
IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF TEXAS 

TYLER DIVISION 

§ 
§ 
§ 

VSTREAM TECHNOLOGIES, LLC, § 

Plaintiff, 
v. 

LG ELECTRONICS, INC.; LG 
ELECTRONICS U.S.A., INC.; LG 
ELECTRONICS MOBILECOMM 
U.S.A., INC. 

§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

NOKIA CORPORATION; NOKIA, ~ 
INC. 

§ 
SONY CORPORATION; SONY § 
CORPORATION OF AMERICA; § 
SONY ELECTRONICS, INC.; SONY § 
PICTURES ENTERTAINMENT, INC.§ 

SAMSUNG ELECTRONICS CO., 
LTD.; SAMSUNG ELECTRONICS 
AMERICA, INC.; 

PANTECH CO. LTD; PANTECH 
WIRELESS, INC.; AND 

ZTE CORPORATION; ZTE (USA), 
INC. 

Defendants. 

§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 
§ 

Case No.: 

COMPLAINT 

JURY TRIAL DEMANDED 

PLAINTIFF'S ORIGINAL COMPLAINT 

Plaintiff VStream Technologies, LLC ("Plaintiff' or "VStream"), by and through 

its counsel, files this Original Complaint against Defendants LG Electronics, Inc., LG 
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Electronics U.S.A., Inc., and LG MobileComm U.S.A., Inc.; Nokia Corporation and 

Nokia, Inc.; Sony Corporation, Sony Corporation of America, Sony Electronics, Inc., and 

Sony Pictures Entertainment, Inc.; Samsung Electronics Co., Ltd. and Samsung 

Electronics America, Inc.; Pantech Co., Ltd. and Pantech Wireless, Inc.; and ZTE 

Corporation and ZTE (USA), Inc. (collectively, "Defendants") as follows: 

NATURE OF THE ACTION 

1. This lawsuit pertains to the Defendants' infringement of each of the 

following U.S. Patents: (1) U.S. Patent No. 6,690, 731 titled "Method and Apparatus for 

Diagonal Processing of Video Data" (the "'731 Patent"); (2) U.S. Patent No. 8,179,971 

titled "Method and Apparatus for Video Data Compression" (the "'971 Patent"); (3) U.S. 

Patent No. 6,850,647 titled "System, Method, and Article of Manufacture for 

Decompressing Digital Camera Sensor Data" (the "'647 Patent); (4) U.S. Patent No. 

7,627,183 titled "System, Method, and Article of Manufacture for Decompressing Digital 

Camera Sensor Data" (the "' 183 Patent"); and (5) U.S. Patent No. 7,489,824 titled 

"System, Method, and Article of Manufacture for Decompressing Digital Camera Sensor 

Data" (the '"824 Patent"). Copies of the '731, '971, '647, '183, and '824 Patents are 

attached to this Complaint as Exhibits A through E, respectively. The Complaint will 

refer to the patents asserted in this lawsuit collectively as the "Patents." 

PARTIES 

2. Plaintiff VStream Technologies LLC is a Limited Liability Company 

organized under the laws of Texas. VStream is the assignee of all rights, title, and 

interest in and to the Patents and possesses all rights of recovery under the Patents. 

3. On information and belief, Defendant LG Electronics, Inc. ("LG 

Electronics") is incorporated under the laws of the Republic of Korea, having its 

principal place of business at LG Twin Towers, 20 Y eouido-dong, Y eongdeungpo-
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gu, Seoul, Republic of Korea. On information and belief, Defendant LG Electronics 

U.S.A. , Inc. ("LG USA") is incorporated under the laws of the state of Delaware, 

having its principal place of business at 1000 Sylvan Avenue, Englewood Cliffs, NJ 

07632. On information and belief, Defendant LG Electronics MobileComm U.S.A., 

Inc. ("LG MobileComm") is incorporated under the laws of the state of California, 

having its principal place of business at 10101 Old Grove Rd, San Diego, CA 92131 . 

This Complaint will refer to these Defendants collectively as "LG." On information 

and belief, LG Electronics is doing business in this judicial district, in Texas and 

elsewhere throughout the United States. LG Electronics' products accused of 

infringement in this Complaint are and have been offered for sale and sold in this 

and other judicial districts for a period not yet known but continuing to this date. On 

information and belief, LG Electronics manufactures the products alleged to infringe 

in this Complaint and controls the decisions of LG U.S.A. and LG MobileComm to 

infringe or license the Patents herein as agents of the principal parent corporation, 

LG Electronics. On information and belief, LG U.S.A., Inc. is registered to do 

business as a foreign corporation in Texas and is doing business in this judicial 

district, in Texas and elsewhere throughout the United States. LG U.S.A.'s products 

accused of infringement in this Complaint are and have been offered for sale and 

sold in this and other judicial districts for a period not yet known but continuing to 

this date. On information and belief, LG MobileComm is registered to do business 

as a foreign corporation in Texas and is doing business in this judicial district, in 

Texas and elsewhere throughout the United States. LG MobileComm's products 

accused of infringement in this Complaint are and have been offered for sale and 

sold in this and other judicial districts for a period not yet known but continuing to 

this date. LG U.S.A. ' s foreign corporation registration lists United States 

Corporation Co., 211 E. 7th Street, Suite 620, Austin, TX 78701-3218 as its 

registered agent for service of process. LG MobileComm' s foreign corporation 
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registration lists National Registered Agents, Inc., 1999 Bryan St., Suite 900, Dallas, 

TX. 75201-3136 as its registered agent for service of process. 

4. On information and belief, Nokia Corporation is a corporation 

organized under the laws of Finland with its principal place of business at 

Keilalahdentie 2-4, FIN-00045 Nokia Group, Espoo, Finland. On information and 

belief, Nokia Inc. is a corporation organized under the laws of Delaware with its 

principal place of business at 6021 Connection Dr., Irving, TX. 75038-2607. On 

information and belief, Nokia Inc. is a wholly owned subsidiary of Nokia 

Corporation. On information and belief, Nokia Corporation manufactures the 

products alleged to infringe in this Complaint and controls the decisions of Nokia, 

Inc. to infringe or license the Patents herein as agents of the principal parent 

corporation, Nokia Corporation. This Complaint will refer to these Defendants 

collectively as "Nokia." On information and belief, Nokia Corporation is doing 

business in this judicial district, in Texas and elsewhere throughout the United 

States. Nokia Corporation's products accused of infringement in this Complaint are 

and have been offered for sale and sold in this and other judicial districts for a period 

not yet known but continuing to this date. On information and belief, Nokia Inc. is 

registered to do business as a foreign corporation in Texas and is doing business in 

this judicial district, in Texas and elsewhere throughout the United States. Nokia 

Inc. 's products accused of infringement in this Complaint are and have been offered 

for sale and sold in this and other judicial districts for a period not yet known but 

continuing to this date. Nokia, Inc.'s foreign corporation registration lists National 

Registered Agents, Inc., 1999 Bryan St., Suite 900, Dallas, TX. 75201-3136 as its 

registered agent for service of process. 

5. On information and belief, Defendant Sony Corporation ("Sony 

Corp.") is a Japanese corporation with its principal place of business at 7-1, Ko nan 

1-Chome Mintao-ku, Tokyo 108-0075, Japan. On information and belief, Defendant 
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Sony Corporation of America ("Sony America") is a New York Corporation with its 

principal place of business at 550 Madison Ave., 6th Floor, New York, NY 10022-

3211 . On information and belief, Defendant Sony Electronics, Inc. ("Sony 

Electronics") is a Delaware corporation with its principal place of business at 16530 

Via Esprillo, San Diego, CA. 92127. On information and belief, Defendant Sony 

Pictures Entertainment, Inc. ("Sony Pictures") is a Delaware corporation with its 

principal place of business at 10202 W. Washington Blvd., Culver City, CA. 90232. 

On information and belief, Sony Corp. manufactures the products alleged to infringe 

in this Complaint and controls the decisions of Sony America, Sony Electronics, and 

Sony Pictures to infringe or license the Patents herein as agents of the principal 

parent corporation, Sony Corp. This Complaint will refer to these Sony Defendants 

collectively as "Sony." Sony Electronics is registered to do business as a foreign 

corporation in Texas and is doing business in this judicial district, in Texas and 

elsewhere throughout the United States. Sony Electronics' foreign corporation 

registration lists Corporation Service Company d/b/a CSC - Lawyers Incorporating 

Service Company, 211 E. 7th Street, Suite 620, Austin, TX 78701-3218, as its 

registered agent for service of process. 

6. On information and belief, Samsung Electronics Co., Ltd. ("Samsung 

Electronics") is formed and existing under the laws of the Republic of Korea with 

its principal place of business 416 Maetan-3dong, Yeongtong-gu, Suwon-City, 

Gyeonggi-do, Korea 443-742. Defendant Samsung Electronics America, Inc. 

