (1330) and then
stores the image (1340). In scenes such as sky on top, a
neutral density filter is often required to remove the two stop
difference between the bright top of the image and the darker
bottom of the image. By reducing the brightness at the top,
the exposure is evened out. By using the present system, this
process is accomplished in the camera.

In-camera special effects filtration is described in FIG. 14.
After a user selects a special effects filtration technique
(1400), the camera assesses image meta-data (1410), ana-
lyzes image data (1420) and the user captures the image
(1430). The camera’s post-capture processor applies special
effects filtration technique to part of the image (1440) and
the camera stores the image in memory (1450).
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Digital correction for sensor dust is described in FIG. 15.
The pattern of dust on the pixels of a digital sensor (1500)
is assessed. The specific pixels that are obscured by the dust
are identified (1510) and a map is built of a digital sensor
pixel frame by comparing information from at least two
image samples to identify obscured pixels (1520) and the
camera takes an image (1530). Information from pixels that
are adjacent to dust-affected pixels are used to interpolate
data on affected pixels (1540) and image data is processed
and stored in memory (1550).

FIG. 16 shows an ASIC array in a digital imaging system.
Once the digital sensor (1620) captures an image, the digital
file is sent to multiple application specific integrated circuits
(1630, 1640, 1650 and 1660) for processing of several
digital signals simultaneously. In one embodiment of the
invention, each ASIC corrects a single optical aberration. In
another embodiment, the ASICs will divide the digital file
and perform specific functions on parts of the image file and
reunite the file before storing the completed image in
memory (1670).

In FIG. 17, the camera is illustrated with multiple inter-
changeable digital sensors. The CCD (1720) is shown in the
forward position capturing the digital image in this drawing.
However, the CMOS (1730) digital imaging sensor may
swivel around (1740) to replace the position of the CCD in
order to be used to capture the image. The image is then
processed (1750) and stored in memory (1760). The advan-
tages of interchanging the digital sensors are to have the
opportunity to benefit from the strengths of each sensor type
without sacrificing the weaknesses of either. In some cases,
the scene will be optimized for the exposure range of a
CMOS digital sensor, while at other times, the scene will be
optimized for the detail of the CCD.

In FIG. 18, the nano-grid (1820) appears in front of the
digital sensor (1830). The lens will send analog image data
to the sensor through the nano-grid. Once the digital data
from the sensor is processed (1840) it is sent to memory
(1850). FIG. 19 shows a nano-grid (1900). Nanofilaments
are shown at 1920. The modulation effects of the nanofila-
ments are shown at 1910. Nanofilaments will change their
position in order to allow more or less light through the
system. Nano-grids fit before, or in some cases, adjacent to
and on top of the digital sensor. Nano-grids behave as
adjustable screens and may be used to polarize light between
the lens and the digital sensor. Nano-grids are activated by
electrical charge pulses sent to nanofilaments.

In FIG. 20, the feedback loop connecting the processor
and the nano-grid is shown. Analog optical data passes
through the nano-grid (2020) to the digital sensor (2030) to
the processor (DSP) (2040). A feedback loop (2050) is
created by analyzing the data at the processor and modulat-
ing the performance of the nano-grid. For example, the
image may be very bright initially, but the DSP will require
that the image needs to be darker in order to be properly
exposed. In this case, it will activate the nano-grid to
modulate its grid structure in order to darken the image so
as to let less light through the filaments by adjusting the
filament structure. Once properly exposed, the camera will
capture a digital image and send the file to memory (2060)
for storage.

In FIG. 21, a tri-pixel architecture is described. The large
(deeper) oval bucket in the center (2110) will capture
highlight exposure, the medium sized oval bucket at the
right (2120) will capture a normal exposure range and the
small (shallower) oval bucket at the left (2130) will capture
the shadow exposure range. These three separate wells are
contained within each pixel. In most cases, a pixel well is
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like a bucket, capturing light data and passing the data sets
to the digital processor. By splitting the exposure range into
three distinct wells within each pixel, the data is more
accurately captured and organized in order to accommodate
the broader range of exposure data. This system will be able
to increase the range of digital imaging up to four stops,
from the typical two stops. By maximizing the range of
exposure data, the image collection will display more tonal
range that is more associated with films’ broader exposure
range.

FIG. 22 shows the pre-programmed module for in-camera
functionality. After the camera detects the lens type and the
sensor type (2200), the camera focuses on an object (2210)
and the processor accesses the library of scene and filter
types (2220). The user pre-selects specific in-camera modi-
fications (2230) and activates the camera to capture an
image (2240). The processor makes filtration adjustments
after the sensor takes the image (2250) and the image file is
stored (2260) in memory.

Much like the nano-grid that is present before the digital
image sensor, the pre-sensor modification to an image is
shown in FIG. 23. An optical filter (2320) such as a polarizer
filter is shown in a position between the lens and the digital
sensor (2340). The image is captured and the optical filter is
activated by the processor (2350), which determines
whether to activate the filter after analyzing a particular
scene. Other filtration (2330), such as the use of the nano-
grid, is also interchangeable with the optical filter in a
position before the digital sensor. In another embodiment of
the present invention, the filter assembly is sequential, with
both, or multiple, filters being activated in order so as to
obtain the maximum filtration effect. The DSP will compute
the optimal combination of filtration resources based on the
available resources in the camera. In another embodiment,
the optical filter assembly will fit out of the line of sight
between the lens and the digital sensor and will be activated
by the DSP on-demand to swing into the optical image path
much like a mirror mechanism.

FIG. 24 shows the integration of optical and digital
corrections with feedback. Once the camera meters a scene
(2400), the camera auto-focuses and obtains distance data to
the object (2410), analyzes the lens data, the aperture data
and the shutter speed data and accesses the library of images
(2420). The camera assesses the optical aberrations (2430),
activates the digital filters to correct aberrations (2440) and
takes the picture (2450). The camera analyzes the image and
optimizes the image using the processor (2460). This is
performed by comparing the image data to the library of
images and assessing the needed filtration required to opti-
mize the image. The image is then stored in memory (2470).

The interactive feedback mechanism of integrated correc-
tion is described in FIG. 25. After an analysis of the initial
image (2500), the identification of optical aberrations (2510)
is made. The camera’s database is accessed to retrieve the
corrections (2520) and the interactive feedback mechanism
is activated (2530). Corrections to filters are applied before
the sensor captures the next image (2540). In addition,
correction to the image signal via the DSP is made after the
sensor data is captured (2550) and the image is stored in
memory (2560).

The adaptive user pattern learning process is shown as
images are processed in FIG. 26. A batch of images (2600,
2610, 2620 and 2630) is shown. The first image is processed
(2640) and data from image 1 is analyzed and metadata is
mapped (2650). Image 2 is then analyzed and its metadata
is compared to the image 1 metadata (2660). Similar meta-
data in images 1 and 2 programmed in the processor (2670)
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and image 2 is rapidly processed by using similar metadata
from image 1 (2680). Images 3 and 4 are analyzed and their
metadata are compared to image 1 and rapidly processed
(2690).

In FIG. 27, the feedback process of filtering images is
shown. After the camera analyzes the user behaviors, user
preferences and subject behaviors (2700), the camera’s
processor analyzes trends in the pattern of user behavior and
preferences and creates a map (2710). The camera’s pro-
cessor anticipates the user behavior and subject behavior
(2720) by applying evolutionary computation and fuzzy
logic algorithms. The camera’s processor then applies a
collaborative filtering process to a new image (2730) and the
user takes and optimizes the image (2740).

FIG. 28 shows a software privacy function in a digital
imaging system. The camera automatically downloads soft-
ware as it enters a building or specified area (2800). The
camera’s features are deactivated in specific locations by the
software (2810) while allowing the camera to perform
specific camera functions by accessing software keys
(2820). The camera then performs specific functions (2830)
that are available in the restricted area while other specific
functions are disabled (2850).

In FIG. 29, the dynamics of zoom lens corrections are
described. After a lens detects a zoom lens type (2900), the
camera detects a particular focal length setting of the zoom
lens (2910) and accesses a data library in the database to
modify aberrations to optimize the zoom lens at a specific
focal setting (2920). The camera applies a correction to a
lens setting (2930) and continuously tracks the lens changes
in the lens focal length (2940). The camera then applies the
changed corrections to the changed focal lengths in the
zoom lens (2950) and analyzes patterns of the user and
subject behaviors (2960). Using fuzzy logic and evolution-
ary computation, the camera anticipates behaviors and rap-
idly optimizes image corrections by applying digital filtra-
tion (2970).

FIG. 30 shows object tracking in the dynamic changes of
video corrections. An object moves from position 1 (3010)
to position 6 (3060) in sequence. The camera (3000) is
stationary, yet it records the object’s motion as it is moving
within the field of vision.

In FIG. 31, object tracking is described. Once the camera
tracks an object with auto-focus mechanisms and supplies
distance information (3100), it tracks the user’s zoom lens
use patterns, anticipates the focal length changes (3110) and,
using evolutionary computation and fuzzy logic algorithms,
predicts optimal exposures (3120) and captures images in
real time, continuously tracking the object (3130).

FIG. 32 shows the caching process of a moving object in
a stationary scene. After the main objects are tracked by the
camera (3200), the background of a stationary scene is
cached in the camera (3210). The camera subtracts the data
about objects from the background of the scene (3220). The
background scene is then “blanked out” and cached in
memory (3230) and the main objects are optimized by
applying digital filters.

FIG. 33 describes the network coordination of a fixed
sensor grid tracking multiple objects. The object in motion
is represented in positions A through D (3370, 3380, 3390
and 3395). The fixed sensors are at positions 1-6 (3300,
3310, 3320, 3330, 3340 and 3350). The image data is fed
remotely into the central imager (3360). The sensors track
the object by taking image data at each fixed sensor position
in the network. As the object moves through the field of the
network, each sensor records the object.
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In FIG. 34, wireless communication features of the digital
imaging system are described. The camera (3400) sends
digital image data files wirelessly to a computer (3410).
Files are also uploaded from the camera to the Internet in
accessible locations (3450), while software files are down-
loaded from the Internet to the camera, both automatically
and through manual intervention. Files are automatically
downloaded if the user sets the camera to receive automated
software updates. One advantage of loading files automati-
cally to the Internet is that the images are then automatically
published (3460) at a remote location, or locations, for
viewing.

FIG. 35 describes an image organization system. After
images are captured by the camera (3500), the image files
are organized according to metadata in an external computer
database (3510). The image files are then sorted by category
and sent to the database of a distributed network (3520) for
off-site storage.

Reference to the remaining portions of the specification,
including the drawings and claims, will realize other features
and advantages of the present invention. Further features
and advantages of the present invention, as well as the
structure and operation of various embodiments of the
present invention, are described in detail below with respect
to accompanying drawings.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes in their entirety.

What is claimed is:

1. A digital imaging system for correcting optical image

aberrations in a digital video, comprising:

a digital video camera including in-camera software, an
optical lens mechanism, at least one digital sensor for
capturing the digital video, an integrated circuit includ-
ing; a digital signal processor configured to access a
database management system including a plurality of
optical image aberration corrections, and a memory
storage sub-system;

wherein the optical lens mechanism is a zoom lens or a
fixed focal length lens;

wherein the integrated circuit uses the in-camera software
to identify at least one optical image aberration and

to correct the at least one optical image aberration in at
least one frame of the digital video using at least one of
the plurality of optical image aberration corrections in
the database;

wherein the video is captured by the at least one digital
sensor and is forwarded to the digital signal processor;

wherein the video image file with the at least one optical
image aberration is corrected by applying digital fil-
tration using the digital signal processor; and

wherein the corrected video consisting of the digital data
optimized from the at least one optical image aberration
that are corrected from the original video image is
stored in the memory storage sub-system.

2. The system of claim 1:

wherein the optical image aberrations include at least one
of spherical, comatic, lens distortion, astigmatism, cur-
vature of field, pin cushion, barrel distortion, chromatic
aberrations, scattered light, and/or flare types of optical
image aberrations.



Case 3:24-cv-02466-TLT Document 1 Filed 04/25/24 Page 186 of 231

US 10,873,685 B2

39

3. The system of claim 1:

wherein the optical image aberration is vignetting;

wherein the digital signal processor applies neutral den-
sity filtration from one third of a stop to three stops in
the center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the comers of
the image or the digital signal processor applies both
neutral density filtration in the image center and/or an
algorithm to lighten the comers of the image; and

wherein the image exposure is optimized to correct the
vignetting.

4. The system of claim 1:

wherein the digital signal processor applies at least one
fast Fourier transform (FFT) algorithm to correct the at
least one optical image aberration.

5. The system of claim 1:

wherein each lens type is registered in the camera data-
base;

wherein the multiple optical aberrations of each lens is
listed in the database;

wherein the filtration solutions to the lens optical aberra-
tions are listed in the database;

wherein the filtration of each lens optical aberration is
applied by the digital signal processor; and

wherein after the digital signal processor applies the
filtration to correct the optical image aberrations the
corrected digital file is forwarded to storage in memory.

6. A digital imaging system for correcting image aberra-

tions comprising:

a digital video camera including in-camera software, an
optical lens mechanism, at least one digital sensor for
capturing digital video, an integrated circuit including
a digital signal processor configured to access a data-
base management system including a plurality of opti-
cal image aberration corrections, and a memory storage
sub-system;

wherein the optical lens mechanism is a zoom lens or a
fixed focal length lens;

wherein the video is forwarded to storage in memory;

wherein at least one optical aberration in at least two
frames of the digital video are identified using the
in-camera software and the integrated circuit;

wherein the at least one optical aberration from the optical
lens mechanism of at least two frames of the digital
video are corrected by using the digital signal processor
to apply at least one digital filtration algorithm; and

wherein the corrected digital video file is stored in
memory.

7. The system of claim 6:

wherein the optical image aberrations include spherical,
comatic, lens distortion, astigmatism, chromatic aber-
rations, curvature of field, pin cushion, barrel distor-
tion, scattered light, and/or flare types of optical aber-
rations.

8. The system of claim 6:

wherein the digital signal processor applies at least one
fast Fourier transform (FFT) algorithm to correct the at
least one optical image aberration.

9. The system of claim 6:

wherein the digital signal processor applies a fast Fourier
transform (FFT) algorithm to correct digital aberrations
of at least two frames in the digital video.

10. The system of claim 6:

wherein the digital signal processor applies color filtration
to at least two frames of the digital video image.
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11. The system of claim 6:

wherein the digital video is filtered to correct at least one
optical and/or digital aberrations after initial capture
and before the digital video is initially sent to storage.

12. The system of claim 6:

wherein the integrated circuit may be a microprocessor,
an application specific integrated circuit or a system on
a chip.

13. The system of claim 6:

wherein the optical image aberration is vignetting;

wherein the digital signal processor applies neutral den-
sity filtration from one third of a stop to three stops in
the center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the comers of
the at least two image frames or the digital signal
processor applies both neutral density filtration in the
image center and/or an algorithm to lighten the comers
of the image of at least two image frames; and

wherein the image exposure for at least two frames in the
digital video file is optimized to correct the vignetting.

14. A digital imaging system for correcting image aber-

rations comprising:

a digital video camera including in-camera software, an
optical lens mechanism, at least one digital sensor for
capturing digital video, an integrated circuit including
a digital signal processor configured to access a data-
base management system including a plurality of opti-
cal image aberration corrections, and a memory storage
sub-system;

wherein the optical lens mechanism is a zoom lens;

wherein the zoom lens changes focal length positions;

wherein when the digital video is forwarded to the digital
signal processor and to memory;

wherein the integrated circuit uses system software to
access the database to identify at least one optical
aberration in at least one frame of the video at any focal
length of a zoom lens configuration;

wherein the integrated circuit accesses the database to
obtain at least one filtration correction algorithm to the
optical image aberration of at least one frame in the
video file and forwards the at least one filtration algo-
rithms to the digital signal processor;

wherein the digital video is forwarded to the digital signal
processor which applies at least one filtration algorithm
to optimize the digital video and corrects the at least
one optical image aberration in at least one video frame
for the at least one focal length in the zoom lens
configuration; and

wherein the corrected digital video is stored in memory.