("Samsung America") is a New York corporation with its principal place of business 

at 105 Challenger Rd., Ridgefield Park, NJ 07660. On information and belief, 

Samsung America is a wholly owned subsidiary of Samsung Electronics. On 

information and belief, Samsung Electronics manufactures the products alleged to 

infringe in this Complaint and controls the decisions of Samsung America to infringe 

or license the Patents herein as agents of the principal parent corporation, Samsung 
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Electronics. This Complaint will refer to these Defendants collectively as 

"Samsung." On information and belief, Samsung' s products accused of 

infringement in this Complaint are and have been offered for sale and sold in this 

and other judicial districts for a period not yet known but continuing to this date. 

Samsung America is registered to do business as a foreign corporation in Texas and 

is doing business in this judicial district, in Texas and elsewhere throughout the 

United States. Samsung America's foreign corporation registration lists CT 

Corporation System, 1999 Bryan St., Suite 900, Dallas, TX. 75201-3136 as its 

registered agent for service of process. 

7. On information and belief, Pantech Co., Ltd. ("Pantech Co.") is formed 

and existing under the laws of the Republic of Korea with its principal place of 

business at Pantech R&D Center, I-2, DMC Sangamdong Mapo-go, Seoul, South 

Korea. On information and belief Pantech Wireless, Inc. ("Pantech Wireless") is a 

Georgia corporation with its principal place of business in Atlanta, Georgia. On 

information and belief, Pantech Wireless is a wholly owned subsidiary of Pantech 

Co. On information and belief, Pantech Co. manufactures the products alleged to 

infringe in this Complaint and controls the decisions of Pantech Wireless to infringe 

or license the Patents herein as agents of the principal parent corporation, Pantech 

Co. This Complaint will refer to these Defendants collectively as "Pantech." 

Pantech's products accused of infringement in this Complaint are and have been 

offered for sale and sold in this and other judicial districts for a period not yet known 

but continuing to this date. Pantech is doing business in this judicial district, in 

Texas and elsewhere throughout the United States. Pantech Wireless may be served 

with process through its agent, Kathleen Elizabeth Jones, 5607 Glenridge Drive, 

Suite 500, Atlanta, Georgia 30342. Pantech Co. may be served with process at its 

principal place of business at Pantech R&D Center, 1-2, DMC Sangamdong Mapo

go, Seoul, South Korea. 
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8. On information and belief, Defendant ZTE Corporation ("ZTE Corp.") 

is formed and existing under the laws of the People's Republic of China with its 

principal place of business in ZTE Plaza, Keji Road South, Hi-Tech Industrial Park, 

Nanshan District, Shenzhen, Guangdong Province, People' s Republic of China 

518057. On information and belief, Defendant ZTE (USA), Inc. ("ZTE USA") is a 

corporation organized under the laws of the State of New Jersey with its principal 

place of business at 33 Wood Avenue South, 7th Floor, Iselin, NJ 08830. On 

information and belief, ZTE Corp. manufactures the products alleged to infringe in 

this Complaint and controls the decisions of ZTE USA to infringe or license the 

Patents herein as agents of the principal parent corporation, ZTE Corp. This 

Complaint will refer to these Defendants collectively as "ZTE." ZTE's products 

accused of infringement in this Complaint are and have been offered for sale and 

sold in this and other judicial districts for a period not yet known but continuing to 

this date. ZTE is doing business in this judicial district, in Texas and elsewhere 

throughout the United States. ZTE USA's foreign corporation registration lists Jing 

Li, 2425 North Central Expressway, Suite 600, Richardson, Texas 75080 as its 

registered agent for service of process. 

JURISDICTION AND VENUE 

9. This action arises under the Patent Laws of the United States, 35 U.S.C. 

§ 101 et seq., including 35 U.S.C. § 271. This Court has original and exclusive 

subject matter jurisdiction over this case for patent infringement under 28 U.S.C. §§ 

1331and1338(a). 

10.The Court has personal jurisdiction over each Defendant. On 

information and belief, each Defendant has conducted and does conduct business 

within the State of Texas. On information and belief, each Defendant, directly 

and/or through intermediaries (including distributors, retailers, and others), offers 
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for sale, sells, advertises, and/or uses its products and services (including the 

products accused of infringement in this lawsuit) in the United States, the State of 

Texas, and the Eastern District of Texas. On information and belief, each Defendant, 

directly and/or through intermediaries, has committed patent infringement within the 

State of Texas, and, more particularly, within the Eastern District of Texas. On 

information and belief, each Defendant, has purposefully and voluntarily placed one 

or more infringing products into the stream of commerce with the expectation that 

they will be purchased by consumers in the Eastern District of Texas. On 

information and belief, each Defendant is subject to general jurisdiction in this 

Court. 

11.Venue is proper in the Eastern District of Texas under 28 U.S.C. §§ 

1391 and 1400(b ). 

12.Joinder of these Defendants in one action is proper under 35 U.S.C. 

§299 because VStream is informed and believes that a substantial number of the 

products of each Defendant use Qualcomm Snapdragon processors for image 

processmg. 

FACTUAL BACKGROUND 

13. The Patents are generally directed to methods, systems, apparatus, and 

articles of manufacture for encoding and decoding signals representative of image 

and/or video signals (i.e., "video compression" or "video decompression"). 

14.Video compression and decompression techniques are used in many 

industries that involve either the transmission of images from one location to another 

and/or the manufacture or sale of devices to receive or store image and/or video 

signals. These industries include, for example: content providers; cable and satellite 

companies; teleconferencing providers; television, electronics and cellular telephone 

manufacturers; television broadcasters and digital media providers. 
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15.Video and/or image signals are encoded (compressed) prior to being 

stored on a medium or transmitted over a medium. The image or video signals are 

decoded (decompressed) when read from the storage medium or received at the other 

end of a transmission. The decoding will either recreate the original image and/or 

video signal in its entirety ("lossless" compression techniques) or will produce a 

close approximation of the original signal ("lossy" compression techniques). 

Compression and decompression techniques reduce the amount of data required to 

store, transmit, and reproduce image and/or video signals. 

16.Michael Gough is the primary inventor of each of the Patents. He is 

self-made man and prolific inventor. In 1978, at age seventeen, he began working 

on technology in the defense industry. He taught himself computer science and 

software technology. He became so adept that in 1987, he caught the attention of a 

young company in California-Apple. Gough began work at Apple in January 1988. 

Over his time at Apple, he was an inventor of fourteen patents assigned to Apple. 

Gough worked at Apple until December 1996. 

17.0n February 10, 2004, the U.S. Patent and Trademark Office 

("USPTO") issued the '731 Patent to Michael L. Gough and James J. Gough. 

VStream is now the sole owner of the '731 Patent and possesses all rights of recovery 

under the '731 Patent. 

18.0n February 1, 2005, the USPTO issued the '647 Patent to Michael L. 

Gough and Paul Miner. VStream is now the sole owner of the '64 7 Patent and 

possesses all rights of recovery under the '64 7 Patent. 

19.0n February 10, 2009, the USPTO issued the '824 Patent to Michael 

L. Gough and Paul Miner. VStream is now the sole owner of the '824 Patent and 

possesses all rights of recovery under the '824 Patent. 
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20. On December 1, 2009, the US PTO issued the '1 83 Patent to Michael 

L. Gough and Paul Miner. VStream is now the sole owner of the '183 Patent and 

possesses all rights of recovery under the ' 183 Patent. 

21.0n May 15, 2012, the USPTO issued the '971 Patent to Michael L. 

Gough and James J. Gough. VStream is now the sole owner of the '971 Patent and 

possesses all rights of recovery under the '971 Patent. 

above. 

FIRST CLAIM FOR RELIEF 

(Infringement of U.S. Patent 6,690,731) 

22. VStream refers to and incorporates the allegations of Paragraphs 1-21 

23 .LG has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the ' 731 

Patent. 

24.Nokia has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '731 

Patent. 

25.Sony has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 
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acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation digital cameras, digital video 

cameras, cellular smartphones, CMOS image sensors, and/or image processing 

integrated circuits that implement the systems, methods, apparatus, and/or articles 

of manufacture claimed in the '731 Patent. 

26.Samsung has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones and tablets that 

implement the systems, methods, apparatus, and/or articles of manufacture claimed 

in the '731 Patent. 

27 .Pantech has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '731 

Patent. 

28.ZTE has infringed and continues to infringe one or more claims of 

the '731 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '731 

Patent. 
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29.VStream is entitled to recover from each Defendant the damages 

sustained by VStream as a result of each Defendant's wrongful acts in an amount 

subject to proof at trial. 

30.Upon information and belief, each of the Defendants has had notice of 

the Patents from at least the time of filing this lawsuit. Accordingly, their 

infringement has been willful and deliberate, entitling VStream to increased 

damages under 35 U.S.C. §284 and to attorneys' fees and costs under 35 U.S.C. 

§285. 

31.Each Defendant's infringement of the '731 Patent is causing, and will 

continue to cause, irreparable harm to VStream for which there is no adequate 

remedy at law unless and until enjoined by this Court. 

above. 

SECOND CLAIM FOR RELIEF 

(Infringement of U.S. Patent 8,179,971) 

32. VStream refers to and incorporates the allegations of Paragraphs 1-31 

33.LG has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '971 

Patent. 

34.Nokia has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 
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consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '971 

Patent. 

35.Sony has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 3 5 U.S. C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation digital cameras, digital video 

cameras, cellular smartphones, CMOS image sensors, and/or image processing 

integrated circuits that implement the systems, methods, apparatus, and/or articles 

of manufacture claimed in the '971 Patent. 

36.Samsung has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 3 5 U.S. C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones and tablets that 

implement the systems, methods, apparatus, and/or articles of manufacture claimed 

in the '971 Patent. 

3 7 .Pantech has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '971 

Patent. 

38.ZTE has infringed and continues to infringe one or more claims of 

the '971 Patent, either literally or through equivalents and either directly or through 
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acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '971 

Patent. 

39.VStream is entitled to recover from each Defendant the damages 

sustained by VStream as a result of each Defendant' s wrongful acts in an amount 

subject to proof at trial. 

40.Upon information and belief, each of the Defendants has had notice of 

the Patents from at least the time of filing this lawsuit. Accordingly, their 

infringement has been willful and deliberate, entitling VStream to increased 

damages under 35 U.S.C. §284 and to attorneys' fees and costs under 35 U.S.C. 

§285. 

41.Each Defendant's infringement of the '971 Patent is causing, and will 

continue to cause, irreparable harm to VStream for which there is no adequate 

remedy at law unless and until enjoined by this Court. 

above. 

THIRD CLAIM FOR RELIEF 

(Infringement of U.S. Patent 6,850,647) 

42.VStream refers to and incorporates the allegations of Paragraphs 1-41 

43.LG has infringed and continues to infringe one or more claims of 

the '64 7 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 
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systems, methods, apparatus, and/or articles of manufacture claimed in the '647 

Patent. 

44.Nokia has infringed and continues to infringe one or more claims of 

the '64 7 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '647 

Patent. 

45.Sony has infringed and continues to infringe one or more claims of 

the '64 7 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation digital cameras, digital video 

cameras, smartphones, televisions, Blu-ray players and/or image processing 

integrated circuits that implement the systems, methods, apparatus, and/or articles 

of manufacture claimed in the '64 7 Patent. 

46.Samsung has infringed and continues to infringe one or more claims of 

the '647 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones, tablets, televisions, 

Blu-ray players, and/or image processing integrated circuits that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '647 

Patent. 

47.Pantech has infringed and continues to infringe one or more claims of 

the '647 Patent, either literally or through equivalents and either directly or through 
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acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '647 

Patent. 

48.ZTE has infringed and continues to infringe one or more claims of 

the '64 7 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '647 

Patent. 

49. VStream is entitled to recover from each Defendant the damages 

sustained by VStream as a result of each Defendant's wrongful acts in an amount 

subject to proof at trial. 

50.Upon information and belief, each of the Defendants has had notice of 

the Patents from at least the time of filing this lawsuit. Accordingly, their 

infringement has been willful and deliberate, entitling VStream to increased 

damages under 35 U.S.C. §284 and to attorneys' fees and costs under 35 U.S.C. 

§285. 

51.Each Defendant's infringement of the '647 Patent is causing, and will 

continue to cause, irreparable harm to VStream for which there is no adequate 

remedy at law unless and until enjoined by this Court. 

FOURTH CLAIM FOR RELIEF 

(Infringement of U.S. Patent 7,627,183) 

16 
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52. VStream refers to and incorporates the allegations of Paragraphs 1-51 

above. 

53.LG has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '183 

Patent. 

54.Nokia has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '183 

Patent. 

55.Sony has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation digital cameras, digital video 

cameras, cellular smartphones, televisions, Blu-ray players, and/or image processing 

integrated circuits that implement the systems, methods, apparatus, and/or articles 

of manufacture claimed in the '183 Patent. 

56.Samsung has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

17 
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manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones, tablets, televisions, 

Blu-ray players, and/or image processing integrated circuits that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '183 

Patent. 

57.Pantech has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '183 

Patent. 

58.ZTE has infringed and continues to infringe one or more claims of 

the '183 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '183 

Patent. 

59.VStream is entitled to recover from each Defendant the damages 

sustained by VStream as a result of each Defendant's wrongful acts in an amount 

subject to proof at trial. 

60.Upon information and belief, each of the Defendants has had notice of 

the Patents from at least the time of filing this lawsuit. Accordingly, their 

infringement has been willful and deliberate, entitling VStream to increased 

damages under 35 U.S.C. §284 and to attorneys' fees and costs under 35 U.S.C. 

§285. 
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61.Each Defendant's infringement of the '183 Patent is causing, and will 

continue to cause, irreparable harm to VStream for which there is no adequate 

remedy at law unless and until enjoined by this Court. 

above. 

FIFTH CLAIM FOR RELIEF 

(Infringement of U.S. Patent 7,489,824) 

62. VStream refers to and incorporates the allegations of Paragraphs 1-61 

63 .LG has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '824 

Patent. 

64.Nokia has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '824 

Patent. 

65.Sony has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation digital cameras, digital video 

19 
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cameras, cellular smartphones, televisions, Blu-ray players and/or image processing 

integrated circuits that implement the systems, methods, apparatus, and/or articles 

of manufacture claimed in the '824 Patent. 

66.Samsung has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones, tablets, televisions, 

Blu-ray players, and/or image processing integrated circuits that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '824 

Patent. 

67 .Pantech has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '824 

Patent. 

68.ZTE has infringed and continues to infringe one or more claims of 

the '824 Patent, either literally or through equivalents and either directly or through 

acts of contributory infringement or inducement, in violation of 35 U.S.C. § 271 by 

manufacturing, using, selling, offering to sell, and/or marketing several types of 

consumer electronics, including without limitation smartphones that implement the 

systems, methods, apparatus, and/or articles of manufacture claimed in the '824 

Patent. 

20 
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69. VStream is entitled to recover from each Defendant the damages 

sustained by VStream as a result of each Defendant's wrongful acts in an amount 

subject to proof at trial. 

70.Upon information and belief, each of the Defendants has had notice of 

the Patents from at least the time of filing this lawsuit. Accordingly, their 

infringement has been willful and deliberate, entitling VStream to increased 

damages under 35 U.S.C. §284 and to attorneys' fees and costs under 35 U.S.C. 

§285 . 

71.Each Defendant's infringement of the '824 Patent is causing, and will 

continue to cause, irreparable harm to VStream for which there is no adequate 

remedy at law unless and until enjoined by this Court. 

JURY DEMAND 

72. VStream demands a trial by jury on all issues. 

PRAYER FOR RELIEF 

Plaintiff VStream Technologies LLC respectfully requests this Court to enter 

judgment in its favor against each Defendant and grant the following relief: 

A. An adjudication that each Defendant has infringed and continues to infringe 

claims of the '731, '971, '647, ' 183, and '824 Patents; 

B. An award of damages to VStream adequate to compensate for Defendants' 

acts of infringement together with prejudgment interest; 

C. An award of enhanced damages to VStream, up to and including trebling if 

VStream's damages as permitted under 35 U.S.C. §284; 

D. An award of VStream's costs of suit and reasonable attorneys' fees as 

permitted under 35 U.S.C. §285, or as otherwise permitted by law; 

21 
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E. A grant of permanent injunction in accordance with 35 U.S.C. §283, enjoining 

each Defendant from further acts of infringement; and 

F. For any further relief that this Court deems just and proper. 

Dated: April 23, 2014 Respectfully submitted, 

KYLE LUDWIG HARRIS LLP 

Isl John S. Kyle 
John S. Kyle 
Lead Attorney 
California State Bar No. 199196 
jkyle@klhipbiz.com 
450 B St., Suite 1410 
San Diego, CA. 92101 
Telephone: (619) 600-0644 

ATTORNEYS FOR VSTREAM 
TECHNOLOGIES LLC 
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(57) ABSTRACT 

A method for diagonal processing of video data includes 
separating diagonally arranged data from rectilinearly 
arranged data in a video stream, rotating the diagonally 
arranged data to a rectilinear position; and compressing the 
rotated diagonally arranged data by a rectilinear compres
sion algorithm. Alternatively stated, the method includes 
recognizing diagonally arranged data in a video stream, 
processing the diagonally arranged data into rectilinear data, 
and compressing the rectilinear data by a rectilinear com
pression algorithm. An apparatus for diagonal processing of 
video data includes a demultiplexer receptive to a video 
stream and developing a plurality of separated color planes, 
at least one of which is a rectilinear color plane and at least 
one of which is a rotated color plane, a number of address 
generators associated with the plurality of color planes, 
wherein an address generator associated with the rotated 
color plane is operative to rotate the rotated color plane to a 
rectilinear position; and a data compressor receptive to the 
address generators and operative to compress the plurality of 
color planes with a rectilinear compression algorithm. 