15. The system of claim 14:

wherein the optical aberrations include vignetting, spheri-
cal, comatic, lens distortion, chromatic aberrations,
curvature of field, pin cushion, barrel distortion, scat-
tered light, and/or flare types of optical aberrations.

16. The system of claim 14:

wherein the digital signal processor applies a fast Fourier
transform (FFT) algorithm to correct optical and/or
digital aberrations in the digital video.

17. The system of claim 14:

wherein each focal length of a zoom lens in at least one
video image frame is analyzed for a different set of
optical aberrations.

18. The system of claim 14:

wherein the digital signal processor applies color filtration
to at least one frame of the digital video image.
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19. The system of claim 14:

wherein the optical image aberration is vignetting;

wherein the digital signal processor applies neutral den-

sity filtration from one third of a stop to three stops in
the center of the image and/or wherein the digital signal
processor applies an algorithm to lighten the corners of
at least one image frame or the digital signal processor
applies both neutral density filtration in the image
center and/or an algorithm to lighten the corners of the
image of at least one image frame; and

wherein the image exposure for at least one frame in the

digital video file is optimized to correct the vignetting.

20. The system of claim 1, wherein the system is config-
ured to correct red-eye.

21. The system of claim 1, wherein the system is config-
ured to correct for dust.

22. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
spherical aberrations.

23. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
chromatic aberrations.
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24. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
scattered light aberrations.

25. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
comatic aberrations.

26. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
astigmatism aberrations.

27. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
lens distortion aberrations.

28. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
pin cushion aberrations.

29. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
curvature of field aberrations.

30. The system of claim 1, wherein the system includes
machine readable instructions for the system to correct for
barrel distortion aberrations.

ok ok k%
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DIGITAL CAMERA WITH WIRELESS
IMAGE TRANSFER

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application is a Continuation of U.S. patent
application Ser. No. 13/691,805, filed Dec. 2, 2012, which
application is a Continuation of U.S. patent application Ser.
No. 12/586,221, filed Sep. 18, 2009 (now U.S. Pat. No.
8,451,339), which application is a Continuation of U.S.
patent application Ser. No. 11/825,521, filed Jul. 6, 2007
(now U.S. Pat. No. 7,612,805), which application claims the
benefit of priority under 35 U.S.C. section 119 from U.S.
Provisional Patent Application Serial No. U.S. 60/807,065,
filed on Jul. 11, 2006, the disclosures of which are hereby
incorporated by reference in their entirety for all purposes.

FIELD OF THE INVENTION

The present invention pertains to imaging systems. The
invention presents electronic methods to optimize optical
processing, the digital capture of light and post-capture
image organization of digital data sets. The system may be
used in any device that captures, records, replicates, scans,
reproduces, accesses, organizes, modifies, edits or stores
images digitally. The invention applies to any imaging
system that includes interaction between optics, digital
image sensors, post-capture integrated circuits and digital
storage components. The system includes self-organizing
apparatus for optical image collection, electronic organiza-
tion and optimization of digital data using integrated circuits
and software applications. The system applies to consumer
and professional still and video photography, including
cinematography, to the processing of images with digital
sensors, and to copying and scanning technologies. The
system also applies to complex grids of multiple video
cameras and satellites for surveillance and reconnaissance.

BACKGROUND OF THE INVENTION

The history of photography in the twentieth century is a
story of finding solutions for optimizing optical problems.
The main challenges have involved improving lens configu-
rations to optimize image quality for film capture. As an
example of this, lens aberrations have been reliably cor-
rected by creating aspherical lens elements in wide-angle
lenses and by creating apochromatic lens elements in tele-
photo lenses. The use of lens element coatings has also
improved optical quality. Similarly, the evolution of zoom
lenses has included improvement in optical quality via the
combining of complex optical element configurations; as the
optical quality of zoom lenses improved dramatically, their
simplicity and utility led them to dominate lens sales.
Complex computer-aided design (CAD) software has been
used to test a broad range of possible lens configurations so
as to optimize the optical performance in terms of clarity and
contrast of each lens type, as much as optically possible
within economic constraints.

In the last twenty-five years, an additional revolution has
occurred with the advent of auto-focus (AF) technology in
still photographic and video cameras. Invented by Minolta
in the early 1980s, AF technology was a photographic
application of technology developed for the U.S. military.
The AF system used an infrared light sensor to reflect light
onto an object that allowed a camera’s lens to focus on the
object by employing a motor in the camera. Canon eventu-
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ally developed improved methods of auto focus by using
electronic means viz., micro ultrasonic motors) to increase
speed and accuracy. This AF technology was integrated with
automatic exposure (AE) technology which developed com-
plex algorithms in a “program’ mode to combine shutter and
aperture data to match each lens with particular subject
matter, as well as an aperture-priority exposure mode and a
shutter-priority exposure mode. Of course, the photographer
could use manual focus and manual exposure at any time,
but these improvements increased the creative process and
the competitive advantages of camera makers and photog-
raphers that employed them. Ultimately, the combination of
these developments allowed ordinary photographers to
achieve high quality standards.

AE was improved by Nikon, particularly with the use of
a “3D color matrix” system, which included a library of
pre-programmed image types. The combination of the
improved AF and AE subsystems allowed a dramatic sim-
plification of photographic imaging because the photogra-
pher no longer labored over the time-consuming focus and
the exposure variables. Automated film advance, in the form
of built in motor drives, increased the working speeds of
camera operation as well. Nearly all consumer and profes-
sional cameras became automated to some degree by the
mid-1990s, including formats beyond the 35 mm film stan-
dard.

In the last decade, a new technology of image stabilization
(IS) has emerged to help correct the problem of vibrations
caused camera shake that lead to image blur. This technol-
ogy is implemented in lenses by the use of gyros to reorient
the light plane to compensate for camera shake; when
combined with the earlier automated camera technologies
such as AF and AFE, IS further improves the photographic
experience, particularly for larger lenses.

In addition to these advances in camera automation,
technologies improved in the category of artificial flash as
well. With microprocessors and sensors employed to mea-
sure minute variances, the development of photographic
flash systems allowed the photographer to control the light-
ing in an environment to some degree. Nikon’s use of
distance information in its flash system advanced the state of
the art in flash photography. The combination of AF and AE
with automated flash mechanisms provided increased effi-
ciency and simplicity in image capture processes.

The last several years have witnessed a revolution in
digital photography. Because of its simplicity, potential
quality improvement, immediate feedback and cost savings,
digital photography has captured an increasing market share
relative to film-based cameras. Kodak holds a number of
patents involving the charge coupled device (CCD) for
converting and recording light into electronic format. A
competing technology for digital capture is complementary
metal-oxide semiconductor (CMOS) which, though devel-
oped by Fairchild Semiconductor over forty years ago, is
predominantly used in photographic cameras by Canon.
Although there are trade-offs in the application of CCD and
CMOS digital sensors for image capture, they both find wide
acceptance in the market.

In order to correct for digital artifacts in image capture
mechanisms, anti-aliasing filters are placed in front of digital
sensors. Despite this improvement, digital imaging still has
some challenges to overcome in competing with the image
quality of film.

At the present time, the most recent advances in digital
imaging for professional still photography have come from
Hasselblad, which offers a Phase One camera back with a 39
MP digital sensor from Kodak. This system uses software
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that automatically corrects for digital capture limitations to
produce a quality image. Their “digital APO correction”
(DAC) technology performs an analysis of meta-data to
color-correct the digital capture resulting in moiré-free
images.

At the limits of current technology, a Canadian company,
Dalsa, has produced a 111MP (10,560 by 10,560 pixels)
CCD digital sensor that measures four inches square. This
technology must be mated with large format-type lenses
with large image area, and may be used for satellite surveil-
lance applications and for other astronomical applications.

With both the larger sensor surface area of a medium
format camera system and the high-quality fixed focal-
length lenses of Zeiss, Schneider and Rodenstock, the qual-
ity of even the top optics will be a limiting barrier to
advanced digital sensors’ ability to perceive maximum reso-
Iution. Without new improvements in optical and digital
technologies, further progression of photographic camera
systems will be limited.

Photographic Problems

Though every major advance in photography has solved
an important problem, there are still remaining photographic
problems to be solved in order to meet the goals of opti-
mizing optical imaging quality while increasing simplicity
and efficiency and lowering cost. Despite the advent and
evolution of digital imaging, a number of problems have
emerged in the digital realm in addition to earlier problems
involving optics. Nevertheless, an opportunity exists to
solve some of these problems via digital approaches. These
problems are generally categorized as optical or digital.
Optical Problems

In the case of optics, lens aberrations are characterized
according to lens type, with wide-angle lens problems
differentiated from telephoto lens problems. Some of the
problems affecting wide-angle lenses arose from the creation
of the single lens reflex (SLR) camera. Before the SLR, the
rear element of a lens could be placed in a rangefinder to
protrude to a point immediately in front of the film plane in
order to correct for aberrations. While the advantages of the
mirror mechanism include ability to see exactly what one is
photographing, because the mirror of the SLR flips up
during exposure, the rear element of the lens must be placed
in front of the mirror’s plane of movement. This mechanical
fact limits lens designs in most 35 mm and medium-format
camera systems and particularly affects wide-angle lens
configurations.

It is very difficult to control the five aberrations of
Seidel-spherical aberration, distortion (barrel distortion and
pin cushion distortion), comatic aberration, astigmatism and
curvature of field. In wide-angle SLR lenses as they are
currently designed, these aberrations are particularly promi-
nent.

For wide-angle lenses, optical vignetting affects periph-
eral illumination. Though optical vignetting will affect even
retrofocus wide-angle lenses in rangefinders, it is particu-
larly prominent in SLR cameras. According to the Cosine
law, light fall-off in peripheral areas of an image increases as
the angle-of-view increases. While optical vignetting can be
reduced by stopping down the lens, the aberrations in
rectilinear wide-angle lenses generally exhibit more distor-
tion the wider the lens.

In the case of wide-angle lenses, the depth of field range
is much broader, with close focusing causing aberrations
without stopping down the aperture. To solve this problem,
close-distance focusing is improved by the creation of
floating groups of lens elements. The rear lens group ele-
ments float to correct close-distance aberrations. With wide-
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angle lenses that have wide apertures, floating lens elements
improve lens aberrations in focusing on distance points also.

Modulation transfer function (MTF) curves represent a
quantitative methodology used to assess the resolution and
contrast of lens performance at specific apertures. Each lens
type has a specific lens element composition, formula and
behavior as measured by MTF. In general, Ma measures lens
sharpness to 30 lines/mm and contrast to 10 lines/mm.

Because different colors of the visible light spectrum
behave uniquely, the goal of lens design is to have all colors
accurately hit a film plane or digital sensor plane. The
particular challenge for telephoto lenses is that the red and
green light colors strike the film plane at different times than
blue light colors; thus a compensation must be made in the
lens configuration to adjust for chromatic aberrations. Cam-
era lens manufacturers have used extra low dispersion glass
and fluorite glass elements in telephoto lenses primarily to
adjust the red color light spectra to the film plane. In
addition, telephoto lenses use carefully designed lens coat-
ings to limit light diffraction-based aberrations.

Due to their construction, super-telephoto lenses are very
large and heavy. While modifying the materials used in the
lens barrels could reduce size and weight problems, a
technological improvement in telephoto lens design was
developed by Canon with the addition of diffractive optical
(DO) elements, which behave as a sort of highly-refined
fresnel lens magnifier. Though the MTF analyses of wide-
angle lenses show dramatic latitude in performance of even
high quality SLR lenses, with particular loss in resolution
and contrast toward the edges of the image, high quality
telephoto lenses show control of aberrations. However, the
price of these lenses is prohibitively high.

In the case of zoom lenses, as many as four distinct groups
of lens elements correct various optical aberrations. These
lens element groups include (a) a focusing group, (b) a
magnification variation group, (c) a correction group and (d)
an image formation group. Modulating the focal length
range of a zoom lens enables the lens to perform within the
scope of operation, yet the zoom lens architecture has limits.
In particular, the zoom lens configuration sacrifices resolu-
tion and wide potential aperture. Generally, the degree of
resolution and contrast at the smaller angle of view is traded
away in favor of competence at a wider angle of view, or
vice-versa. This explains why MTF analyses of zoom lenses
generally show a dramatic lowering in resolution and con-
trast relative to excellent fixed focal length lenses.

Digital Problems

Digital photography has built on the edifice of film
camera systems. For instance, the size of the sensor is
generally limited to the size of the optical circumference of
a lens system. In the case of 35 mm lenses that are designed
for a specific angle of view, the largest that a digital sensor
in a 35 mm lens system could be, is 24 mm by 36 mm, with
a corresponding maximum image circle of 43 mm. In the
case of medium format lenses, the largest digital sensors
would duplicate the corresponding film plane size, whether
6x4.5 cm, 6x6 cm, 6x7 cm, 6x8 cm, 6x9 cm, 6x12 cm or
6x17 cm (which results in an effective image circle as large
as 7 inches).

Digital sensors that are smaller than the limits of a
corresponding lens system have been introduced. For
example, Nikon digital sensors are smaller than 24 mmx36
mm, or advanced photo system (APS) size. Efficient stack-
ing of pixels allows a smaller sensor to eventually match the
performance of a corresponding film system, while using the
smaller circumference of the same lenses. Since the outside
edges of the lens typically degrade resolution and contrast,



Case 3:24-cv-02466-TLT Document 1 Filed 04/25/24 Page 214 of 231

US 10,877,266 B2

5

this model using the smaller digital sensor can have an
advantage of using primarily the centralized “sweet spot” of
the image area. However, this smaller sensor size sacrifices
the peripheral effects of a wide-angle lens, so a 14 mm
becomes a 21 mm in a 1.5x conversion-sized sensor in a 35
mm lens system. On the other hand, with telephoto lenses,
the angle of view is limited to the center 65% of the image.
This gives the appearance of upconverting a telephoto lens
by 1.5x and thus provides an impression of increased
magnification; a 400 mm f/2.8 lens appears as a 600 mm
/2.8 lens on a camera with a cropped digital sensor. Ultra-
wide-angle lenses have been introduced with smaller image
areas than 35 mm to compensate for smaller sensor size.

Though invented over thirty years ago by Dr. Bayer, the
charge coupled device (CCD) that is used in many digital
cameras generally emulates the behavior of film. Specifi-
cally, since most photographic film has three layers of green,
red and blue, with green representing fifty percent of the
emulsion and red and blue twenty-five percent each, the
CCD architecture also configured pixels to capture fifty
percent of the green photonic visible light spectrum and
twenty-five percent each for pixels recording red and blue
light. Human eyes see more green than red and blue, so both
film and digital sensors seek to emulate the way that we see.
Each light color is captured by a different pixel in the CCD,
just as there are three emulsion layers of film. In recent
years, Foveon has developed a digital sensor for image
capture that further seeks to emulate film by structuring the
pixels into three layers, again with fifty percent capturing
green light and twenty-five percent each capturing red and
blue light.

Unfortunately, unwanted artifacts are also captured by the
digital image capture process. These include banding and
moiré effects that present false patterns and colors. Moiré
patterns are created because the dot pattern of a sensor will
intermittently overlap with the pattern of a subject to create
a third pattern; these effects are optically-generated digital
distortions that represent the effect of light hitting a pixel
without correction. In order to compensate for these effects,
digital sensors have employed low pass filters consisting of
liquid crystal structures; however, these filters tend to have
the effect of softening image resolution. Additionally, RGB
or CMYG color filters are placed in front of digital sensors
to ensure the accurate capture of colors.