22 Claims, 18 Drawing Sheets 
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METHOD AND APPARATUS FOR 
DIAGONAL PROCESSING OF VIDEO DATA 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

2 
values. However, the Bayer-2G mosaic also makes it more 
difficult to preprocess the color data. That is, the Bayer-2G 
sensor places the green pixels in a crosshatched pattern, as 
seen in prior art FIG. 1, which makes the assembly of blocks 

5 for compression relatively difficult. 
This application is related to copending U.S. Provisional 

Patent Application Ser. No. 60/067,481, filed Dec. 1, 1997, 
incorporated herein by reference; to U.S. Provisional Patent 
Application Ser. No. 60/092,736, filed Jul. 14, 1998, incor- 10 

porated herein by reference; and to U.S. Provisional Patent 
Application Ser. No. 60/097,436, filed Aug. 21, 1998, incor
porated herein by reference. 

SUMMARY OF THE INVENTION 

The present invention manipulates incoming sensor data 
through a number of filters, while taking the geometry of the 
sensor into account. These include gamma correction, a 
demultiplexer, a buffered scheme for creating monochro
matic 8x8 blocks, a discrete cosine transform, run length 
encoding, and Huffman coding. The resulting Huffman 

BACKGROUND OF THE INVENTION 

This invention relates generally to color digital cameras, 
and more particularly to the processing of color data gen
erated by the sensor of a color digital camera. 

15 d co es are transmitted to the host via USE interface logic. 

As noted previously, while prior art design approaches 
allow the use of more standard technologies, they are very 
inefficient because they generate 24 bit data in the chip, 

20 which is then compressed and sent to the host. The present 
invention achieves a three-fold reduction in the data rate 

Digital color cameras are used with computer or other 
digital processing systems. Such cameras include a sensor 
array, optics, preprocessing electronics, and a cable or other 
communication link to transfer data to the digital processing 
system. Digital cameras are made by Connectix, Intel, and 
~~IB. ~ 

because the data remains 8 bits per pixel instead of 24 bits 
per pixel. Furthermore, any future improvements in com
pression technology will benefit from the architecture of the 
present invention in that the compression ratio gains will be 
multiplied by a factor of three because interpolation is done 
on the host, and the compression works directly on the raw 
sensor data. 

Digital cameras of the prior art often include a solid state 
sensor including a mosaic of red (R), green (G) and blue (B) 
sensor elements. Data from the sensor is transmitted to a 
data processing apparatus to be processed into a series of 30 

digital images. However, since there are typically many 
thousands of sensor elements on a sensor, and since digital 
video requires frequent updates ("refreshing") in the order of 
20-30 times per second, it is not typically practical to 35 
provide a transmission medium that is fast enough to send all 

The present invention uses "diagonal" preprocessing to 
assembly green pixel data derived from a Bayer-2G mosaic 
sensor into blocks that are suitable for discrete cosine 
transformation (DCT) compression. This preprocessing pro
vides for excellent data compression with superior image 
quality. 

of the data available from the sensor to the data processing 
apparatus. In the past, this problem has been addressed by 
lossy compression techniques that discards a considerable 
portion of the video data available from the sensor. 

Some of the prior art compression technologies provide 
an interpolation step which occurs before compression. The 
interpolation step provides collocated RGB values, and 
allows for luminance/chrominance re-mapping as well as 
color correction on the chip. While these other design 
approaches allow the use of standard and well-known 
technologies, they are very inefficient because they generate 
24 bit data in the chip, which is then compressed and sent to 
the host. 

The sensors used in digital cameras are often of the 
"mosaic" sensor type, where red (R), green (G), and blue (B) 
pixels are arranged in a matrix. With mosaic type video 
sensors, groups of pixels are assembled into blocks for 
processing through conventional compression techniques. 
This compression is desirable due to the typically limited 
bandwidth of the connection mechanism between the cam
era and the digital processing system. A common form of 
compression utilizes a discrete cosine transform (DC1). 

An advantage of using a mosaic type sensor is that it has 
only one color value per pixel, which allows for rapid 
compression of the color sensor data. Of the mosaic type 
video sensors, the "Bayer-2G" mosaic sensor interesting in 
that it gives twice as many green pixels as red or blue pixels. 
Green pixels are good for detecting luminance (brightness) 

The diagonal preprocessing is accomplished by identify
ing a diamond shaped block and rotating the block by 45 
degrees. The block is then processed through DCT as a 

40 normal compression block, and then is rotated back on the 
host (i.e. in the digital processing system) side. The leftover 
"edges" surrounding the diamond shaped block are formed 
into their own compression block, which is reassembled 

45 
with the diamond shaped block after DCT compression and 
decompression. As a result, the DCT blocks can be pro
cessed such that the pixels that are closest together are 
processed together. This results in a sharper image and, in 
addition, better compression due to a minimization of the 

50 variance of the DCT cosine wave. Still further, the process 
of the present invention spreads the data content over time, 
reducing data "bursts" which could exceed the data handling 
capacity of the data bus or of the host digital processing 

55 
system. 

An advantage of the present invention is that it provides 
a compression technology for the transmission of video 
sensor data from, for example, a digital camera, that is very 
efficient in terms of gate count, sensor cost, compression 

60 ratio, and image quality. 

Another advantage of the present invention over the prior 
art is that it takes the geometry of the sensor into account. 
This allows the design to be much more efficient than was 

65 heretofore possible. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon a reading of 
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the following descriptions of the invention and a study of the 
several figures of the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a prior art Bayer 2-G Mosaic 5 

sensor pattern; 

FIG. 2 is a block diagram illustrating a preferred embodi
ment of the present invention; 

FIG. 3 is a representation of a CMOS sensor with an RGB 10 

mosaic; 

FIG. 4 illustrates the green mosaic cells; 

4 
reduction in fidelity to the original gamma curve, as will be 
apparent to those skilled in the art. The output of the gamma 
correction block is 8 bit non-linear (gamma corrected) 
samples. The gamma correction block preferably features a 
dynamically loadable lookup table that is controlled via the 
USE. There is no differential between the timing of the 
incoming cells and the outgoing cells, i.e., the relationship is 
one to one. Therefore no special clock mechanism is 
required for this block. Gamma corrections modules are well 
known to those skilled in the art. 

The gamma correction module 12 may optionally be 
preceded and/or followed by a color transformation module 
(not shown). Such color transformation module(s) convert FIG. 5 illustrates a superimposed transverse grid; and 

FIGS. 6-9 show a variety of configurations of data within 
a green block. 

FIG. 10 is an illustration of a diagonal preprocessing 
block, with red and blue pixels removed, of the method of 
the present invention; 

15 between color spaces, e.g. RGB to YUV, etc. This can be 
advantageous in interfacing on a host processor that may 
require a given color space in order to process the data. If a 
color correction is performed prior to the gamma correction, 

20 it can correct for spectral distortion. 

FIG. 11 is an illustration of a "big green block" with red 
and blue pixels removed; 

The mosaic demultiplexer 14 receives data from the 
gamma correction module. The mosaic demultiplexer splits 
the data into three channels, each representing one of the 
RGB colors. The timing of this block is dependent on the 

FIG. 12 is an illustration of a first block "Block 1" 
removed from the big green block and leftover corners, 
ready for transposition and assembly into another block; 

FIG. 13 is an illustration of a second block produced from 
the corners of the big green block next to Block 1, produced 
from the center of the big green block; 

25 timing of the mosaic, which emits the RGB cells in scanline 
order following the pattern of the mosaic. There are no 
special timing requirements for this block. 

FIG. 13a is a flow diagram illustrating a diagonal pro- 30 

cessing process of the present invention; 

FIG. 14 is an illustration of overlapping "RGGB" type 
blocks, next to the resulting Gl or G2 type block; 

A red address generator 40 receives 8 bit non-linear red 
data values as well as timing from the mosaic demultiplexer. 
Its outputs include the same 8 bit non-linear red data values, 
a block number indicating which red 8x8 block is to contain 
this 8 bit value, the cell number which is an index from 0 to 
63 indicating the position of the cell within the specified 

FIG. 15 is an illustration of the two types of green blocks 
used in the RGGB process, namely the Gl Block and the G2 
Block; 

FIG. 16 is an illustration of a digital camera system of the 
present invention coupled to a digital processing system; and 

FIG. 17 is an illustration of a digital camera system 
utilizing a camera module. 