CMOS digital sensors present an alternative to CCDs. By
employing alternating positive and negative transistor net-
works, the CMOS sensors use less power. While they do not
have the low noise ratio of the CCD, they do have greater
light exposure latitude, in both range of ISO and dynamic
range of detail in highlight and shadow. More importantly,
CMOS sensors contain the circuitry, including analog to
digital converter (ADC) and digital to analog converter
(DACQ), for post-processing digital images on the chip itself
and enabling increased micro-miniaturization of the digital
imaging process. An increase in the bit rate of the CMOS
chip up to 32-bit makes possible a much richer color palate
and level of detail than with earlier generation CCDs.

CMOS sensors can be full-frame, matching the lens
specifications for the camera systems for which they are
designed. A relatively bigger sensor has a wider depth of
field capability, so the background can appear as a blur to set
apart the main subject. Given these capabilities, one problem
that emerges is that a digital sensor’s enhanced capabilities
to capture details may exceed the maximum optical resolu-
tion capabilities of many lenses. Nevertheless, CMOS sen-
sors still require an anti-aliasing filter to be used in front of
the sensor, which marginally degrades resolution.
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Over the years, cameras have gotten smaller. While in the
19th century cameras were 11x14 or 8x10, literally captur-
ing images on large emulsion plates, cameras of today are
smaller and more automated. Yet the larger the film size, the
bigger the enlargement potential and the increase in relative
detail in the overall image. Similarly in digital photography,
the larger the sensor, the more detail available and the bigger
the output print can be enlarged. Because of this correspon-
dence of digital sensor to film, the evolution of digital
photography has been restricted to respective film camera
systems, with 35 mm and medium format systems dominat-
ing the field because well-developed lens systems have
already been organized for these camera formats. The poten-
tial exists, however, to develop 35 mm camera system digital
sensors that rival film-based medium format or large format
camera system quality or to surpass the limits of 35 mm
camera systems with medium format camera system digital
sensors. The relative size, cost and automation advantages of
35 mm camera systems generally show that these systems
not only are competitive, but that these markets are increas-
ingly accelerated relative to larger format systems. For
example, the development of large aperture lenses, super-
telephotos, rapid auto-focus, refined automated exposure
and image stabilization systems in 35 mm systems has
solved various problems that have emerged in the last
century and has improved image quality and camera system
efficiency.

However, in the digital imaging realm additional prob-
lems have emerged, including the need to improve color
(hue and saturation) quality, exposure highlight range, con-
trast range and other tonal adjustments. In addition, digital
image capture brings its own set of aberrations, including
moiré and banding effects and noise and ISO range limits.
Additional aberrations are linked to the unique design of
each type of digital sensor, with trade-offs presented
between types of CCDs or CMOS chips. Moreover, there are
still optical problems in the digital realm, namely, a range of
optical aberrations created particularly by wide-angle and
zoom lenses as well as the limits of very large, costly and
heavy super-telephoto lenses.

In order to transcend the optical and digital limits of
present camera systems, software systems have been devel-
oped that deal with the problems in post-production. While
the most notable of these post-production digital editing
software programs is Adobe Photoshop, each camera manu-
facturer has its own proprietary program. In the main, these
post-production software programs are limited to color
correction and sharpening/softening of images. Additionally,
some of these software programs are able to emulate specific
artificial filter techniques to produce creative modifications
of an original image. Nevertheless, manipulating unfiltered
RAW image files in post-production processes is time-
consuming and expensive and requires considerable skill.

One unintended effect of using digital sensors to capture
images in digital photography is that dust accumulates on
the sensor surface and thereby obstructs a clear optical
image. The vacuum behavior of increasingly ubiquitous
zoom lenses moves dust in lenses that are not internally
sealed and the existence of dust is a prevalent feature of
digital photography. Dust on the sensor is a non-trivial
problem that requires tedious post-production correction for
each image. The existence of dust on a digital sensor is an
inconvenient impediment to achievement of optical imaging
quality.

What is needed to correct these various optical and digital
aberrations and unfiltered image files is in-camera modifi-
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cation capability for each specific image problem. The
present invention describes a digital imaging system to
optimize optical results.

Applications of the Present Invention

The present invention has several practical applications.
The digital imaging system applies to consumer and pro-
fessional still and video camera technologies, to cellular
telephones and to personal digital assistants (PDAs). Since
video technologies are evolving into digital formats, includ-
ing HDTV and its successors, the present invention would
be applicable to these technologies. The present invention
also applies to networks of remote camera sensors for
surveillance. The system also applies to native digital cin-
ematography and telecine conversion from analogue to
digital media. The system may be applied to image scanning
and image copying technologies. Finally, the present system
may be applied to any optical digital capture, processing and
storage sub-system technologies, including groups of sen-
sors or satellites.

Advantages of the Present Invention

There are several important advantages of the present
invention. The present system dramatically improves image
quality. This digital imaging system eliminates, or mini-
mizes, post-production processes. In addition, the system
presents substantial cost savings as well as time savings
relative to existing digital imaging systems because of the
automation of integrated in-camera optical and digital cor-
rections of aberrations.

With the present system, in-camera digital filters will
largely replace optical filters. With less distortion, cost and
weight/size than current optical filters and with far more
control and quality results, the present system demonstrates
that in-camera digital filtration out-performs better than
external filters. The in-camera filter system is also an
improvement over post-production digital filter systems
which require substantial time, cost and skill to implement.

By using the present invention, users will be able to use
lens apertures that are wider open, because lens aberrations
will be corrected. In turn, this increased latitude will allow
more efficient (2+ stops) use of available light and will allow
slower lenses to achieve quality images that have tradition-
ally been in the domain of expensive fast lenses. The process
of photography will be made generally more eflicient.

The present system allows camera manufacturers to
design different, predominantly smaller, lenses. Moreover,
with providing a system for digital corrections, camera
lenses may use less expensive optics and still obtain good
results. This process will, in turn, accelerate the adoption of
low-cost digital photographic systems and, in the aggregate,
increase the overall size of the digital photographic market.
Similarly, there will be an increase in the effectiveness of
zoom lenses, which are already becoming popular. With the
present system, 35 mm optics may obtain the quality typi-
cally recognized by 4x5 film camera systems. The present
system will thus facilitate photographic digital imaging to
supplant the film era.

Its application to digital scanning and copying will allow
the present system to become ubiquitous as a system to
improve imaging.

Because the system presents an integration of several
critical subsystems that are centered on digital imaging
processes, the system has applications to video photography,
satellite systems and surveillance systems. The dynamics of
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the operation of the subsystems of the present digital imag-
ing system reveal the refinement, efficiency and optimiza-
tion of the digital photographic paradigm.

Importantly, since the present system uses apparatus and
methods that are implemented with software processes,
in-camera software can be constantly upgraded and remotely
downloaded, while image files can be automatically
uploaded, organized and published.

If the goal of the evolution of photographic technology is
to increase the number and quality of excellent images, the
present system will revolutionize photography.

Solutions to Digital Imaging Problems that the Present
System Presents

The present system provides in-camera digital corrections
to both optical and digital aberrations. In the case of optical
aberrations, distinct lens-specific imperfections are caused
by wide-angle, telephoto and zoom lens types. In the case of
digital aberrations, specific digital artifacts, such as aliasing
and dust, must be corrected.

The present invention also designs specific improvements
to digital sensor design. These hardware architecture modi-
fications allow digital imaging to maximize both optical
resolution and image exposure range.

Post-capture in-camera filtration is only part of the solu-
tion. There is also a need to modify the digital sensor,
whether CCD or CMOS, with specific filtration in some
cases, including a low pass anti-aliasing filter and a polar-
izing filter. This post-optic pre-sensor filtration works with
post-sensor in-camera filtration processes.

In the context of specific complex processes, such as in
zoom lens modifications of focal length and in full-motion
video processing, additional corrections are performed using
the digital imaging system which continuously optimizes
performance.

Finally, the present system reveals approaches to improve
network coordination and wireless external storage and
publication capabilities for digital imaging systems.

BRIEF SUMMARY OF THE INVENTION

The present invention is divided into several main sub-
systems: (1) digital filters to correct optical and digital
aberrations; (2) digital sensor improvements and nano-grids;
(3) digital system improvements that link multiple digital
corrections; (4) dynamic digital imaging system improve-
ments that apply to zoom lenses and video imaging; and (5)
digital image network improvements. There are several
distinct improvements for each category of sub-system
listed.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic drawing of a digital imaging system.

FIG. 2 is a flow chart of an analog to digital signal
process.

FIG. 3 is an image of the vignetting corrective filter in an
optical lens.

FIG. 4 is a list of wide angle 35 mm lens types.

FIG. 5 is a flow chart of the digital corrective process.

FIG. 6 is a schematic diagram of different types of optical
aberrations in different configurations of the same lens.

FIG. 7 is a flow chart of the process of digital image
capture, processing and storage.

FIG. 8 is a flow chart illustrating the process of selecting
filtration settings.

FIG. 9 is a pair of diagrams showing the varied depth of
field optimization at different apertures.
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FIG. 10 is a flow chart showing exposure optimization
using digital correction in camera.

FIG. 11 is a flow chart illustrating the use of in-camera
special effects filtration.

FIG. 12 is a flow chart showing the selective in-camera
filtration of specific objects.

FIG. 13 is a flow chart describing the exposure adjustment
of an image using in-camera filtration.

FIG. 14 is a flow chart showing the process of in-camera
special effects filtration.

FIG. 15 is a flow chart showing the process of in-camera
digital correction for sensor dust.

FIG. 16 is a diagram showing a digital camera with an
ASIC array.

FIG. 17 is a diagram illustrating a digital camera with
interchangeable CCD and CMOS sensors.

FIG. 18 is a diagram of a digital camera with a nano-grid
before the sensor.

FIG. 19 is a diagram of a nano-grid.

FIG. 20 is a diagram showing the feedback loop connect-
ing the processor and the nano-grid.

FIG. 21 is a diagram illustrating the tri-pixel architecture
in a digital sensor.

FIG. 22 is a flow chart showing the pre-programmed
modules for in-camera functionality.

FIG. 23 is a diagram showing the pre-sensor modification
process in a digital camera.

FIG. 24 is a flow chart showing the integration of optical
and digital corrections with feedback.

FIG. 25 is a flow chart showing the interactive feedback
mechanism of integrated corrections.

FIG. 26 is a flow chart describing the adaptive user pattern
learning process to process images.

FIG. 27 is a flow chart describing the feedback process in
filtering images.

FIG. 28 is a flow chart showing software privacy function
in a digital imaging system.

FIG. 29 is a flow chart showing the dynamics of zoom
lens corrections in digital imaging.

FIG. 30 is a diagram illustrating object racking in
dynamic changes in video corrections.

FIG. 31 is a flow chart showing object tracking of a digital
imaging system.

FIG. 32 is a flow chart showing the caching process of an
object in motion in a stationary scene.

FIG. 33 is a diagram showing network coordination of
fixed sensor grid tracking multiple objects.

FIG. 34 is a diagram showing the wireless communication
features of the digital imaging system.

FIG. 35 is a flow chart showing an image organization
system.

DETAILED DESCRIPTION OF THE
INVENTION

(D Digital Filters to Correct Optical and Digital Aberrations
(1) Lens-Specific Digital Correction of Fixed Focal-Length
Lens for Specific Optical Aberrations in Camera.

Each lens has some sort of aberrations because of the
trade-offs involved in producing lenses of usable size and
practical commercial cost. The challenge of building lenses
for SLR camera systems lies in accounting for particular
restrictions and compromises, particularly for wide-angle
and zoom lenses. In the case of wide-angle fixed focal length
lenses, several main kinds of aberrations occur, including
spherical aberration, distortion (pin cushion distortion and
barrel distortion), astigmatism, curvature of field (manifest-
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ing as the reduced corner exposure of vignetting) and
comatic aberration (a distortion evident with long expo-
sures). The extremes of each of these aberrations have to be
corrected in post-production.

In the case of vignetting, a type of aberration in which the
corners of an image are exposed a stop less than the image’s
center area, software can digitally emulate a center-neutral
density filter to compensate for the light fall-off on the
edges. This operation identifies the degree of light fall-off
for each specific lens and adjusts the brighter areas in the
center of the lens by appropriate exposure compensation. A
consequence of this digital equivalent of the traditional
optical solution to vignetting is that the image will require
exposure metering of the subject at a level consistent with
the outside edges of the image rather than the typical inner
section. In the present system, the camera will use pre-set
calculations compensating (generally one stop) for the spe-
cific gradations of the curvature of the field for each lens,
with an increasing compensation correlated to an increased
angle of view. Similarly, barrel distortion and pin-cushion
distortion, which also manifest in image corners, are cor-
rected using processes of employing pre-set calculations, to
compensate for optical distortion, particularly in wide-angle
and zoom lenses.

In addition to integrating into the camera the traditional
process of image correction for exposure gradations of
vignetting, the present invention offers two further embodi-
ments. First, instead of darkening the center to match the
darker corners, the in-camera digital compensation system
will lighten the corners to match the exposure of the center
of the image. In the second embodiment, the in-camera
digital compensation system will both lighten the corners
somewhat and darken the center of the image somewhat, to
produce a more pleasing and realistic effect. The in-camera
digital corrections of the vignetting problem dramatically
improve the traditional optical solution of a center-weighted
neutral density filter, which typically degrades image quality
as it evenly illuminates the full image.

Since each lens has specific aberrations, depending on
manufacturer and even differences in the specimens them-
selves, the camera software system will have prepro-
grammed general corrections for each specific lens type. For
instance, while a. 20 mm 2.8 lens varies among manufac-
turers, the general optical aberrations will be similar. An
effective software solution is one which brings the optical
image quality to a level consistent with a benchmark as
measured by low MTF curves for each lens in its class in
terms of both resolution and contrast throughout the image.
To exemplify this benchmark, retrofocus rangefinder lens
performance results of wide-angle lenses, which lack a
shutter mechanism to design around, can be used for com-
parison. To accommodate the mirror in the SLR design type,
the rear nodal point in SLR lenses are shifted forward,
creating distortion. In contrast, the present system suggests
applying a digital solution to compensate for this problem.

In a general sense, this process of correction is similar to
correcting an ocular astigmatism with reading glasses. How-
ever, rather than using an optical solution to an ocular
problem, the present system reveals a digital solution to an
optical problem.

In the process, the camera identifies a specific lens and
refers to a database that matches the lens type with the
specific aberrations. The aberrations are consistent through-
out all images for each formula of a specific prime lens type
and are thus corrected by adjusting for each specific aber-
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ration category. Generally, the larger the angle of view of a
lens, the greater the distortion and the greater the need for
in-camera digital corrections.

In addition to the kinds of distortions created in wide-
angle lenses, other types of distortion occur primarily in
large aperture telephoto lenses, most notably chromatic
aberrations that require apochromatic corrections. Rather
than employing large, heavy and expensive extra dispersion
glass, such as fluorite elements, the present system allows
each lens type to be digitally corrected for these types of
aberrations. The in-camera digital process works by identi-
fying a specific lens and comparing the lens pattern to an
internal database. Mathematical calculations compensate for
the shift in red and green light that apochromatic corrections
require for very low Mil, curves registering high standards
of resolution and contrast by emulating the optical benefits
of extra low dispersion glass elements.

Since lenses of the same focal length but with different
maximum apertures represent completely different lens
designs, modifications of their aberrations will vary relative
to each specific lens type. For example, a 24 mm 1/2.8 lens
will have a different optical formula than a 24 mm f1.4 lens
in a 35 mm camera system. Similarly, a 28 mm /2.8 will
differ from both a 28 mm f/2 lens and a 28 mm f1.4 lens and
will thus each require different adjustments for vignetting,
spherical aberration, pin cushion distortion, barrel distortion
and coma. In other words, each lens with a unique optical
formula will have specific aberrations, the corrections for
which will be accessible in a database.