35 block, and a block done signal that is raised to indicate that 
the specified block has been completed. The block done 
signal is raised only after the last data value has been loaded; 
when the block done signal is raised, the 8 bit data value and 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

40 
the cell number do not contain meaningful information. The 
red address generator contains no buffers for the 8 bit data. 
It does however contain a number of registers that are 
dynamically loaded via USE. These registers are related to 
the dimensions of the sensor image. This block receives 

FIG. 1 was discussed with reference to the prior art. A 
block diagram of a preferred embodiment of the present 
invention is shown in FIG. 2. As noted previously, the 

45 timing from the mosaic demultiplexer; there are no internal 
buffers and no special timing requirements. 

present invention manipulates the incoming sensor data 
50 

through a number of filters. These "filters" include gamma 
corrector 12, a block generator 16 for creating monochro
matic 8x8 blocks, a discrete cosine transformer 20, a run 
length encoder 22, and a Huffman compressor 24. The filters 
are coupled together with a Mosaic demultiplexer 14, and a 55 

FIFO 18. The resulting Huffman codes are transmitted to the 
host, such as via an Universal Serial Bus ("USE") interface 
26. 
First Exemplary Implementation 

In FIG. 2, a gamma correction module 12 performs a 60 

logarithmic re-mapping of the incoming 10 bit RGB values. 
This can be achieved via a lookup table that has 1024 entries 
of 8 bits each. Alternate embodiments of the present inven
tion use other designs for gamma correction that can achieve 65 
a reduction in the required gates, e.g. a polynomial curve fit 
algorithm (which may include splines), often with some 

A blue address generator 42 is nearly identical to the red 
address generator, although their timing is not synchronized 
because the red data and the blue data are streamed from the 
sensor at different times. Since both the red and blue grids 
in the sensor array are rectilinear, their design is straight
forward. This block has no internal buffers and no special 
timing requirements. 

A green address generator 38 is functionally similar to the 
red and blue address generators. Its design differs from the 
red and blue address generators because the green mosaic 
cells are arranged differently than the red and blue data; it is 
not rectilinear with respect to the sensor edges. 

The operation of the green address generator will be 
discussed in reference to FIGS. 3-9. In FIG. 3, the CMOS 
sensor represented is a mosaic of 352x288 pixels or cells, 
though the representation shown here is cropped, i.e. is a 
subset of the full mosaic. More particularly, the mosaic 
includes red (r) pixels 32, green (g) pixels 28, and blue (b) 
pixels 30. The pixels form a part of scan lines, such as scan 
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lines 34 and 36. The mosaic represents three color planes, 
with discrete samples for each of the colors. The discrete 
samples are not co-located, so there is no single location for 
which more than one color is available. The mosaic can be 
split into three separate grids, one for each of the RGB 5 

colors. 

6 
from the pool. The amount of memory required by this block 
varies with respect to sensor width. For a 352x288 sensor, 22 
blue blocks, 22 red blocks, and 46 green blocks will be 
required. This implies a memory requirement of approxi
mately 5760 bytes of memory. This requirement will obvi
ously increase if the size of a cache line is not an even 
multiple of the 64 bytes. This block has no special timing The human eye is very sensitive to luminance (non-color 

brightness) data, and less sensitive to chrominance (color) 
data. The luminance data must therefore be represented in 
higher resolution than the chrominance data if the design is 
to be optimally efficient. Since most of the luminance data 

requirements, but does require interface logic to a cache 

10 RAM. 

is carried by the wavelengths detected by the green filter, 
there is an emphasis on the density of the green mosaic cells 

An alternative implementation uses a static RAM instead 
of a cache RAM. In this implementation, the buffer is used 
in a cyclic manner. This implementation generates memory 
addresses directly rather than allocating blocks from a pool, in the geometry of the mosaic. 15 as will be appreciated by those skilled in the art. As seen in FIG. 4, a green mosaic 44 forms a crosshatch 

pattern, as illustrated by diagonal lines 38 and intersecting 
diagonal lines 40. The geometry of the green mosaic 44 does 
not easily lend itself to compression via DCT because it is 
not easy to form 8x8 blocks. The cells of the green mosaic 20 

are formed into 8x8 blocks by the green address generator 
which rotates the data by 45 degrees. This diagonal rotation 
is key to the proper and efficient functioning of the present 
invention, and is preferably performed without the use of 
trigonometric functions, but rather with simple finite state 25 

automaton, as discussed below. 
To explain the rotation process, FIG. 5 shows a transverse 

grid 46 superimposed over the green mosaic 44 which 
identifies the boundaries between diamond-shaped 8x8 

30 
blocks 48 of the grid 46 and which data values each contains. 
Each block 48 (e.g. 48a, 48b, 48c, 48d) contains up to 64 
data values, although those near the edge of the mosaic 
contain less, as illustrated. 

In 8 bit FIFO buffers 18 the data such that it does not 
overrun the Discrete Cosine Transform (DCT) because the 
DCT requires some time to process the 8x8 blocks. The size 
of this FIFO depends on the timing of the DCT which is to 
be defined in a future document. FIFOs of this design are 
well known to those skilled in the art. 

Discrete Cosine Transform block 20 is used to convert 
8x8 blocks into the frequency domain. This block will 
require the use of a multiplication circuit and will apply 
approximately 14 multiplies for each DCT block. The DCT 
of the described embodiment of the present invention use 
coefficients that are suited for RGB values, not Luminance/ 
Chrominance or "YUV", although other preferred embodi
ments of the present invention can be provided for YUV, as 
will be appreciated by those skilled in the art. As a part of 
the DCT operation various data reduction operations may be 
performed, including quantization that reduces the accuracy 

35 of DCT coefficients to achieve greater compression. Quan
tization is used in JPEG and MPEG standard algorithms. 
DCT blocks such as this are well known to those skilled in 

FIGS. 6 through 9 show a variety of configurations of data 
within a green block. The most common configuration is the 
configuration shown in FIG. 9, which shows a full block of 
green data. More particularly, FIG. 6 illustrates a rotated 
upper left corner block 48b, FIG. 7 illustrates a rotated top 

40 
edge block, FIG. 8 illustrates a rotated left edge block (not 
shown), and FIG. 9 illustrates a rotated full block 48a. 

Referring again to FIG. 2, RGB block buffers 50 are used 
to buffer the 8 bit RGB values in groups of 64 samples. In 
the case of green edge blocks, many of those values may be 45 

null. The block buffers receive 8 bit values one at a time 
from their respective sources, along with addressing infor
mation specifying the block number and the position within 
the block. The block number is a number ranging from 0 to 
the total number of blocks in a single frame for a given color 
(red green or blue.) The block buffer is efficient in that it 
does not require 64 bytes of memory for each block number 

50 

in the image; instead it uses the block number as an identifier 
for a specific block, similar to a cache line identifier. If that 55 

block exists, the value is placed within it at the specified 
location. If it does not, then a new block is allocated from the 
pool of blocks. 

the art. Furthermore, while DCT compression is a good 
example of a rectilinear compression algorithm, those 
skilled in the art will recognize that other forms of rectilinear 
compression algorithms are also suitable, such as wavelet 
compression. 

A run length encoding (RLE) block 22 identifies patterns 
in the amplitudes that are emitted from the DCT and 
compress them by generating a count for the number or 
repetitions that are seen in the data. Run length encoding 
often includes a "zigzag" traversal of the coefficients, such 
as is defined in the JPEG and MPEG standards. This 
traversal of the coefficients is performed so that coefficients 
in similar portions of the 8x8 grid are grouped together, 
which can cause the runs of zeros to be longer because 
coefficients with similar frequencies are grouped together 
sequentially. Longer runs of zeros yield better compression. 
Run length encoding blocks such as this are well known to 
those skilled in the art. 

A Huffman compressor 24 uses a predefined code book to 
reduce the bit length of commonly transmitted codes. Huff
man compressors are well known to those skilled in the art, 
as are Universal Serial Bus (USE) interfaces 26. 

This design maps cleanly to cache RAM technology. A 
single pool of blocks can be used for three colors. A two bit 60 

color identifier is appended to the block number, and the 
resulting unique block number can be used as a cache line 
identifier. The result is that the design can be highly efficient 
with respect to memory. 

It will therefore be appreciated that an apparatus for 
diagonal processing of video data in accordance with the 

65 present invention includes a demultiplexer 14 receptive to a 
video stream (i.e. 8 bit non-linear mosaic samples) and 
developing a plurality of separated color planes (e.g. R, G, 

When a "block done" signal is received, the 64 bytes for 
that block are streamed out, and the block is de-allocated 
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and B color planes, where the G color plane is shown in FIG. 
4), at least one of which is a rectilinear color plane (in this 
example the R and B color planes) and at least one of which 
is a rotated color plane (in this example the G color plane). 

8 
In FIG. 13, a "Block 2" 56 produced from corners of BG 

52 is shown next to "Block 1" 54, that was produced from 
the center of the BG block 56. This can also be achieved 
through the use of a "RGGB" algorithm, as will be appre
ciated by those skilled in the art, and which will be discussed 
in greater detail subsequently. 

In FIG. 13A, a method 51 for diagonal processing of 
video data begins with an operation 53 of obtaining video 
data from an input source. This input source may be a video 
sensor array, or may be a digital storage or transmission 
medium. An operation 55 separates diagonally arranged data 
from rectilinearly arranged data in the video stream. Next, 
an operation 57 rotates the diagonally arranged data to a 
rectilinear position, and an operation 59 compresses the 
rotated diagonally arranged data by a rectilinear compres
sion algorithm. 

As seen in FIG. 14, an RGGB algorithm is one in which 

In other embodiments of the present invention, the R and B 5 

color planes may be rotated, while the G plane may be 
rectilinear. Also, color planes in other color spaces such as 
YUV or CMY will have at least one rectilinear plane and at 
least one rotated plane. The apparatus further includes a 
number of address generators (e.g. 38, 40, and 42) associ- 10 

ated with the plurality of color planes (in this example the 
green, red, and blue color planes, respectively), wherein an 
address generator 38 associated with the rotated color plane 
(green) is operative to rotate the rotated color plane to a 15 
rectilinear position. The apparatus further includes a data 
compressor (such as compressor 20) receptive to the address 
generators and operative to compress the plurality of color 
planes with a rectilinear compression algorithm (e.g. DCT 
compression 20). 20 the red and blue blocks are assembled in the same way as 

described above, but the resulting green crosshatch of pixels 
is separated into two separate types of blocks, green one 
(Gl) block 58 and green two (G2) block 60. The Gl blocks 

Second Exemplary Implementation 
A alternative diagonal processing method of the present 

invention assembles the green mosaic 44 into a diamond 
pattern 50, resembling a standard DCT block rotated by 45 
degrees, as seen in FIG. 10. This is similar to the process 
described previously; however, the corners are handled 
differently in this embodiment of the present invention 
compared to the previously described embodiment. 

58 are assembled from the pixels of every other row starting 
25 with the first. The G2 blocks 60 are produced from the pixels 

of every other row starting with the second. The pixels of Gl 
and G2 blocks overlap in the mosaic, as shown in FIG. 14. 
It should be noted that the Gl and G2 blocks are diagonally 

The diamond pattern 50 allows for minimal spacing 
between pixels in the block for processing, and therefore a 
better quality image. Further, by using the diagonal process
ing method of the present invention, the diagonal processing 
is easily implemented in hardware. The advantage of this 
alternative method is that it uses a simpler address generator 
than that disclosed previously. That is, the address generator 
of this alternate embodiment can be implemented as an 
uncomplicated address look-up table, as will be described in 
greater detail below. 

30 
related. Once separated, as illustrated in FIG. 15, the Gland 
G2 blocks look similar to other compression blocks. A Gl 
and a G2 block that had overlapped in the mosaic can be 
used in the same way that a BG block is used for Diagonal 
Preprocessing, with only minor changes to the lookup table. 

35 That is, once the blocks are fed through the various com
pression and decompression mechanisms, an inverse lookup 
table corresponding to the first lookup table can be used to 
reassemble the data into a form that can then be interpolated 

The process of the present invention begins with data 
being fed from the sensor and assembled into three types of 
blocks: red, blue, and "Big Green" (BG). The red and blue 
blocks are rather straightforward; blocks of a designated size 

40 
or processed in another manner, as will be appreciated by 
those skilled in the art. 

are produced with no special handling. For example an 8x8 
45 

pixel block will occur every 8 pixels of the specified color 
across, and have a height of 8 pixels. The BG blocks 52, as 
seen in FIG. 11, extend twice the desired width and twice the 
desired length of a DCT block (such as used for the red and 
blue pixels), with every other row and column in a cross-

50 
hatched pattern. 

The red and blue blocks are ready for processing. The BG 
block, however requires one more bit of handling. Feeding 
the BG block into a specifically designed lookup table, an 
example of which is attached as Appendix A, will produce 55 

two DCT blocks of the desired size, ready for processing. 
The first block is 54 cut from the center of the BG block in 
52 a diamond shape (see FIG. 12), the second block 56 
produced by assembling the leftover corners (see FIG. 13). 

In FIG. 12, "Block 1" 54 is shown to be removed from Big 60 

Green Block and leftover corners, ready for transposition 
and assembly into another block. Horizontal 180° transpo
sition in addition to 180° vertical transposition is a preferred 
method to produce the second block from the leftover 65 
corners, though other techniques can be used, as will be 
apparent to those skilled in the art. 

In summary, by feeding either a Big Green (BG) block or 
two smaller, overlapping blocks through a lookup table to 
assemble compression blocks from the center diamond and 
corners, the diagonal preprocessing of the present invention 
can be implemented without any significant reduction in 
quality. That is, a method for processing of video data in 
accordance with the present invention includes recognizing 
diagonally arranged data in a video stream by one or more 
of a variety of methods, processing the diagonally arranged 
data into rectilinear data, and then compressing the rectilin
ear data by a rectilinear compression algorithm. 

A working look-up table that utilizes the BG method of 
the present invention is attached hereto as "Appendix A", 
and forms a part of this disclosure. The method named 
"grinder" takes two blocks and reassigns the x and y 
coordinates of each pixel within the block to get two 
diagonal preprocessing blocks. After reassigning the address 
of every pixel to that of a Diagonal Processing block, the 
new blocks are sent on to be compressed. 

In FIG. 16, a digital camera system of the present inven
tion includes a digital camera 64, a digital processing system 
66 (such as a personal computer), and a video display 68 or 
other output device, such as a color printer. The digital 
camera includes a sensor 70 (such as a CMOS sensor array 
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developed, for example, be Lucent Technology, Inc.), a lens 
assembly 72 (or other optics) for focussing an image I on the 
sensor 70, and an integrated circuit 74 or "chip" coupled to 
the sensor 70 for preprocessing the sensor data as described 
previously. A cable, bus, or other communication link 76 5 

couples the digital camera to the digital processing system, 
and an image is developed on the video display or other 
output device. 

A digital camera system utilizing a camera module 78 is 
illustrated in FIG. 17. The module 78 includes a support 10 

such as a printed circuit board 80, a lens assembly 82, a 
sensor 84 aligned with the lens assembly 82, an encoder chip 
86 including the diagonal processing of the present 
invention, and other support and/or "glue" chips 88. For 15 
example, a support chip 88 can provide a Universal Serial 
Bus (USE) functionality. Alternatively, most or all of the 
support and "glue" functions can be integrated into the 
encoder chip 86. The module 78 can be enclosed within any 
suitable enclosure 90, such as a camera body, the chassis of 20 

a personal computer, into a personal computer monitor (e.g. 
above the CRT), into a laptop computer, into a hand-held 
(e.g. "Palm" or PDA) computer, into a portable or land-line 
telephone, etc. 

The module 78 can be coupled to a digital processing 25 

system such as a personal computer motherboard 92. In this 
example, the module 78 can be coupled with a cable 94 to 
the USE port 96 of the personal computer motherboard 92. 
Alternatively, other ports, such as a serial port, parallel port, 30 
or a custom port provided by, for example, a plug-in card can 
be used to couple the module 78 to the motherboard 92. Still 
further, the module can be mounted directly onto the 
motherboard, or the components of the module 78 can be 
mounted directly on the motherboard. 35 

The motherboard 92 can be coupled to a network, as will 
be appreciated by those skilled in the art. It can also be 
coupled to a variety of peripherals, such as disk drive units, 
CD-ROM drives, DVD drives, monitors, keyboards, pointer 

40 
devices, etc. The network can include, for example, a local 
area network (LAN), a wide area network (WAN) such as 
the Internet, and/or other TPC/IP protocol networks. 

It should be noted that the electronic circuitry of the 
module, such as the encoder and USE, need not receive its 45 

digital input from a lens assembly and sensor array, as 
shown. For example, the encoder can be integrated into the 
motherboard or into a plug-in card attached to the 
motherboard, or can be coupled to one of the ports of the 

50 
motherboard, in order to transmit encoded (compressed) 
video signals received from, for example, a hard disk, 
CD-ROM, or DVD coupled to the motherboard as a periph
eral. A driver, typically stored as binary computer instruc
tions on a hard disk coupled to the motherboard, decodes 55 

(i.e. decompresses) encoded data created by the diagonal 
processing of the present invention. This driver is typically 
implemented in software, although it, like the encoder, can 
be implemented in hardware or firmware, as will be appre-
ciated by those skilled in the art. 

60 

Transverse DCT Model for Creating Address Generators 
The following is a description of the process by which the 

code for the green address generator is generated. The green 
address generator receives serially all of the green dots in the 65 
mosaic and loads them into a staging buffer. 8x8 blocks are 
constructed in the staging buffer. When a block is completed, 

10 
the green address generator signals that the block is com
pleted and it is emitted to the DCT. The portion of the buffer 
occupied by the emitted block is then reused by other 
incoming dots. 

The staging buffer is segmented into 8x8 blocks. Each 
8x8 block in the buffer is geometrically associated with a 
diamond shaped region in the image. Once all the dots in that 
diamond shaped region are collected, the block is complete. 
Note that some blocks do not contain 64 elements. Once the 
block is emitted, the associated memory is then associated 
with a new diamond shaped region below the previous one. 

Described below are a number of mathematical transfor
mations that are used to determine where the mapping 
between the green mosaic dots and the green block staging 
buffer. The coordinates are transformed, but the order is 
unchanged. This allows the model to establish a mapping 
between the "serial number" of the dots and where they end 
up in the green buffer. By analyzing this mapping, code is 
generated which mimics the transformations performed by 
the model. 