Another type of optical aberration that affects lenses
involves flare, which is a sort of specific reflection of light
sources. While improvements in lens coatings have been
used to correct for flare, high refractive glass also eliminates
flare. The present system uses digital processes to emulate
these flare reduction functions on lenses even at maximum
apertures.

In addition to the lens-specific types of corrections that
are supplied by in-camera software, a function that opti-
mizes contrast provided by limited reflected light is
required. In general, lens hoods reduce reflected light. How-
ever, in the absence of a lens hood, scattered light will
adversely affect contrast in all lenses. Thus, a general digital
solution will optimize contrast from reflected light by emu-
lating the effects of a lens hood.

Because the pixels on a digital sensor behave as neutral
intermediaries to record light, the aberrations on specific
fixed focal length lenses will be prominent. It is therefore
necessary to filter out various optical impurities. In all cases,
the digital in-camera software program emulates specific
filters to effectively collect specific optical aberrations.

By digitally adjusting for optical distortions, the present
system advances the state of the art for fixed focal length
lens optics, beyond any opportunities available in film
cameras. The following chart illustrates a list of optical
distortions that are corrected by in-camera digital solutions.

Fixed Focal

Length Lens Type Zoom Lens Type

Specific Wide- Wide-  Wide-

Aberrations angle Telephoto angle to-Tele Telephoto
Spherical X X X

Comatic X X X X X
Astigmatism X X
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-continued

Fixed Focal

Length Lens Type Zoom Lens Type

Wide-
angle

Wide-
angle

Wide-
to-Tele

Specific

Aberrations Telephoto Telephoto

Distortion (Pin X X
Cushion and
Barrel Distortion
Curvature of Field
Chromatic

Flare

Scattered light
(Unpolarized)
Color Accuracy
No Lens Coatings

KR oMM M
LR
KR oMM M
LR
LR

(2) Multivariate Digital Correction Using Matrix Filter
System in Camera

Since typically several distinct aberrations exist in a lens,
it is necessary to correct each of the aberrations. For this
multi-dimensional problem there is a multivariate digital
in-camera software correction solution. The problem of
correcting multiple aberrations presents the additional chal-
lenge of requiring acceleration to complete multiple tasks
rapidly. In most cases, the hardware employed in a camera’s
chip set will include an application specific integrated circuit
(ASIC) which processes a particular program rapidly. It is
appropriate to facilitate the combination of corrections to
multiple simultaneous aberrations with an ASIC or multiple
ASICs.

There is a need to optimize both resolution and contrast
across the image area for accurate light reproduction. One
way to do this is to stop down the lens to an optimum
aperture of about /8. However, this solution sacrifices the
advantages of a fast lens design and capability, namely,
limited depth of field and bokeh (smooth out-of-focus area).
Though resolution is typically improved by stopping down
a lens, digital sensors are generally still restricted in their
latitude of contrast. Therefore, regarding both resolution and
contrast, it is necessary to provide multiple adjustments of
the native image with in-camera digital corrections.

While it is possible to produce mathematical algorithms
for automatic correction of optical aberrations, it is also
useful to have manually adjustable variables. Therefore, the
present system includes a function whereby one may omit a
specific correction in an image by using a lens with multiple
aberrations in order to induce a particular creative effect.
This factor may involve a lack of exposure compensation, a
lack of correction for spherical aberration or an improperly
or partially corrected apochromatic modification.

In one example of the use of multiple corrections, simul-
taneous application of multiple digital filters concurrently
corrects multiple aberrations. In effect, this is like adding
layers of different eye glasses to repair multiple types of
astigmatisms for each specific ocular condition. The dynam-
ics of correcting multiple simultaneous aberrations may be
complex, but since the number and type of aberrations are
constrained to a specific lens type, a centralized database
may be accessed with specific corrections for each respec-
tive aberration. For example, lenses with multiple complex
aberrations, such as in very wide-angle lenses, will require
multiple corrections. These combinations of corrections
become complex as focal length modes change in zoom
lenses and as aperture changes.

The following is a list of filter types that provide digital
methods of correcting image problems or creating specific
effects. The list is not intended to be comprehensive or
systematic.
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Other
Filter Type in Digital App. Most Common Uses Filter Types
UV (and Sky) General Use Polarizer

Color-enhancing
(and warming)
Contrast

17 mm-200 mm (in 35 mm) Close-up

17 mm-200 mm (in 35 mm) Special effects
filters
Black and White 17 mm-200 mm (in 35 mm)

(Red, Orange, Yellow,

Green)

Infrared 17 mm-200 mm (in 35 mm)
Color Graduated (Neutral 17 mm-200 mm (in 35 mm)
Density)

Diffusion 24 mm-135 mm (in 35 mm)

(Soft, mist/fog, star, streak)
Combinations (Neutral
density and enhancing,
Polarizer and UV)

17 mm-200 mm (in 35 mm)

In the past, these optical filtration processes were added
after the production process via editing software such as
Photoshop. However, in the present system, these combina-
tions of processes are performed in-camera by user-adjusted
settings. In the case of artificial color changes to an image,
digital processes emulate specific optical filters by adding a
specific color or a combination of colors. On the other hand,
in the case of diffusion filtration, the in-camera digital
process creates an emulation of optical filters. The classic
example of this diffusion approach is the soft filter, which is
used for portraiture. In this case, various user-adjustable
settings in the camera digitally manipulate soft filtration.
(3) Depth-of-Field Optimization Using Digital Correction in
Camera

In addition to correcting optically-generated aberrations
with in-camera digital processes, the present system allows
in-camera depth-of-field (DOF) optimization by affecting
the aperture of the lens that is used.

DOF in an image is dependent on the aperture setting in
a lens, in which a moderate DOF range—allowing a subject
to be isolated in an image—can be manipulated, that is,
extended or narrowed, by the camera’s digital processing
capability. In the film paradigm, one obtains a specific
aperture, and thus the corresponding DOF, that is preset by
the photographer. However, in the digital paradigm, by
contrast, one can narrow an image’s surplus DOF range
in-camera by manipulating the aperture. This process can
only be done in the camera, because once the digital file is
sent to post-production editing, the aperture and DOF is
already set and incapable of being changed. The aperture is
narrowed in camera by isolating the subject and shifting the
field of view (forward from the rear range of DOF and
backward from the front range of the DOF). Distance
information is used to recalculate an optimal DOF. In
another embodiment, the camera provides feedback from an
internal computational analysis that results in a specification
of less DOF and takes another image (or images) with a
larger aperture to accomplish reduced DOF at a specific
focus point.

The camera will effectively identify a type of subject and
provide an optimal aperture for this subject. For instance, for
a portrait, the camera will select a shallow DOF around the
subject. In the case of a distant landscape, the camera will
focus on a distance at infinity and provide a nominal aperture
to correspond to shutter speed that will fit the available light
as matched to a specific lens. A near landscape photographed
with a wide-angle lens will, on the other hand, have a near
focus and a maximum DOF; specific subjects will be high-
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lighted with ample DOE. The camera will also have the
capability to bracket exposures in several successive images
based on DOF variations.

The DOF manipulation thus depends on a combination of
data sets including the particular lens used (wide-angle
lenses have greater DOF at moderate distances than tele-
photo lenses), the distance information and the unique
combinations of aperture and shutter speed. DOF will nar-
row with less distance, with use of a telephoto lens and a fast
aperture; contrarily, DOF will expand with a further dis-
tance, with use of a wide-angle lens and a slower aperture.

In another embodiment of this process, test images are
taken and analyzed, then later images taken with new
settings optimize DOF for each image type.

(4) Exposure Optimization Using Digital Correction in
Camera.

One phenomenon that film currently records better than
digital photo technology is exposure latitude. Film is
capable of greater exposure latitude than either CCD or
CMOS digital sensors, though each digital sensor type has
strengths and weaknesses. For the crucial detail recorded in
a scene, film provides far more depth of tonal range. Yet
some of this problem—caused by the limits of digital
sensors themselves and the way that photons are recorded by
electrically charged pixels—can be digitally corrected and
optimized in-camera.

The problem derives equally from the method of measur-
ing exposure as well as the method of image capture by a
digital sensor. In general, since there is less exposure latitude
in digital sensors, as compared to film, the maximum scope
is two or three stops in the image tonal range. Consequently,
the camera must meter the image within constraints of the
tonal range of the digital sensor, with the sacrifice of either
shadow detail or highlight detail. In an image with broad
exposure range, then, the image will generally be either too
light or too dark because metering for one area sacrifices the
other tonal category.

One way to solve this problem is to manipulate the lens
aperture, because increased aperture within an optimal limit
generally increases detail. An optimal aperture of /8 pro-
vides more detail and clarity than at {/2 or at /32. The
in-camera processor may thus seek out more detail in the
image by manipulating the aperture to the optimal range of
/5.6 to /11, depending on the type of subject and the
availability of light. With more detail in the original image,
it is possible to interpolate the digital data in the image file
by increasing both shadow and highlight detail and to gain
an additional stop or two of tonal range.

In another embodiment, the tonal range of an image data
set is enhanced in-camera by using meta-data to sample the
range of shadow and highlight detail. The data sets are
interpolated to add requested shadow detail and/or highlight
detail. Obviously, some subjects require more or less
shadow or highlight (or both), which the camera can corre-
spondingly adjust. These tonal range corrections are user-
adjustable.

In an additional embodiment of in-camera tonal range
corrections, exposure data are bracketed by manipulating the
aperture and shutter speed to lower or raise the overall
exposure in one-third to one-half stop increments. This
bracketing method may be correspondingly limited to a
specific image type. For instance, in a portrait, the extrane-
ous background, which ought to be out of focus, is not
emphasized in the exposure data, while the main subject is
carefully nuanced for balancing an optimum of both high-
light and shadow, or for an exclusive emphasis on either
highlight or shadow.
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The overall problem of limited tonal range in digital
photography stems from mismatched exposure-metering
mechanisms of digital sensors with substantially restricted
tonal range capabilities. One interesting example of this
problem occurs in scenes with two or more stops of differ-
ence, such as a landscape with sky on top and earth on
bottom. A filtration process will operate on the key parts of
such an image, as described above regarding the vignetting
phenomenon; the overexposed top half of the scene will be
gradually underexposed while the lower half of the scene
will be gradually overexposed. This scene-specific adjust-
ment of exposure greatly increases the tonal range of digital
images and is made possible via analysis of the scene and
comparison to a database of typical scenes categorized by
the in-camera digital processor which effects correction
using the methods described herein. In this example, the
corrective process emulates the use of neutral-density opti-
cal filters.

(5) Special Effects Digital Filtration of Specific Objects

Though there are several main categories of special
effects optical filters, including color enhancing, infrared
and diftusion, the use of diffusion filters appears to elicit the
most dramatic effect. Diffusion filters are categorized as soft
effect, mist/fog, black mist, gold diffusion, and star and
streak, with various degrees of diffusion producing lesser or
greater distortions. In effect, rather than removing optically-
generated distortions, we are deliberately creating photo-
graphically desirable distortions. It is possible to reproduce
these special effects by using the digital post-capture pro-
duction processes in the camera. In this case, the camera
digitally emulates the special effect by applying user-adjust-
able filter settings.

Portraits have traditionally used some sort of soft effect
filtration approach which is producible in the camera using
the methods described here. After the image is captured, the
camera analyzes the image’s meta-data and applies a cor-
rection by interpolating the data with specific filter emula-
tion. In the past, specific camera lenses, such as the 135 mm
soft effects (also called “defocus control”) lenses performed
this function optically with an included adjustable lens
element. This defocus control lens type will focus on the
main subject and a lens element setting of the telephoto lens
to produce a soft filter effect. In addition, because this lens
type uses a nine blade aperture, the background that is out
of focus has a pleasing bokeh in which the gradations of tone
are evenly smooth. Nevertheless, a sophisticated digital
camera is able to produce the same results with more
information provided by a normal telephoto lens, using the
method of emulating special effects in-camera.

Another novel special effect that is a further embodiment
of'the system is the ability of the in-camera digital corrective
system to use complex data sets contained and analyzed in
an image to create a three dimensional (3-D) representation
of the image. The camera creates a 3-D image by arranging
the DOF in a way that optimizes the aperture by using
distance information and autofocus data to isolate a subject.
By removing the foreground and background of the image as
a center of subject focus, the DOF will emphasize the
subject only as 3-D. The key to this effect is the application
of specific exposure data as indicated above, because it is in
the increased extension of the range of highlight and shadow
that the subject in the image will attain a 3-D quality in
contrast to its out of focus foreground and background.

An additional embodiment of the present system would
extend the still photography in-camera special effects to
video with full-motion ranges of filtration actions.
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Finally, it is possible to combine different user-program-
mable special effects in-camera by adding the various types
of diffusion methods for a specific image.

(6) Selective in-Camera Filtration of Specific Objects

The combination of sophisticated auto-focus technologies
and in-camera auto-exposure systems provides the opportu-
nity to isolate a subject by focusing on the subject and
narrowing the DOF range by manipulating the aperture. In
a further extension of the subject-isolating capabilities of
these technologies, it is possible to digitally filter out specific
objects in a scene in-camera while focusing on other
selected objects that are in a specific range of DOF. In other
words, one may apply filtration to correct aspects of a single
object or only the background of a scene to the exclusion of
an isolated object, rather than correcting a whole scene.
Selective filtering of specific objects in an image by in-
camera digital processing affords greater creative flexibility.

Because the camera uses distance information to isolate a
specific object by focusing on the object within a range of
DOF, it is possible to isolate a particular object for the
purposes of applying a specific filtration preference, such as
manipulating the color, correcting the optical aberration
(say, if the object is in a corner of the image of a wide-angle
lens), providing a special effect (such as a soft effect only on
a specific object rather than the scene as a whole) or using
some combination of these corrections. Once the camera
isolates the selected object (using auto-focus mechanisms
and distance information), the user selects programmable
correction features to perform a corrective function only on
the specific object (or only on the parts of the scene that are
exclusive of the object). In a further embodiment, contras-
tively, once the object is isolated, only the background may
be selectively manipulated with filtration, achieving pleas-
ing effects. This in-camera corrective feature provides a
powerful tool to rapidly manipulate an image without using
post-production editing software tools.

These object-specific in-camera selective filtration capa-
bilities are particularly dramatic with fast-moving action
photography in which split-second timing produces the
preferred complex effects. Selectively identifying a particu-
lar object for intensive combinations of filtration is a high-
light of the present system.

(7) Digital Correction in-Camera of Intermittent Aberrations
Caused by Dust on Digital Sensor

Dust on a digital sensor is a major concern for photog-
raphers. The use of zoom lenses compounds this condition,
because as the zoom lens changes focal-length positions, air
is transmitted, which results in the proliferation and diffu-
sion of sensor dust. Unless photography is isolated to a clean
room, the problem of dust on a digital sensor will remain
prevalent. The present system provides a method to correct
for this phenomenon.

In the case of dust on a sensor, a specific consistent pattern
emerges on each image captured by the digital sensor.
Consequently, information from various images is analyzed,
and the pixels affected by dust are identified. Information
from the consistent fixed pixel positions that are affected by
the dust are then isolated. The specific positions with the
dust are then analyzed by comparing the immediate areas
surrounding the dust that are not affected by it. These
unaffected areas are analyzed, and the affected areas are
interpolated to provide a continuous tone. In effect, the
images identify the locations with dust by using caching
technology. The continuity of the location of the dust
between multiple images provides information to the in-
camera image processor to detect the specific pixel loca-
tions. The camera will then apply a corrective process to the
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isolated dust locations with adjoining exposures by interpo-
lating these distinct locations for each specific image con-
figuration.