The model begins by generating a full CIF sized mosaic 
of pixels. No data is needed; only the positions of the pixels 
is generated. Two nested loops are used to generate the pixel 
positions. The outer loop generates the scan line number, 
and the inner loop generates the pixel number. The scan line 
number is referred to as j and the pixel number is referred to 
as i. It is important to note that the positions are generated 
in the same order as the sensor emits them. The pixel 
positions are represented as a stream of coordinate pairs. 
Each coordinate pair represents a single position in the 
mosaic. Each of the three colors is represented in this stream. 

In order to model the green machine, the red and blue 
positions must be filtered out so that only the green positions 
are present in the filtered stream. Each of the generated 
positions is evaluated to determine whether or not it is a 
green pixel. The means for evaluating whether or not a pixel 
is green is based on whether the respective values for i and 
j are even or odd. The logic used is as follows; (note that zero 
based indexes are used in these expressions): 

jlsOdd~~(J mod 2 .. 0) 

ilsOdd~~(i mod 2 .. 0) 

isGreen~~(ilsOdd.,jlsOdd). 

The stream is filtered such that only positions for which 
i and j result in a value of true for isGreen are permitted to 
pass through the filter. The number of positions in the data 
stream is thus reduced by half, since half of the dots in the 
mosaic are green. It should be noted that this filtering 
process results in a set of points that form a cross hatch 
pattern. Each green dot has four neighboring green dots 
juxtaposed diagonally. The edges are of course an exception: 
some green dots have less that four neighbors. Note that the 
distance between neighboring green dots Quxtaposed 
diagonally) is the square root of two. 

The data stream that contains only the positions of the 
green pixels is still ordered according to the order of the data 
emitted by the sensor. In preparation for a geometric rotation 
of the coordinate pairs, the coordinate pairs must be trans
lated so that the "origin" of the coordinate system is located 
at a position corresponding to a green dot. Recall that in the 
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upper left corner of the mosaic, the first pixel, at position 
(0,0) is blue. All red and blue pixels have of course been 
filtered out of the stream. It is adequate for the purposes of 
the model that the origin is centered on any green dot. In this 
model the first green dot is mapped to the origin. The first 5 

green dot is located at position (1,0). Thus, one must be 
subtracted from the x coordinate of every green dot in the 
filtered stream in order to translate the origin as follows: 

10 
translatedX~x-1 

translatedY~y 

12 
binY~Floor[y/8] 

Note that binX is sometimes negative. It is also possible 
to determine where within the 8x8 bin a given point will 
land: 

column~x-binX*8 

row~y-binY*8 

Since it is possible to generate the identity of the bin 
associated with a given dot, and the position within the bin, 
it is now possible to know where in the buffer the point will 
map to. Before this process takes place, a pass is made over 
the stream of points in order to count how many points land The resulting stream of coordinate pairs contains only 

green coordinate pairs that have been translated such that the 
origin is positioned at the first green dot. Next a rotation 
operation is performed. The data is rotated by 45 degrees 
clockwise around the origin. The formulae for rotation are 
shown below: 

15 in each bin. This is necessary because when the commands 
are generated the code for the green address generator, the 
command list must include "block done" commands which 
immediately follow the command for the last dot in a given 

rotatedX~Cos[theta+n/4]*distance 

rotatedY~Sin[theta+n/4]*distance 

20 block. A list of bins is generated, each containing a count of 
the dots in that 8x8 block. The maximum for the count is of 
course 64, but it is sometimes less, because the edge blocks 
are not fully populated. 

theta~A tan 2[y, x] Once the counting process is completed, it is finally 

"distance" represents the Euclidean distance between the 
origin and the unrotated point, computed using the 
Pythagorean theorem: 

25 possible to generate a command list for the green address 
generator. A second pass is initiated, which regenerates the 
stream of coordinate pairs. The pairs go through all of the 
same filters and transformations as before. For each coor-

distance=Y~ 
30 dinate pair of the resulting stream, a bin identity and position 

Note that the coordinate system used here has y increasing 
in the downward direction in order to be compatible with the 
scan line numbering used above, and is thus left handed. The 
rotation operation defined here results in a stream of rotated 35 

coordinate pairs corresponding to the position of the green 
dots in the original mosaic. 

At this point it is important to note that the juxtaposition 
of neighboring points has changed: neighboring points are 

40 
no longer positioned diagonally with respect to each other, 
but rather rectilinearly. Each green dot still has four neigh
boring green dots, but their positions are rectilinear with 
respect to each other. It should also be noted that the distance 
between two green dots (before and after rotation) is the 45 

square root of two. It should further be noted that the rotation 
causes many points to have negative values for x. 

The coordinate pairs have been transformed so that the 
green dots can be organized in a rectilinear grid. Before this 
can be done the data must be scaled so that the distance 50 

between neighboring points is one. To achieve this the points 
are scaled as follows: 

are generated. 
The code listing included herein (HAL) as Appendix B 

generates the coordinate pairs described above, and con
structs a finite state automaton that can generate the same 
coordinate pairs. The resulting finite state automaton uses 
only simple logic and arithmetic to achieve the same 
sequence of coordinate pairs. 

As will be clear to persons skilled in the art, the code 
listing included herein (HAL) can be easily adapted to 
different sensor mosaic geometries, simply by changing a 
few constants. In addition to generating a finite state automa
ton for the green address generator, HAL can be used to 
generate finite state automata for the red and blue address 
generators. 

It will therefore be appreciated that a method for auto
matically creating address generators in accordance with the 
present invention includes: generating original coordinate 
pairs specifying the original position of each element in a 
sensor mosaic; transforming said original coordinate pairs 
into a sequence of adjusted coordinate pairs which are 
rectilinearly juxtaposed; and generating a finite state 
automaton that mimics the sequence of adjusted coordinate 

scaledX~x/V2 

scaledY~y/v2 

55 pairs. The finite state automaton generates addresses that are 
used to route data into the appropriate locations in the RGB 
block buffers. 

Once this scaling operation is completed, the stream 
contains coordinate pairs where each coordinate is an 
integer, and the juxtaposition of geometrically neighboring 60 

points is rectilinear. At this point, it is possible to determine 
for each point which of the diamond shaped 8x8 regions it 
falls into. In the current rotated space, the diamond shaped 
regions are square. To identify which 8x8 region, or "bin" a 
particular point falls into, the following formulae are used: 65 

binX~Floor[x/8] 

While this invention has been described in terms of 
several preferred embodiments, it is contemplated that 
alternatives, modifications, permutations and equivalents 
thereof will become apparent to those skilled in the art upon 
a reading of the specification and study of the drawings. It 
is therefore intended that the following appended claims 
include all such alternatives, modifications, permutations, 
and equivalents as fall within the true spirit and scope of the 
present invention. 
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APPENDIX A 

The method named "grinder" takes 2 blocks and reassigns the x and y coordinates of each 
pixel within the block to get 2 diagonal preprocessing blocks. 

5 After reassigning the address of every pixel to that of a Diagonal Preprocessing block, the 
new blocks are sent on to be compressed. 

The following is a working lookup table that utilizes the BG method to implement 
Diagonal Processing of the present invention. 

10 public void grinder(Block gl, Block g2) 
{ 

Block newG 1 =new Block(gl .color); 
Block newG2 = new Block(g2.color); 

15 newG I.number = g I.number; 
newG2.number = g2.number; 

20 

25 

newGl.values[O][O] = gl.values[3][0]; 
newGl.values[O][l] = g2.values[4][0]; 
newGl.values[0][2] = gl.values[4][1]; 
newGl.values[0][3] = g2.values[5][1]; 
newGl.values[0][4] = gl.values[5][2]; 
newGl.values[0][5] = g2.values[6][2]; 
newGl.values[0][6] = gl.values[6][3]; 
newG l .values[0][7] = g2.values[7][3]; 

newGl.values[l][O] = g2.values[3][0]; 
newGl.values[l][l] = gl.values[3][1]; 
newGl.values[l][2] = g2.values[4][1]; 

30 newGl.values[1][3] = gl.values[4][2]; 
newGl.values[1][4] = g2.values[5][2]; 
newG1.values[1][5] = gl.values[5][3]; 
newG1.values[l][6] = g2.values[6][3]; 
newGl.values[l][7] = gl.values[6][4]; 

35 
newGl.values[2][0] = gl.values[2][1 ]; 
newGl.values[2][1] = g2.values[3][1]; 
newGl.values[2][2] = gl.values[3][2]; 
newGl.values[2][3] = g2.values[4][2]; 

40 newGl.values[2][4] = gl.values[4][3]; 
newG1.values[2][5] = g2.values[5][3]; 
newGl.values[2][6] = gl.values[5][4]; 
hewGl.values[2][7] = g2.values[6][4]; 