In another embodiment of the present system, “hot” (too
bright) or “dead” (too dark) pixels are interpolated out of the
scene using the method described above. Unlike hot or dead
pixels, dust is a similar but temporary version of the same
problem of an artifact that requires in-camera modification.
In effect, a map is built to discover, isolate and interpolate
bad pixels, which are a permanent problem revealing a key
limit in digital sensor technology. Separate maps are con-
structed for permanent pixel dysfunctions and temporary
pixel aberrations (viz., dust). In both cases, the camera
works from these maps to correct the aberrations on a
pixel-level.

In a further embodiment of the present system, Monte
Carlo analysis is applied to the problem of identifying the
location of dust on specific pixels (or partial pixels) by
randomly creating an initial map from information of at least
two contaminated images.

In still another embodiment of the present system, the
process of modifying pixel aberrations (either permanent or
temporary) uses a sequence of operation which begins by
correcting the major aberrations first, then repairing the
minor aberrations, thereby maximizing efficiency. This is
done by starting the corrective process in a specific location
of the image and moving to other positions in an efficient
pattern.

(8) Sequence of Corrections for Multiple (Optical and
Digital) Types of Aberrations in Camera

Since it is evident that multiple digital filtration
approaches may be used for specific types of problems or
aberrations or to achieve specific effects, it is clear that a
combination of the techniques may be employed simulta-
neously on specific images. The present invention allows the
various optical and digital corrections to be performed in
camera in a sequence of actions. The user selects the various
combinations of functions required to be performed,
inspects the effects, and chooses the most effective combi-
nation of effects. Thus the invention offers a combinatorial
optimization of the totality of corrective (filtration
approaches.

After the images have been taken, it is possible to inspect
them in the camera using the camera’s image read-out. This
makes it possible to create new files, or to adapt a RAW file,
in real time, by manipulating the various corrections in
sequence. This post-image-capture in-camera editing pro-
cess allows multiple corrections to be applied to a range of
optical and digital aberrations by combining various specific
corrective techniques.

In some cases, the user can pre-set specific corrections.
For instance, to correct for optical aberrations, a user may
leave this function on permanently. In other cases, such as
selective filtration of a specific object or optimization for
DOF or exposure, there may be discriminating use of
specific corrective functions. In the case of selective user
choice, it is possible, by using the present invention, to select
a priority sequence of corrections in layers. While specific
select layers may be permanently activated, for example to
automatically adjust specific optical aberrations, additional
sets of layers may be manually selected in order to modity
the specific aspects of each image, particularly to adjust or
correct digital aberrations. This process can be performed
with a single microprocessor, multiple microprocessors,
multiple ASICs or a combination of microprocessors and
ASICs.
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An additional embodiment of the system provides mul-
tiple combinations of corrections and effects via multiple
independent ASICs, which only perform specific functions,
working in parallel. The various tasks are divided into
specific-function ASICs for rapid processing. The advantage
of this approach is accelerated processing speed in perform-
ing multiple simultaneous functions.

(II) Digital Sensor Improvement and Nano-Grids
(9) Interchangeable Digital Sensor System Using Both CCD
and CMOS to Optimize Best Results

Because the main digital sensor types of CCD and CMOS,
like film types, each have benefits and detriments, it is
sometimes advantageous to provide the utility of both sensor
types in a camera system. With the exception of a video
camera, which employs three CCDs, the use of multiple
sensors has not been adopted. Two generations ago, how-
ever, the idea of using a twin reflex camera for medium
format photography was implemented. In this case, though
focus was coupled between the lenses, one lens was used to
see the subject, while the other lens took the picture. This
method was used to obtain the benefits of a rangefinder
camera with a single lens reflex camera.

The use of two types of sensors in a camera is compelling,
because the user benefits from the strengths of both. In the
present invention, one sensor is selected from among at least
two different types of sensors that are rotated to an active
position by the user. One advantage of this approach is that
if one sensor experiences a problem, there is a reserve sensor
available at the push of a button.

This capability usefully exploits the strengths of each
particular sensor. For instance, in situations in which high
resolution is required, a CCD may be preferable, while in
cases in which increased tonal range or low noise is pref-
erable, a CMOS sensor may be preferable. With this
approach, a customer does not need to choose between
different types of sensors.

The process of interchanging the two chips is performed
by placing the two chips on either fagade of a plane that
“flips” over (i.e., rotates 180 degrees) upon demand to obtain
the requirements of the chosen chip type. This mechanism
would fit behind an SLR’s mirror and could easily be
performed as long as the mirror is in the “up” position. In
another embodiment, the chip exchange process can occur
by sliding alternating chips into a sleeve from a single
location and replacing the non-utilized chip(s) into the
reserve compartment. In either event, the camera will detect
the chip exchange and will automatically reprogram soft-
ware functions and settings for the usable chip.

(10) Nano-Grids for Selected Pixels on CCD or CMOS
Integrated Circuits to Optimize Selective Modifications of
Exposure, ISO and Aberrations in Digital Photography

Digital sensors consist of arrays of pixels, arranged in
rows, which behave as tiny buckets for converting photons
to electrons. As the pixels fill up with light, they are able to
discern slight differences in color and exposure and transfer
the energy, in the form of electrons, to storage. Charge
coupled devices (CCDs) have been the predominant form of
digital sensor because they use a form of electronic charge
which creates the behavior of a bucket brigade of transfer-
ring data, once the buckets in a row are filled up, to
successive rows for digital data storage of the electronic
charge sets. CMOS digital sensors may be structured with
larger bucket pixels, which can increase the depth of the
light captured and thus the latitude of light exposure that is
stored. However, for the relatively larger buckets to provide
increased photon capture capacity, it is necessary to control
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the width of the opening in the top and the width of the
buckets so that the amount of light captured may be modu-
lated.

The present invention introduces a key advance in the
ability of digital sensors, particularly CMOS sensors, to
modulate the size of the openings of the pixels. Specifically,
the present system provides for a nano-grid, or a very small
matrix of filaments, which fits over the sensor. The nano-grid
is carefully calibrated to match the rows of pixels on the
sensor so as to limit the amount of light that each of the
buckets may receive. Use of the nano-grid allows a selective
closing of the large buckets in order for photons to be
restricted. Selective modification of specific pixels on the
neutral grid makes it possible to identify specific sets of
pixels to correct for various exposure or lens aberrations.

In this embodiment of the present system, data about a
specific lens are provided to the camera in order to correct
specific lens aberrations, while exposure data is used to
modify image capture using nano-grids for optimum image
performance.

Nano-grids may be selectively switched at different pixel
sites, akin to continuously programmable field program-
mable gate array (CP-FPGA) semiconductors, which modify
architecture in order to optimize effective operation by
constantly manipulating the chip’s gates.

Nano-grids may be used for specific image modes, for
example, nocturnal imaging, which requires more time to
read a sufficient amount of light. In this case, a specific
software module may provide lens and exposure data to the
camera, which then determine the precise composition of
nano-grid correction to provide to specific sets of pixels on
the digital sensor. In effect, nano-filaments move to positions
to effectively block out the full capacity of the pixel buckets
and thus change the pixel effects. With use of preset nano-
grid positions for particular applications, the identification
of specific vectors of nano-filaments is performed, and
exposure adjustments are made on specific images in hard-
ware.

The nano-grid is overlaid over the surface of the pixel
architecture. The nano-grid is used not only in specific
pre-set positions, but it also provides feedback to the post-
capture system for analysis and repositioning to achieve the
desired effects. One effect of the nano-grid is to manually
expand or narrow the range of a set of pixel buckets; this
process in turn effectively modifies not only the exposure
range but also sharpness at high ISO, thereby dramatically
reducing noise. Consequently, it becomes possible, by modi-
fying the pixel bucket width and height, to obtain extremely
sharp images with excellent contrast and tonal range even in
poor lighting, a feat heretofore impossible.

The nano-grid performs these mechanical functions by
moving the nano-filaments in an arc, like expandable wind-
shield wipers. Though nano-grids are particularly useful in
CMOS chips, they are also useful with CCDs. In fact, with
the advent of nano-grids, CCD pixel size (and density in
pixel-rows which will affect the overall sensor size) may be
expanded and thus made substantially more versatile.

In a further embodiment of the present invention, multiple
screens, or grids, would be placed over the digital sensor.
The use of multiple nano-grids provides increased capacity
to perform the function of closing off the pixel buckets and,
in fact, to completely close off selected pixels to make the
image effect completely dark. The combinations of nano-
grids behave as multiple screens that move left and right to
achieve the desired effect. Although there is a need to
periodically calibrate the screens to effect their precise
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positions, this system will employ an electric charge to push
the nano-filaments to the desired locations.

Nano-filaments move to block the space allowing photons
to hit the pixel in order to limit the amount of light capacity
available to the pixel. The complete darkening of the pixel
will result in a total black color in the resulting image.

Exposure data feedback is provided to the digital sensor
to effect the precise positioning of the nano-grid(s). In a
further aspect of the present system, the camera’s computer
will anticipate the exposure data by statistically extrapolat-
ing from the pattern created by at least three data sets. A
microprocessor (or ASIC) controlled nano-grid mechanism
will use the feedback to anticipate specific nano-grid posi-
tions in order to optimize the exposure and collective
functions.

In one application of the nano-grid, the problem of
vignetting in wide-angle lenses may be solved by activating
nano-filaments in nano-grid(s) primarily in the corners to
correct for the darkening from the limits of the optical
aberrations, while still maintaining very low noise in a high
ISO (low light) photographic situation. The use of the
nano-grid would thus contribute to solving multiple prob-
lems.

Nano-grids will also be useful in accurately correcting for
both color and exposure detail. In fact, with nano-grids, the
capacity of digital sensors’ range should be substantially
increased, because the chips’ pixel bucket sizes can be
modulated. Therefore, not only will the lighting and color be
accurate, but sharpness and optical aberrations will also be
optimized, in ways not possible before.

(11) Integrated Nano-Grids in Digital Sensor

In a further embodiment of the system, nano-grids may be
integrated into the digital sensor. In this form of the nano-
grid, the nano-filaments are constructed within the pixel
buckets in order to increase their accuracy and responsive-
ness. The nano-filaments mechanically move in various
directions to perform the main operation of modulating light
into their respective pixels. This method of organizing
nano-grids and nano-filaments increases the rapidity of
response to feedback. In effect, each pixel has a mask, or
flexible lid, contained in it, which may open and close, to
allow more or less light into the pixel bucket.

The integrated-filaments are activated by oscillation
between positive and negative charges. In the context of a
CMOS sensor, the transistor networks oscillate between
positive and negative charges. This architecture allows a
“push-pull” design of nano-filaments in which the negative
charge “pulls” and the positive charge “pushes” the activa-
tion of the nano-filaments. This charge-enabled nano-grid
(CENG) advantageously allows modulating gates (i.e., fila-
ments) integrated into the pixel to reduce spaces between
pixels, thereby allowing more pixels to be packed on the
same surface area. The net benefit of the use of integrated
CENG filaments is that specific sets of nano-filaments will
produce specific effects on-demand and allow far more tonal
detail than has been possible before.

In a further embodiment of the present system, sophisti-
cated digital sensors may contain combinations of nano-
grids that appear on top of the sensor as well as nano-grids
that are integrated into the digital sensor. This combination
will provide maximum latitude for processing the greatest
effect available.

(12) Combinations of Nano-Grids and Digital Corrections
Applied to Digital Imaging System

Whereas it is possible to exclusively implement nano-
grids to control the amount of light penetrating specific
pixels, and it is possible to exclusively provide digital
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corrections as specified above regarding correcting optical
or digital aberrations, a further embodiment of the present
invention combines the two processes in order to optimize
imaging.

Combining these two complex processes makes it pos-
sible to modify pixel capacity to maximize exposure lati-
tude, to expand exposure modification and to apply digital
correctives for optical and digital aberrations. Hence selec-
tive exposure far beyond the limits of present film or digital
photography is made possible. The restrictions of film can
thus be transcended by using the present system, whereas
use of a static and limited digital system would not be
sufficient to facilitate these complex corrections.

The unique combinations of these processes also illustrate
a complex system that provides feedback from both the
environment and the photographer. The photographer may
select preset exposure settings that will activate a range of
options in both the nano-grids and the digital corrective
system, while the lens aberration corrective system is auto-
matically implemented. Once the camera detects specific
conditions, such as a broad range of exposure latitude, from
very bright to very dark, in the scene, it computes the precise
number and location of nano-grids needed to modulate the
pixels for optimum exposure with highlight and shadow
detail and extreme sharpness, even in relatively low light.
The dynamics of these multiple processes present trade-offs
in selecting the best available set of selected modifications.
(13) Tri-Well Pixels

As indicated above, one of the key problems with current
digital sensors involves dynamic range. There is a need to
limit the scope of the space in the pixel well, into which light
is captured, then converted into electrons. The challenge
with current technologies is to balance details in shadow and
highlight areas, particularly to achieve low noise at rela-
tively high ISO speeds.

In addition to the concept of nano-grids, both in surface
screen and integrated embodiments, as specified in (10) to
(11) above, the present system introduces the notion of three
side-by-side differentially-sized buckets within each pixel
intended to optimize dynamic range for increased sensitiv-
ity. In the most common configuration, the three different-
sized buckets are arranged with the largest bucket (in both
width and height) in the center, with the second and third
largest buckets on either side. The buckets are elliptical and
concave in architecture to increase efliciency of fitting
together in a round pixel structure. Their structures are
semi-circular and elongated. The largest and tallest bucket
will be tasked with maintaining the details in highlights, and
the smallest will be tasked with maximizing the details in
shadows, while the mid-sized bucket will be tasked with
maintaining the middle range of exposure details. The pixel
will have data from all three buckets available, but will
select the data from one or more buckets depending on the
exposure details.

The system is analogous to the high fidelity sound tech-
nology in speakers with crossovers, whose several frequen-
cies are used by the tweeters, mid-range(s) and woofers; the
crossover point at which the frequency changes from one
component to another can be modified based on the specific
mechanics of each component.

In the case of the multiple buckets in a single pixel, the
buckets are connected by filaments to a central grid which
captures and stores the electrons. When the photographic
scene displays increased light, image data from the larger
buckets are selected to be recorded by the processor, while
in cases of darkness and increased need for sensitivity, the
smaller buckets are selected to be recorded; the mid-sized
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bucket is used in normal light situations of most cases.
Further, this multi-aspect architecture can use pixels in
varying positions on the sensor differently, particularly to
facilitate processing far more dynamic range and to produce
uniform tonal range in scenes that vary more than two or
three stops. This novel multi-aspect model solves a number
of key problems involving exposure dynamics in digital
photography.

In another embodiment of the system, there may be more
than three buckets in a pixel, so as to divide out the functions
further and create even finer tonal continuity. In a further
embodiment of the system, several pixels in a super-pixel
allow red, green and blue colors to be segregated by each
sub-pixel. This approach will be useful particularly in CCD
semiconductors because of limits of this architecture, which
require coupling circuitry between pixels to pass a charge
between rows of pixels. In this case, outputs will vary
between the micro-pixels to facilitate the differential pro-
cessing required.

While cases of two side-by-side pixels might solve these
exposure latitude problems, they represent an inadequate
solution, much as a speaker with only two components limits
the dynamic range output dramatically in contrast with a
speaker with five components. This is similar to comparing
a diode and a transistor.

(IIT) Digital System Improvements that Link Multiple Digi-
tal Corrections

(14) Auto Pre-Programmed Modules for Specific Functions
in Digital Imaging System

To process the functions specified in this integrated digital
imaging system, it is necessary for automated pre-pro-
grammed modules to detect the specific lens type and the
specific digital sensor(s) used to assess the appropriate
corrections or alterations. The purpose of the pre-pro-
grammed modules is to access a preset library of (a) typical
corrections of lenses, (b) typical scene types with appropri-
ate exposure modes, (c) specific effects that may be selected
and (d) specific sensor functions. It is important to match a
particular lens to a particular sensor type so that adjustments
are calibrated to this pairing. The processing software is
stored in either a microprocessor or an ASIC in order to
process the images after they are captured by the sensor but
before they are transferred to storage on a memory device.

In another embodiment, the system processes image cor-
rections after the digital data is stored and constantly
accesses the original stored data file in the production of a
corrected file. This process allows for immediate data pro-
cessing and storage which affords more time to accomplish
specific corrective functions. There are thus cases when
real-time correctives are neither necessary nor possible.
Such increased processing capability may also facilitate a
more complete corrective task.

In an additional embodiment, because similar correctives
and effects may be provided to images that share the specific
combination of lens and sensor, in order to accelerate the
process of optimizing the images, batches of similar images
may be processed together. This batch processing method
may include the creation of duplicate images for each image
captured, including a RAW image that contains no changes
to the native image capture and a simultaneous auto-cor-
rected image. The optimized image may be simultaneously
compressed, to maximize storage capabilities, while the
RAW image may be left uncompressed so as to maintain
original detail.

(15) Apparatus and Process for Affecting Pre-Sensor Optical
and Digital Corrections in Digital Imaging System
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Given the nature of light transmission, not all optical
corrections are optimized by modification after the image is
captured by the sensor. Though a range of important cor-
rections and effects may be made after image capture, such
as correction for optical or digital aberrations, there are
several types of corrections that are required to be made
before the light reaches the sensor. One example of this
pre-sensor digital correction involves the use of a low-pass
or anti-aliasing filter that resides in front of the digital sensor
to minimize moiré and aliasing digital problems (although
the use of this filter adversely affects image sharpness).

In the case of optical corrections, one class of filter that
requires use before the digital sensor is the polarizing filter,
because once light is captured on the digital sensor, the
polarizing effect will not be available. Another type of
correction that involves use of a filter or lens before the
digital sensor is the close-up filter. This latter solution allows
a lens’s closest focusing plane to be closer to the front of a
lens and has the effect of diminishing the rear plane of the
depth of field. The close-up filter may be optimized for use
with floating rear-element group lenses which allow increas-
ingly close focusing. In one embodiment of the system,
specific pre-sensor optical filters may be used to provide
polarization and close up corrections. The use of in-camera
optical (circular) polarization would help standardize this
valuable process and eliminate the need to maintain several
external polarizer filters for each lens mount.

Since the present system entails an embodiment which
uses nano-grids to perform specific exposure modifications
before the light hits the digital sensor, it is possible to use
these nano-grids for the applications of polarization and
close-up filter. These filtration capabilities occur between
the lens and the digital sensor.

In order to optimize the use of pre-sensor filtration, an
image is initially tested and analyzed before the optimized
corrections are activated and the pre-sensor changes are
made. This process is analogous to the use of automated
flash photography in which a feedback mechanism is pro-
vided; a scene is evaluated, and the initial flash data ana-
lyzed and modified to correspond to the correct exposure
before a final flash is produced.

Because the camera system processes post-capture data,
in order to optimize images for optical and digital problems,
as well as continuously makes changes to pre-sensor filtra-
tion, multiple ASICs work in parallel to make the conversion
of the image after capture. The use of parallel ASICs to
perform specific correction processes solves the problem of
capturing images and making post-capture corrections while
simultaneously adapting the pre-sensor filtration system.

As an alternative embodiment of the system, a micropro-
cessor (and software) may perform specific pre-sensor
adjustments while the ASIC(s) performs specific corrective
functions. In another embodiment, the ASIC(s) may perform
the specific pre-sensor adjustments while a microprocessor
(and software) will perform the specific corrective functions.
(16) Integrated Digital Imaging System for Optical and
Digital Corrections with Feedback Dynamics

Because the present system consists of, and uses, complex
sub-systems, including an auto-focus mechanism, an auto-
exposure mechanism, a shutter mechanism, an automatic
flash mechanism, a digital sensor mechanism, a digital
processing mechanism and a digital storage mechanism, it is
possible to realize interaction dynamics that contain feed-
back. The interactive process of operating these sub-systems
involves a learning progression. The image is analyzed,
solutions are tested and an optimal solution is selected and
implemented, all in real time. By choosing a specific logic
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vector in a decision tree involving an initial variable, the
process begins again with another key variable in real-time
until the final image is captured and optimized.

In order to accomplish these complex processes, specific
variables, such as aperture data, shutter speed data, lens data,
digital sensor data and subject type are registered and
analyzed by the camera. As environmental data changes, the
camera mechanisms adapt to the environmental and the
photographer’s situation.

In order to accelerate these processes, the camera learns
to anticipate the user’s behaviors, the user’s preferences and
the subject’s behaviors. By providing user-adjusted setting
modifications for optical and digital corrections, the camera
establishes a reference point for processing rapid image
changes. In particular, the camera’s software will analyze
trends in the user’s pattern of behaviors and preferences as
well as pattern changes in the subject’s behaviors. Antici-
pation processes are programmed into the autofocus and
automated flash systems because of the extremely rapid
reaction-time requirements of these specific mechanisms.

In one embodiment of the system, a method of processing
a chain of rapid image captures is to employ computer-
caching techniques in which a first image is processed in a
normal way while later images are processed in an acceler-
ated way. This is possible because the first image provides
data to the system to analyze; these data then allow the
system to anticipate further similar images and to use similar
auto-focus and auto-exposure data. The optical and digital
corrections are performed in a batch fashion by applying
similar changes to near-identical image problems in order to
dramatically accelerate the processing speed of a chain of
images. This caching and anticipation approach is very
useful in fast-paced action photography.

Another embodiment of the process of rapidly capturing
a chain of images in sequence employs multi-threading
techniques. Dividing the functions between specific subsys-
tem ASICs allows multiple corrections to be performed in a
parallel cascade for efficient task completion. One advantage
of breaking down functions to specific processors is the
acquired ability to start on one function and, while the
system is in the process of completing a task, to begin other
tasks. This process eliminates the lag between the specific
subsystems.

(17) Adaptive User Pattern Learning with User-Program-
mable Functions in Digital Imaging System

In order to optimize its functions, the camera needs to
learn about the user’s preferences. When the user uses the
camera, the camera evaluates the use patterns. Since the
camera is programmed with a database of common user
patterns, it can identify common uses and anticipate com-
mon uses of similar users by employing a “collaborative
filtering” mechanism (i.e., if you like this camera setting,
you should like this other setting because similar users who
have liked the first setting have also liked the second
setting). By anticipating common uses of each camera user,
the camera optimizes its functions for each use and for each
user. In effect, the camera’s learning of user preferences is
a sort of guided process of experimentation. Evolving algo-
rithms learn about the user from actual use patterns.

One positive effect of this learning process of the camera
about the user’s patterns of behavior is that the filtration
process becomes adaptive. The camera builds an initial map
of the user’s preferences from the user’s actual selections.
From the starting point of common types of personal selec-
tions, the camera uses standard templates of main types of
uses that are fulfilled for each user’s applications. For
instance, if a photographer typically takes portraits with a
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traditional portrait lens, the camera will be aware of this and
will activate filtration processes that are optimal for this type
of portraiture photography, such as instilling limited depth of
field on a subject and out-of-focus foreground and back-
ground. Contrarily, if landscape images are selected, depth
of field will be increased substantially and the lens focused
on either infinity or a medium point depending on the
specific type of subject matter. The camera builds a model
for each user based on the accumulation of experience.

In order for the camera to learn about the preferences of
a specific user, the camera must adjust to each particular
user, much as each individual identity must log onto a
computer network privately.

Since the dynamics of the combined subsystems are
complex, and adaptive, it is necessary that automated adjust-
ments be interactive. Once detection of the lens type, the
sensor type, the exposure settings, the user and the subject
is made, optical and digital distortions are identified and
specific combinations of corrections are applied both before
and after the digital sensor in order to optimize the image.
All of this is accomplished in less time than the blink of an
eye.

(18) Software Privacy Function in Digital Imaging System

Because digital camera systems are able to use software
and wireless mechanisms for their operation, it is possible to
activate aspects of the camera remotely. Conversely, it is
possible to disable operations of the camera remotely.

The present invention embodies a capability to externally
disable the camera remotely in specific locations that require
privacy, such as secret government areas (courthouses),
private homes or businesses that are image-free zones. In
these cases, a signal from an external source is provided to
disable the shutter from firing. This black-out capability will
allow external control of access to specific sites. As a
condition of access, only a camera with this feature may be
admitted to public buildings, so that even if the camera is
permitted to operate, permission is only conditional. For
instance, the owner of the building may allow the camera to
function only in a specific set of rooms but not in others.
Cameras without this feature may not be allowed in private
spaces where control must be externally restricted.

This blocking feature will require the addition of specific
blocking software, which may be automatically downloaded
as one enters specific buildings. Similarly, in order to be
granted permission to access the camera, or specific func-
tions of the camera, the downloading of a “key” may be
required.

Moreover, a further embodiment of the system may make
it necessary to download software keys to get access to
filtration capabilities in the camera in order to obtain opti-
mum images. For example, the user may be required to pay
a fee to download software in real time that will permit her
to access a particular function in the camera to obtain a
critical image. A spectrum of quality and complexity in
filtration capabilities may be made obtainable for a range of
fees on-demand. Therefore, the external downloading of
software for the camera need not be limited to a black out
function.

(IV) Dynamic Digital Imaging System Improvements that
Apply to Zoom Lenses and Video Imaging

(19) Dynamics of Zoom Lens Corrections in Digital Imag-
ing System

Whereas the optical aberrations of prime (fixed focal
length) lenses were discussed above, the modulation of
optical aberrations of zoom lenses is another problem to
consider. As a wholly different species of lens, zoom lenses
have become extremely complex optical mechanisms con-
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sisting of multiple groups of lens elements. The general
problem with zoom lenses is the trade-oft that must be made:
To minimize the distortions of the widest possible focal
length, distortions become maximized at the longest pos-
sible focal length, and vice-versa. Consequently, zoom lens
architecture is inherently compromised on image quality.
Over the years, lens designers have developed lens formulas
that have dramatically improved image quality and that
compete with typical prime lenses. As an example of this
evolution in quality, the class of 70-200 £/2.8 35 mm zoom
lenses, now in their sixth generation, has supplied substan-
tial improvements over earlier telephoto zooms. However, in
general, zoom lenses have more aberrations than mimes and
thus require increased optical corrections. The need to solve
the problem of zoom Jens aberration correction is accentu-
ated by their increased use in photography because of their
simplicity and versatility.

The dynamics of the zooming process present specific
difficulties for the purposes of correcting optical aberrations
in digital imaging systems. With fixed-focal length lenses,
the camera can detect the lens and provide an immediate
consistent modification for a varying range of apertures. In
the case of zooms, however, where the focal-length is not
fixed, the adjustments must correlate to the changes in the
focal length. In effect, this condition presents a continuous
resampling process. When combined with changing scenes,
the zooming process requires far faster responses to chang-
ing inputs by the camera system. This process resembles the
tracking of a kaleidoscope’s changing image structures as
the wheel on the device is constantly turned.

In order to solve the problem of distortion at the wide-
angle part of select zoom lenses, manufacturers have been
using aspherical elements which are complex shapes that
require special production techniques. On the other hand, in
order to solve the problem of chromatic aberration in select
telephoto lenses, manufacturers have used extra low disper-
sion glass elements, particularly at the front of the zoom
lens. Since there are generally three main classes of zoom
lenses—wide-angle to wide-angle, wide-angle to telephoto
and telephoto to telephoto—aspherical elements have been
used in wide-angle zoom lenses, while extra low dispersion
glass has been used in the telephoto zoom lenses and both
kinds of lens elements have been included in the wide-angle
to telephoto zoom lenses.

The changing focal lengths of zoom lenses add a variable
to the complex set of variables of the interacting sub systems
in the digital imaging system. The digital camera system
must therefore track the movement of the changes in the
focal lengths in zoom lenses and continuously make modi-
fications to the varied optical aberrations in these types of
lenses. Unlike in fixed focal length lenses, the aberrations
change at different focal lengths in zoom lenses, and the
camera must track these changes.

The present system is designed to make the corrections to
these changing aberrations in zoom lenses by noting the
changed focal length at specific times of each lens. For a
fixed focal length lens, the camera refers to a database of
information to provide information to correct specific types
of aberrations; for a zoom lens, the camera’s database
contains multiplex information for each focal length in each
respective zoom lens type. This is as if each zoom lens
contains a combination of multiple lenses of specific focal
lengths. When the zoom is moved to a new focal position,
the camera reads the lens as a specific focal length and
makes corrections to aberrations based on this specific
setting. Although the camera reads the zoom lens at a
specific moment in time and adjusts the necessary modifi-
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cations to correct for aberrations at that specific focal length
at that time, overall the zoom lens requires the camera to
rapidly make these adjustments.

Since zoom lenses employ dynamic processes of change,
it is possible to track a moving subject in real-time by
changing focal length from a stationary vantage. These
changed focal length positions are tracked by the auto-focus
system, but also by the auto-exposure system in the camera.
The present system thus allows for zoom tracking in order
to anticipate the direction of zoom lens changes, much as the
focus on the moving subject involves focus tracking mecha-
nisms. These systems use fuzzy logic and evolutionary
algorithms to anticipate the movement of the subject and
thus of the focal length change of zoom lens. In this way it
is possible to accelerate the lens aberration correction pro-
cess using zoom lenses.

Because the zoom lenses typically increase aberrations
precisely because of the lens design compromises, these
types of lenses are ideally suited to the present digital
imaging system. The present system allows the zoom lens to
be used at high quality without needing to stop down the
aperture, thereby resulting in superior photographic oppor-
tunities.

(20) Dynamic Changes in Video Corrections of Digital
Imaging System

While the zoom lens presents the need to provide a
dynamic solution to the process of making corrections to
optical aberrations, video photography provides another
case of a process that requires dynamic solutions. The same
principles that apply to still photography apply to video;
auto-focus variability, aperture and depth-of-field variability
aspects, shutter speed variability aspects, differences in lens
focal length and artificial lighting variability suggest that
video be viewed as merely a very rapid (30 to 60 frames per
second) application of still photography. Nonetheless, video
presents new classes of dynamic problems, most notably
regarding the matter of tracking changing subjects in real
time.

The process of shifting subject positions, even if the
camera is stationary, presents a change of multiple variables
that require the automated subsystems (auto-focus, auto-
exposure, auto-flash, etc.) to be integrated. Feedback is
presented by subjects in the external environment with
changing focus and exposure variables. In these cases, even
with a modulating shutter speed, the three main variables of
change are a zoom lens to continuously change the focal
length, auto-focus to track a subject and aperture modifica-
tions to continuously change depth-of-field.

The unique dynamics of these complex sub-systems pres-
ents particular challenges for a digital imaging system to
produce rapid results with the use of advanced ASICs and
microprocessors. By incorporating techniques that track
objects with advanced auto-focus mechanisms, anticipate
zoom lens changes and predict optimal exposures as well as
make automatic corrections to both optical and digital
aberrations in real time, the present system continuously
optimizes the video imaging process.

(21) “Stationary-Scene Object-Motion” Caching Process,
with Application to Video, in Digital Imaging System

Because video imaging processes employ full motion
activity, particularly of subjects in the environment, tracking
a subject in a video system is problematic. Once a subject is
identified and selected, the subject is automatically tracked
with auto-focus and auto-exposure mechanisms by a zoom
lens apparatus. There is a particular need to identify and
track a subject within a broad stationary scene.
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The present system accomplishes this task by using
anticipatory object-trajectory tracking. The parts of the
stationary scene that are not being tracked are cached. In
other words, precisely because the background of the scene
is stationary, this part of the scene is not tracked for focus or
exposure. On the other hand, the object in motion is iden-
tified and tracked by subtracting the extraneous data of the
stationary scene. Multiple objects are tracked by comparing
data about these combinations of objects and their relations
and determining the appropriate exposure and focus settings.

While Monte Carlo processes use random settings to
self-organize an initial map, which are useful as a baseline
for the purpose of anticipating tracking data sets, the present
system subtracts the known information about the specific
object(s) being tracked from the stationary background in
the environment. In other words, the background data is
“blanked out” in a caching process while the main subject(s)
are tracked. By so using these techniques, the camera system
can efficiently calculate the modifications needed to opti-
mize the video scene.

In a further embodiment of the system, a chip-set is
enabled in video display devices (i.e., video monitors) to
implement select corrections for optical and digital distor-
tions. The user may modify settings for automating the
process of achieving optimum video images.

(V) Digital Image Networking
(22) Network Coordination of Fixed Sensor Grid to Track
Multiple Objects in Digital Video Imaging System

While the previous discussion has focused on employing
a single camera to capture images, the present system is also
useful for networking sensors in a sensor grid in order to
track multiple objects. Specifically, the present system may
be used in surveillance and reconnaissance situations to
track objects over time. Using a grid of image sensors with
overlapping range parameters makes it possible to organize
a complex network of sensors for surveillance activities.

After selecting specific objects to track, the system fol-
lows the objects as they move from location to location,
appropriately modulating the focus, the lens focal length, the
ISO and the exposure settings. As the subject moves from
one section of a grid to another, the sensors are coordinated
to “hand off” the object to other sensors on the grid, much
like a cellular phone network hands off calls between cells.

In another embodiment of the present system, the cameras
in the network may be mobile instead of stationary in a fixed
sensor grid. In this case, self-organizing aspects of the
mobile sensor grid track mobile objects in real time. One
application of this complex system, which draws on earlier
work in collective robotics, is in cinematography, which
requires multiple transportable perspectives of mobile sub-
jects. The complex dynamics of a mobile sensor network
provides complex feedback in this manifestation of the
present system.

(23) Automatic Wireless Off-Porting of Back-Up Images to
External Data Bank

Because the present system uses digital files, it is possible
to move these files to an external site for storage. The present
system has capabilities to off-port images to an external data
bank automatically. This feature is valuable in order to
preserve on-board storage capability.

Whether implemented in a local area network (LAN) or a
wide area network (WAN), by using a built-in wireless
router, the present digital imaging system may be set to send
data files directly and automatically to hard-chive storage
either in a device in the same room or uploaded to the
Internet for storage around the world. This capability is
critical for managing massive files of large sensor data sets
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and preserving valuable in-camera storage space. When
automatically sending data files to a nearby computer, the
computer may act as a data-port relay to automatically
resend the images to an Internet site for storage. The system
will maintain the option of keeping some images in the
camera and sending duplicate copies of digital files of
images to another site for storage as a backup. This auto-
matic back-up process provides insurance for the photogra-
pher.

In another embodiment of the system, just as image files
are off-loaded to external storage, software files are periodi-
cally downloaded to the camera in order to update the
camera settings and the database system. For example, as the
camera manufacturer provides new lenses for the camera, it
becomes necessary to load new updated settings to accom-
modate corrections for the new lenses. Similarly, as the
camera requires new software updates with improved algo-
rithms to further optimize the corrective functions of both
the optical and digital mechanisms, the camera will auto-
matically accept these. This feature is particularly important
to both manufacturer and user because the ability to update
software capability periodically will protect a user from
needing to upgrade major hardware such as with a lens
replacement.

(24) Image Organization System

The present digital imaging system does not merely allow
for the storage of image data files on external storage.
Because of the problems of protecting storage and the need
to make multiple back-ups in the digital sphere, it is also
necessary to store digital image files in multiple database
locations. The images are organized in a main database by
various criteria, such as time, location, subject-type, etc.,
and then rerouted to various locations around the world for
safe storage. While specific sets of images may be stored
together, the need to identify the locations is less important
than the need to have control of the main database list which
identifies the locations.

In order to maintain security, the digital imaging files may
periodically be rotated randomly between locations. Only
the main database list, which is constantly updated, main-
tains information on their location. In fact, specific digital
bits of a single image may be maintained at different
locations in order to maintain further security. Thus, on
many computers around the world bits of each image may be
stored, and continuously rotated, with constantly updated
registries maintaining their complex hybrid whereabouts.
These rotation storage functions are performed by a ran-
domizer logic engine.

In a further embodiment of the present system, once the
digital files are off-loaded from the camera system to exter-
nal storage, specific images may be automatically identified
and further specific corrections automatically provided.

In yet another embodiment of the system, the images that
are off-loaded from the camera to the external storage
system are organized according to various criteria, such as
accuracy of focus or exposure or quality of image type, in
order to be automatically prioritized. The camera, with the
assistance of an initial setting of user priorities, will auto-
matically order new images with a higher or lower priority
relative to other images and camera settings. Thus, at the end
of a day, the images may be displayed in an order preferred
by the user. Lesser images will be automatically routed to a
lower position as they do not meet specific criteria, and
better images will be routed to a relatively higher position in
the organization of files. This feature of automatically assist-
ing in the organization of the digital image files is a very
useful one which will save photographers time.
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(25) Wireless Digital Image System Automatically Gener-
ating Prints from Image Capture

The present digital imaging system not only automatically
off-loads digital image files to remote locations for storage;
the system also will allow one to photograph an image (or
sequence of images) in one location (i.e., Paris) and instantly
print it in another location (i.e., Los Angeles) for publication
in real time. In addition, an image may be captured by the
camera and instantly uploaded to a pre-programmed Web
site for publication by using wireless technologies. In addi-
tion, it is possible to automatically print the digital image file
anywhere in the world virtually the moment the image is
taken. This system makes this instantaneity particularly
possible precisely because the image corrections are auto-
mated in-camera. Since there is no need in most cases to
further edit the image files, they are thus generally ready for
immediate release.

General Architecture and Dynamics

FIG. 1 illustrates the overall structure of the system.
Object data (100) in the domain of objects being photo-
graphed by the camera constantly change. In some cases, the
lighting changes, while in other cases, the positions of the
objects change. At 120 the flash will artificially light the
objects. Flashes may be either on the camera or remote from
the camera. A camera sensor (130) will detect external data
changes. An optical lens (110) feeds analogue imaging data
to the digital sensor(s) (175 and 180). In some cases, a
mirror (170) will swivel in order to directly input imaging
data to the digital sensor after the shutter (150) is tired. In
some cases, a filter (160) stands between the lens and the
digital sensor(s). A digital signal processor (DSP) (195) is
connected to at least one sensor (A or B). A database (190)
is connected to at least one sensor (A or B) as well. The
digital sensors are connected to an ASIC (195) and/or a
microprocessor (193) in order to process the image and
control the camera. The digital image data is passed from the
digital sensor to either the ASIC or microprocessor and then
stored in memory (197). The presence or absence of specific
elements of this mechanism is not required for the correct
functioning of this system. Consequently, a number of the
drawings contained herein will focus only on specific sub-
assemblies of the overall digital imaging system mechanism.

The present invention is intended to operate with a
spectrum of camera types. These camera categories include
digital still cameras without a mirror mechanism or without
an optical interface. The present system applies to cameras
with single lens reflex mechanisms. In addition, the present
system applies to video cameras, both with or without mirror
mechanisms, including camcorders. Finally, many of the
functions disclosed in the present system are integrated into
specific imaging sensors. The system applies to image
sensors that are integrated with complex system functions,
including those described herein, with “system on a chip”
(SoC) capabilities in a single microelectronic integrated
circuit. The invention also applies to networks of sensors,
networks of cameras or integrated networks of both sensors
and cameras.

FIG. 2 describes digital image signal processing. After an
analog signal (200) is captured, it is converted to a digital
signal by an analog-to-digital converter (210). The signal is
then forwarded to the digital signal processor (220) and
filtered (230). The digital signal is then stored in memory
(240).

In FIG. 3, the correction to the optical vignetting problem
is shown. In vignetting, the lens (300) makes the edges of the
image significantly darker as the light falls off, a phenom-
enon particularly prominent on wide angle lenses. As rep-
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resented here, the concentric circles of filtration correction
are darker in the middle (310) of the image in order to
counteract the vignetting effect. The overall image aperture
is reduced from one half to two stops in order to compensate
for the maximum light fall off depending on the amount of
vignetting effect from each lens type.

FIG. 4 shows a list of several different wide angle lenses
in a database. In the 35 mm domain, the 114 mm (400), 20
mm (410), 24 mm (420), 28 mm (430) and 35 mm (440)
lenses, each with f72.8 apertures are listed in the database.
Each lens type presents a distinct formulation involving
different sets of optical data that require different aberration
corrections.

The digital corrective process is described in FIG. 5. After
a specific lens type is identified (500) and a database is
referenced (510), the lens type is matched with the specific
optical aberrations (520). The digital filter then applies a
correction to specific optical aberrations (530). As an
example, the vignetting effect is corrected by gradually
darkening the center of the image in concentric rings (540).

FIG. 6 shows the database configuration of several dif-
ferent types of 24 mm f72.8 lenses (600 to 630) with
different optical configurations. Each lens type has a differ-
ent set of manifestations of optical aberrations including
vignetting (640), spherical aberration (650), pin cushion
distortion (660), barrel distortion (670) and comatic aberra-
tion (680). For each lens, there will be a unique combination
of optical aberrations compared to each lens type from
different optical configurations. The database is accessed to
provide the multi-objective optimization solution for cor-
recting several different optical aberrations for each specific
lens formula.

In FIG. 7, after a camera captures an image (700) and uses
a digital sensor to create a digital file (710), the digital file
is forwarded to the digital signal processor semiconductor
(720). The DSP applies the filtration (730) to correct the
optical aberrations from the lenses. The revised digital file is
then sent to storage (740).

Digital filtration is performed by employing the DSP
hardware as well as specific software in order to attain
specific aberration corrections. In an optical filter, which
typically sits at the front of a lens and performs a single
function of modifying the optical characteristics of the lens,
the electronic filter will process the image after it is con-
verted from an analogue representation to a digital signal.
Common digital filters include a low pass filter or anti-
aliasing filter. In most cases digital imaging filtration is a
discrete time application and is processed in a time-signal
sequence.

One example of a digital filtration process is a fast Fourier
transform (FFT). The digital signal is modified by applying
an algorithm to extract the frequency spectrum. The original
function is then reconstructed by an inverse transformation
of the original signal. The signal can be manipulated to
perform various conversions. This process is used to sharpen
or soften an image. For instance, by differentiating the
frequency spectrum, the high frequency can be emphasized
by limiting the low frequency, as in a high pass filter. Digital
filtration is typically performed by the DSP after the image
is captured and before the image file is stored. However, in
the present system, there is some filtration before the digital
sensor that captures the image as well as some filtration
processing after the sensor sends the file to the DSP.

In order to accelerate the filtration process, the digital file
will be broken into parts, with each part processed simul-
taneously. Filtering a one-dimensional image will treat data
from each column of a digital sensor separately. When the
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data is treated like a two dimensional image, the data file
may be treated with different techniques. For instance,
different quadrants of the image may be analyzed and
filtered separately. In addition, the highlights and the shad-
ows in the varied frequency range may be analyzed and
filtered separately as well. Similarly, a two dimensional
image file may be analyzed by starting in a corner and
working in each contiguous quadrant in a circular (clock-
wise or counterclockwise) order. Further, the filtration pro-
cess may begin in the corners and work inwards or begin in
the center of the image and work outwards. For instance, in
wide angle lens filtration to correct optical aberrations, the
outer edges will be the most prominent distortions that will
require the most corrections; therefore, the filtration process
will work by starting on the corners first.

The present invention also addresses the multi-functional
corrections in an image by applying multiple simultaneous
techniques. This is done either by performing a sequential
filtration process or a simultaneous filtration process. In
either case, the image is re-filtered to make more than one
pass in order to correct different types of aberrations.

Different types of aberrations require different types of
filtration. In the case of pin cushion distortion and barrel
distortion, which are inverse appearing aberrations, the
filtration process will adjust the edges of affected digital files
captured with wide-angle lenses. The optimized images will
be accessed by the database and compared to the actual
image files. The filtration will be applied to each image file
to closely correct the distortions bit by bit. In effect, the
corrected digital images will be reverse engineered to dis-
cover the unique distortions as they establish a pattern by
comparing the input digital images and the database of
optimized images. The digital image correction will be
applied once the aberration is assessed.

Each lens provides data to the camera microprocessor and
DSP about its unique characteristics. The lens is pre-pro-
grammed with aberration data pertaining to that lens type
and even to each particular lens (ascertained through a
testing process). The lens then provides this specific data to
the camera for processing of optical aberrations. In one
additional embodiment, the lens will also contain software
to correct its aberrations that will also be sent to the camera
processors in order to be applied to specific digital file
filtration. As information and techniques are made available,
new software to ascertain and correct each lens’s unique
optical aberrations will be forwarded to the camera and
stored in the lens, thereby providing an upgrade path to
continuously improve the optical qualities of lenses by
employing a sort of after-manufacture digital correction.

FIG. 8 shows the process of selecting filtration settings.
After the user selects the specific filtration settings (800), the
user marks the specific filtration setting and accepts the
setting (810). The user may continue to select multiple
settings. When the user has selected all preferences (820)
and accepts the settings the user returns to the main menu.

In FIG. 9 varied depth of field optimization at different
apertures is described. In the first drawing, the object (930)
has a depth of field (940) that has a broad range of clarity
around the object. The camera (900) evaluates the distance
data (920) and the object to establish an optimal depth of
field range between /8 and {/11. In the second drawing, the
object (980) has a narrower depth of field range (990) based
on distance data (970) and object data from the camera (950)
to determine an optimal depth of field range between /2.8
and 1/5.6. The camera’s automatic alteration of the aperture
to narrow the depth of field is based on a range of factors,
including the focus on the object, the object’s motion, the
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distance to the camera, shutter speed constraints and the
light on the object. Modulating aperture automatically in the
camera provides a blurring of the background and the
foreground so that the object can stand out without distrac-
tion.

Exposure optimization using digital correction is shown
in FIG. 10. After the camera assesses an object’s distance
from the camera (1000) and identifies the optimal aperture
of the image to maximize the dynamic range (1010), the
aperture is either increased (1020) or decreased (1030) and
the correction applied (1040).

In-camera special effects filtration is illustrated in FIG. 11.
Once the image exposure is assessed by using the camera
exposure meter (1100), the camera corrects the image by
either underexposing the image by one third stops to one
stop if the image is overexposed (1110) or overexposing the
image by one third stops to one stop if the image is
underexposed (1120). The camera finally takes a picture and
stores the image (1130).

FIG. 12 shows the selective in-camera filtration of spe-
cific objects. After the camera identifies specific objects
(1200), the camera assesses distance to the objects (1210).
This is done by sending out an infrared light signal, bounc-
ing it off the object, and measuring the distance data from the
camera to the object. The camera isolates the objects on a
one-dimensional Euclidian plane (1220) and then selects the
optimum aperture to isolate objects and to blur the back-
ground and foreground (1230). The camera tracks the
motion of objects (1240) and activates a digital sensor
(1250) thereby capturing the image. The image data is sent
to a post-sensor processor (1260) where the camera applies
specific filtration only to the designated objects (1265) and
stores the file in memory (1270). Alternatively, the camera
will apply specific filtration only to the background (not to
the objects) (1275) and then stores the file in memory
(1280). The effect of only applying filtration to an object or
to its background is to isolate the subject. The type and
degree of special effects, which are selected by user-adjust-
able in-camera software, will be determined by the user’s
palate of filtration choices.

Image exposure adjustment using in-camera filtration is
described in FIG. 1.3. Once the camera assesses a two stop
difference in parts of the image (1300), the camera’s micro-
processor accesses the database of similar scenes (1310) and
then selects the optimal metering for the image and the user
activates the digital sensor (1320), capturing an image. The
camera provides the filtration to part of the image by
adjusting the exposure in the processor (1330) and then
stores the image (1340). In scenes such as sky on top, a
neutral density filter is often required to remove the two stop
difference between the bright top of the image and the darker
bottom of the image. By reducing the brightness at the top,
the exposure is evened out. By using the present system, this
process is accomplished in the camera.

In-camera special effects filtration is described in FIG. 14.
After a user selects a special effects filtration technique
(1400), the camera assesses image meta-data (1410), ana-
lyzes image data (1420) and the user captures the image
(1430). The camera’s post-capture processor applies special
effects filtration technique to part of the image (1440) and
the camera stores the image in memory (1450).

Digital correction for sensor dust is described in FIG. 15.
The pattern of dust on the pixels of a digital sensor (1500)
is assessed. The specific pixels that are obscured by the dust
are identified (1510) and a map is built of a digital sensor
pixel frame by comparing information from at least two
image samples to identify obscured pixels (1520) and the
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camera takes an image (1530). Information from pixels that
are adjacent to dust-affected pixels are used to interpolate
data on affected pixels (1540) and image data is processed
and stored in memory (1550).

FIG. 16 shows an ASIC array in a digital imaging system.
Once the digital sensor (1620) captures an image, the digital
file is sent to multiple application specific integrated circuits
(1630, 1640, 1650 and 1660) for processing of several
digital signals simultaneously. In one embodiment of the
invention, each ASIC corrects a single optical aberration. In
another embodiment, the ASICs will divide the digital file
and perform specific functions on parts of the image file and
reunite the file before storing the completed image in
memory (1670).

In FIG. 17, the camera is illustrated with multiple inter-
changeable digital sensors. The CCD (1720) is shown in the
forward position capturing the digital image in this drawing.
However, the CMOS (1730) digital imaging sensor may
swivel around (1740) to replace the position of the CCD in
order to be used to capture the image. The image is then
processed (1750) and stored in memory (1760). The advan-
tages of interchanging the digital sensors are to have the
opportunity to benefit from the strengths of each sensor type
without sacrificing the weaknesses of either. In some cases,
the scene will be optimized for the exposure range of a
CMOS digital sensor, while at other times, the scene will be
optimized for the detail of the CCD.

In FIG. 18, the nano-grid (1820) appears in front of the
digital sensor (1830). The lens will send analog image data
to the sensor through the nano-grid. Once the digital data
from the sensor is processed (1840) it is sent to memory
(1850). FIG. 19 shows a nano-grid (1900). Nanofilaments
are shown at 1920. The modulation effects of the nanofila-
ments are shown at 1910. Nanofilaments will change their
position in order to allow more or less light through the
system. Nano-grids fit before, or in some cases, adjacent to
and on top of the digital sensor. Nano-grids behave as
adjustable screens and may be used to polarize light between
the lens and the digital sensor. Nano-grids are activated by
electrical charge pulses sent to nanofilaments.

In FIG. 20, the feedback loop connecting the processor
and the nano-grid is shown. Analog optical data passes
through the nano-grid (2020) to the digital sensor (2030) to
the processor (DSP) (2040). A feedback loop (2050) is
created by analyzing the data at the processor and modulat-
ing the performance of the nano-grid. For example, the
image may be very bright initially, but the DSP will require
that the image needs to be darker in order to be properly
exposed. In this case, it will activate the nano-grid to
modulate its grid structure in order to darken the image so
as to let less light through the filaments by adjusting the
filament structure. Once properly exposed, the camera will
capture a digital image and send the file to memory (2060)
for storage.

In FIG. 21, a tri-pixel architecture is described. The large
(deeper) oval bucket in the center (2110) will capture
highlight exposure, the medium sized oval bucket at the tight
(2120) will capture a normal exposure range and the small
(shallower) oval bucket at the left (2130) will capture the
shadow exposure range. These three separate wells are
contained within each pixel. In most cases, a pixel well is
like a bucket, capturing light data and passing the data sets
to the digital processor. By splitting the exposure range into
three distinct wells within each pixel, the data is more
accurately captured and organized in order to accommodate
the broader range of exposure data. This system will be able
to increase the range of digital imaging up to four stops,
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from the typical two stops. By maximizing the range of
exposure data, the image collection will display more tonal
range that is more associated with films’ broader exposure
range.

FIG. 22 shows the pre-programmed module for in-camera
functionality. After the camera detects the lens type and the
sensor type (2200), the camera focuses on an object (2210)
and the processor accesses the library of scene and filter
types (2220). The user pre-selects specific in-camera modi-
fications (2230) and activates the camera to capture an
image (2240). The processor makes filtration adjustments
after the sensor takes the image (2250) and the image file is
stored (2260) in memory.

Much like the nano-grid that is present before the digital
image sensor, the pre-sensor modification to an image is
shown in FIG. 23. An optical filter (2320) such as a polarizer
filter is shown in a position between the lens and the digital
sensor (2340). The image is captured and the optical filter is
activated by the processor (2350), which determines
whether to activate the filter after analyzing a particular
scene. Other filtration (2330), such as the use of the nano-
grid, is also interchangeable with the optical filter in a
position before the digital sensor. In another embodiment of
the present invention, the filter assembly is sequential, with
both, or multiple, filters being activated in order so as to
obtain the maximum filtration effect. The DSP will compute
the optimal combination of filtration resources based on the
available resources in the camera. In another embodiment,
the optical filter assembly will fit out of the line of sight
between the lens and the digital sensor and will be activated
by the DSP on-demand to swing into the optical image path
much like a mirror mechanism.

FIG. 24 shows the integration of optical and digital
corrections with feedback. Once the camera meters a scene
(2400), the camera auto-focuses and obtains distance data to
the object (2410), analyzes the lens data, the aperture data
and the shutter speed data and accesses the library of images
(2420). The camera assesses the optical aberrations (2430),
activates the digital filters to correct aberrations (2440) and
takes the picture (2450). The camera analyzes the image and
optimizes the image using the processor (2460). This is
performed by comparing the image data to the library of
images and assessing the needed filtration required to opti-
mize the image. The image is then stored in memory (2470).

The interactive feedback mechanism of integrated correc-
tion is described in FIG. 25. After an analysis of the initial
image (2500), the identification of optical aberrations (2510)
is made. The camera’s database is accessed to retrieve the
corrections (2520) and the interactive feedback mechanism
is activated (2530). Corrections to filters are applied before
the sensor captures the next image (2540). In addition,
correction to the image signal via the DSP is made after the
sensor data is captured (2550) and the image is stored in
memory (2560).

The adaptive user pattern learning process is shown as
images are processed in FIG. 26. A batch of images (2600,
2610, 2620 and 2630) is shown. The first image is processed
(2640) and data from image 1 is analyzed and metadata is
mapped (2650). Image 2 is then analyzed and its metadata
is compared to the image 1 metadata (2660). Similar meta-
data in images 1 and 2 programmed in the processor (2670)
and image 2 is rapidly processed by using similar metadata
from image 1 (2680). Images 3 and 4 are analyzed and their
metadata are compared to image 1 and rapidly processed
(2690).

In FIG. 27, the feedback process of filtering images is
shown. After the camera analyzes the user behaviors, user
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preferences and subject behaviors (2700), the camera’s
processor analyzes trends in the pattern of user behavior and
preferences and creates a map (2710). The camera’s pro-
cessor anticipates the user behavior and subject behavior
(2720) by applying evolutionary computation and fuzzy
logic algorithms. The camera’s processor then applies a
collaborative filtering process to a new image (2730) and the
user takes and optimizes the image (2740).

FIG. 28 shows a software privacy function in a digital
imaging system. The camera automatically downloads soft-
ware as it enters a building or specified area (2800). The
camera’s features are deactivated in specific locations by the
software (2810) while allowing the camera to perform
specific camera functions by accessing software keys
(2820). The camera then performs specific functions (2830)
that are available in the restricted area while other specific
functions are disabled (2850).

In FIG. 29, the dynamics of zoom lens corrections are
described. After a lens detects a zoom lens type (2900), the
camera detects a particular focal length setting of the zoom
lens (2910) and accesses a data library in the database to
modify aberrations to optimize the zoom lens at a specific
focal setting (2920). The camera applies a correction to a
lens setting (2930) and continuously tracks the lens changes
in the lens focal length (2940). The camera then applies the
changed corrections to the changed focal lengths in the
zoom lens (2950) and analyzes patterns of the user and
subject behaviors (2960). Using fuzzy logic and evolution-
ary computation, the camera anticipates behaviors and rap-
idly optimizes image corrections by applying digital filtra-
tion (2970).

FIG. 30 shows object tracking in the dynamic changes of
video corrections. An object moves from position 1 (3010)
to position 6 (3060) in sequence. The camera (3000) is
stationary, yet it records the object’s motion as it is moving
within the field of vision.

In FIG. 31, object tracking is described. Once the camera
tracks an object with auto-focus mechanisms and supplies
distance information (3100), it tracks the user’s zoom lens
use patterns, anticipates the focal length changes (3110) and,
using evolutionary computation and fuzzy logic algorithms,
predicts optimal exposures (3120) and captures images in
real time, continuously tracking the object (3130).

FIG. 32 shows the caching process of a moving object in
a stationary scene. After the main objects are tracked by the
camera (3200), the background of a stationary scene is
cached in the camera (3210). The camera subtracts the data
about objects from the background of the scene (3220). The
background scene is then “blanked out” and cached in
memory (3230) and the main objects are optimized by
applying digital filters.

FIG. 33 describes the network coordination of a fixed
sensor grid tracking multiple objects. The object in motion
is represented in positions A through D (3370, 3380, 3390
and 3395). The fixed sensors are at positions 1-6 (3300,
3310, 3320, 3330, 3340 and 3350). The image data is fed
remotely into the central imager (3360). The sensors track
the object by taking image data at each fixed sensor position
in the network. As the object moves through the field of the
network, each sensor records the object.

In FIG. 34, wireless communication features of the digital
imaging system are described. The camera (3400) sends
digital image data files wirelessly to a computer (3410).
Files are also uploaded from the camera to the Internet in
accessible locations (3450), while software files are down-
loaded from the Internet to the camera, both automatically
and through manual intervention. Files are automatically
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downloaded if the user sets the camera to receive automated
software updates. One advantage of loading files automati-
cally to the Internet is that the images are then automatically
published (3460) at a remote location, or locations, for
viewing.

FIG. 35 describes an image organization system. After
images are captured by the camera (3500), the image files
are organized according to metadata in an external computer
database (3510). The image files are then sorted by category
and sent to the database of a distributed network (3520) for
off-site storage.

Reference to the remaining portions of the specification,
including the drawings and claims, will realize other features
and advantages of the present invention. Further features
and advantages of the present invention, as well as the
structure and operation of various embodiments of the
present invention, are described in detail below with respect
to accompanying drawings.

It is understood that the examples and embodiments
described herein are for illustrative purposes only and that
various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by refer-
ence for all purposes in their entirety.

What is claimed is:

1. A method of processing one or more images with a
digital camera, comprising:

digitally processing at least one captured image, the

processing using in-camera hardware and software that

is configured to:

perform a plurality of image correction algorithms,

process image correction data stored in a database
system,

receive updated software and image correction data,
and

upgrade the digital camera with the updated software
and image correction data;

storing in memory one or more corrected images resulting

from digitally processing the at least one captured
image; and

wirelessly transmitting at least one of the one or more

corrected images,

wherein the in-camera software and database system are
upgradable to provide improved algorithms and cor-
rection data for correction of images.

2. The method of claim 1, wherein the digitally processing

at least one captured image further comprises:

electronically reading stored user-adjustable variables;
and

processing image corrections using the user-adjustable
variables.

3. The method of claim 2, wherein the
variables include an aperture setting.

4. The method of claim 2, wherein the
variables include lens data.

5. The method of claim 2, wherein the
variables include shutter speed settings.

6. The method of claim 2, wherein the
variables include ISO settings.

7. The method of claim 2, wherein the
variables include subject type.

8. The method of claim 2, wherein the
variables include tonal range corrections.

9. The method of claim 2, wherein the
variables include filter settings.

user-adjustable
user-adjustable
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10. The method of claim 2, wherein the user-adjustable
variables include special effects.

11. The method of claim 1, wherein the digitally process-
ing the at least one captured image for image correction
further comprises adjusting a depth of field of an image.

12. The method of claim 1, further comprising adjusting
a depth of field of an image after capture of the image using
the in-camera software.

13. The method of claim 1, wherein the in-camera soft-
ware processes image corrections based on one or more
prior image corrections.

14. The method of claim 1, further comprising changing
a variable based on an auto-focus process performed by the
camera and electronically storing that changed variable.

15. The method of claim 1, further comprising changing
a variable based on an auto-exposure process performed by
the camera and electronically storing that changed variable.

16. The method of claim 1, further comprising changing
a variable based on a depth of field adjustment process
performed by the camera and electronically storing that
changed camera variable.

17. The method of claim 14, further comprising digitally
processing the at least one captured image using the in-
camera software to correct at least one optical image aber-
ration associated with an optical system and the changed
camera variable.

18. The method of claim 15, further comprising digitally
processing the at least one image using the in-camera
software to correct at least one optical image aberration
associated with an optical system and the changed camera
variable.

19. The method of claim 16, further comprising digitally
processing the at least one image using the in-camera
software to correct at least one optical image aberration and
the changed camera variable.

20. The method of claim 1, wherein the wirelessly trans-
mitting images includes automatically transmitting the at
least one of the one or more corrected images.

21. The method of claim 1, wherein the image processing
algorithms include a fast Fourier transform.

22. A method of displaying one or more images captured
by a digital camera on an external monitor, comprising:

digitally processing at least one captured image to pro-

duce one or more corrected image, the processing using

in-camera hardware and software that is configured to:

perform a plurality of image correction algorithms,

process image correction data stored in a database
system,

store updated software or image correction data or
both, and

upgrade the digital camera with the updated software or
image correction data or both; and

wirelessly transmitting at least one of the one or more

corrected images in a format that the external monitor
can receive,

wherein the in-camera software and database system are

upgradable to provide improved algorithms and cor-
rection data for correction of images.

23. The method of claim 22, wherein the digitally pro-
cessing at least one captured image further comprises:

electronically reading stored user-adjustable variables;

and

processing image corrections using the user-adjustable

variables.

24. The method of claim 22, wherein the user-adjustable
variables include aperture settings, lens data, shutter speed
settings, and ISO settings.
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25. The method of claim 22, wherein the digitally pro-
cessing the at least one captured image for image correction
further comprises adjusting a depth of field of an image.

26. The method of claim 22, further comprising adjusting
a depth of field of an image after capture of the image using 5
the in-camera software.

27. The method of claim 22, wherein the in-camera
software processes image corrections based on one or more
prior image corrections.

28. The method of claim 1, further comprising: 10

detecting dust on the digital image sensor; and

digitally correcting for dust on a digital image sensor of

the digital camera.

29. The method of claim 1, further comprising:

correcting for a dead pixel on a digital image sensor of the 15

digital camera.

30. The method of claim 1; further comprising:

digitally processing a plurality of images to correct video

taken by the digital camera; and

storing a plurality of corrected images. 20
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