45 newGl.values[3][0] = g2.values[2][1]; 
newG l.values[3][1] = gl.values[2][2]; 
newGl.values[3][2] = g2.values[3][2]; 
newG1.values[3][3] = gl.values[3][3]; 
newGl.values[3][4] = g2.values[4][3]; 

50 newGl.values[3][5] = gl.values[4][4]; 

,. \ 
.A.\ 
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newGl.values[3][6] = g2.values[5][4]; 
newGl.values[3][7] = gl.values[5][5]; 

newG1.values[4][0] = gl.values[l][2]; 
5 newGl.values[ 4][1] = g2.values[2][2]; 

newGl.values[ 4][2] = gl.values[2][3]; 
newG1.values[4][3] = g2.values[3][3]; 
newGl.values[4][4] = gl.values[3][4]; 
newG1.values[4][5] = g2.values[4][4]; 

10 newGl.values[4][6] = gl.values[4][5]; 
newG I.values[ 4][7] = g2.values[5][5]; 

newG1.values[5][0] = g2.values[l][2]; 
newG1.values[5][1] = gl.values[1][3]; 

15 newGl.values[5][2] = g2.values[2][3]; 
newGl.values[5][3] = gl.values[2][4]; 
newGl.values[5][4] = g2.values[3][4]; 
newGl.values[5][5] = gl.values[3][5]; 
newGl.values[5][6] = g2.values[4][5]; 

20 newGl.values[5][7] = gl.values[4][6]; 

newGl.values[6][0] = gl.values[0][3]; 
newGl.values[6][1] = g2.values[1][3]; 
newGl.values[6][2] = gl.values[l][4]; 

25 newGl.values[6][3] = g2.values[2][4]; 
newGl.values[6][4] = gl.values[2][5]; 
newG l.values[6][5] = g2.values[3][5]; 
newG l.values[6][6] = gl.values[3][6]; 
newGl.values[6][7] = g2.values[4][6]; 

30 
newGl.values[7][0] = g2.values[0][3]; 
newGl.values[7][1] = gl.values[0][4]; 
newGl.values[7][2] = g2.values[l][4]; 
newG1.values[7][3] = gl.values[l][S]; 

35 newG1.values[7][4] = g2.values[2][5]; 
newGl.values[7][5] = gl.values[2][6]; 
newGl.values[7][6] = g2.values[3][6]; 
newG 1.values[7][7] = gl .values[3][7]; 

40 newG2.values[O][O] = g2.values[O][ 4]; 
newG2.values[O][I] = gl.values[0][5]; 
newG2.values[0][2] = g2.values[1][5]; 
newG2.values[0][3] = gl.values[l][6]; 
newG2.values[0][4] = g2.values[2][6]; 

45 newG2.values[0][5] = gl.values[2][7]; 
newG2.values[0][6] = g2.values[3][7]; 
newG2.values[0][7] = g2.values[4][7]; 

newG2.values[l][O] = g2.values[0][2]; 
50 newG2.values[l][l] = g2.values[0][5]; 

newG2.values[1][2] = gl.values[0][6]; 
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newG2.values[l][3] = g2.values[1][6]; 
newG2.values[l ][ 4] = gl.values[1][7]; 
newG2.values[l][5] = g2.values[2][7]; 
newG2.values[l][6] = g2.values[5][7]; 

5 newG2.values[1][7] = gl.values[4][7]; 

newG2.values[2][0] = gl.values[0][2]; 
newG2.values[2][1] = g2.values[O][l]; 
newG2.values[2][2] = g2.values[0][6]; 

10 newG2.values[2][3] = gl.values[0][7]; 
newG2.values[2][ 4] = g2.values[ l ][7]; 
newG2.values[2][5] = g2.values[6][7]; 
newG2.values[2][6] = gl .values[5][7]; 
newG2.values[2][7] = g2.values[5][6]; 

15 
newG2.values[3][0] = g2.values[l][l]; 
newG2.values[3][1] = gl.values[O][l]; 
newG2.values[3][2] = g2.values[O][O]; 
newG2.values[3][3] = g2.values[0][7]; 

20 newG2.values[3][4] = g2.values[7][7]; 
newG2.values[3][5] = gl .values[6][7]; 
newG2.values[3][6] = g2.values[6][6]; 
newG2.values[3][7] = gl .values[5][6]; 

25 newG2.values[4][0] = gl.values[IJ[l]; 
newG2.values[4][1] = g2.values[l][O]; 
newG2.values[ 4][2] = gl .values[O][O]; 
newG2.values[4][3] = gl.values[7][0]; 
newG2.values[4][4] = gl.values[7][7]; 

30 newG2.values[4][5] = g2.values[7][6]; 
newG2.values[4][6] = gl.values[6][6]; 
newG2.values[4][7] = g2.values[6][5]; 

newG2.values[5][0] = g2.values[2][0]; 
35 newG2.values[5][1] = gl.values[l][O]; 

newG2.values[5][2] = gl.values[6][0]; 
newG2.values[5][3] = g2.values[7][0]; 
newG2.values[5][4] = gl.values[7][1]; 
newG2.values[5][5] = gl.values[7][6]; 

40 newG2.values[5][6] = g2.values[7][5]; 
newG2.values[5][7] = gl.values[6][5]; 

newG2.values[6][0] = gl.values[2][0]; 
newG2.values[6][1] = gl .values[S][O]; 

45 newG2.values[6][2] = g2.values[6][0]; 
newG2.values[6][3] = gl.values[6][1]; 
newG2.values[6][4] = g2.values[7][1]; 
newG2.values[6][5] = gl .values[7][2]; 
newG2.values[6][6] = gl .values[7][5]; 

50 newG2.values[6][7] = g2.values[7][4]; 
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newG2.values[7)[0] = gl.values[ 4][0]; 
newG2.values[7][1] = g2.values[5][0]; 
newG2.values[7][2] = gl.values[5][1]; 
newG2.values[7][3] = g2.values[6][1]; 

5 newG2.values[7][4] = gl.values[6][2]; 
newG2.values[7][5] = g2.values[7][2]; 
newG2.values[7][6] = gl.values[7][3]; 
newG2.values[7][7] = gl.values[7][4]; 

10 
int block![][]= new int[8][8]; 
int block2[][] =new int[8][8]; 

for (inti= O; i < 8; i++) 
15 { 

for (int j = O; j < 8; j++) 
{ 

A4 

block! [i][j] = getSignExtendedBlobValue(newG l .values[i][j]); 
block2[i][j] = getSignExtendedBlobValue(newG2.values[i][j]); 

20 

25 

block! = dct.forwardDCT(blockl ); 
block2 = dct.forwardDCT(block2); 

for (inti= O; i < 8; i++) 
{ 

for(intj =O;j <8;j++) 
{ 

30 newGl.values[i][j] = changeValue( newGl.values[i][j], blockl[i][j] ); 
newG2.values[i][j] = changeValue( newG2.values[i][j], block2[i][j] ); 

} 
quantizer(newG I); 

35 quantizer(newG2); 

20 

Once compression and decompression have taken place, the blocks are then fed through the 
inverse lookup table, in this case a method called "unGrinder", and reassembled back into their 

40 original coordinates within the block. 

public void unGrinder(Block newG I, Block newG2) 
{ 

Block g I = new Block(newG I .color); 
45 Block g2 =new Block(newG2.color); 

g I .number = newG I .number; 
g2.number = newG2.number; 

50 gl.values[3][0] = newGl.values[O][O]; 
g2.values[4][0] = newGl.values[O][l]; 

Case 6:14-cv-00296   Document 1-2   Filed 04/23/14   Page 5 of 25 PageID #:  52



US 6,690,731 Bl 
21 22 

A5 

gl.values[4][1] = newGl.values[0][2]; 
g2.values[5][1] = newGl.values[0][3]; 
gl.values[5][2] = newGl.values[O][ 4]; 
g2.values[6][2] = newGl.values[0][5]; 

5 gl.values[6][3] = newG1.values[0][6]; 
g2.values[7][3] = newG1.values[0][7]; 

g2.values[3][0] = newGl.values(l](O]; 
gl .values[3][1] = newG 1.values[l ][l]; 

10 g2.values[ 4][1] = newG 1.values[l ][2]; 
gl.values[4][2] = newG 1.values[1][3]; 
g2.values[5][2] = newG1.values[1][4]; 
gl.values[5][3] = newG 1.values[l][S]; 
g2.values[6][3] = newGl.values[l ][6]; 

15 gl.values[6][4] = newG1.values[1][7]; 

gl.values[2][1] = newG1.values[2][0]; 
g2.values[3][1] = newG1.values[2][1]; 
g 1. values[3] [2] = newG 1. values[2] [2]; 

20 g2.values[4][2] = newG1.values[2][3]; 
gl .values[4][3] = newG1.values[2][4]; 
g2.values[5][3] = newG 1.values[2][5]; 
gl.values[5][4] = newG1.values[2][6]; 
g2.values[6][4] = newGl.values[2][7]; 

25 
g2.values[2][1] = newG1.values[3][0]; 
gl.values[2][2] = newG1.values[3][1]; 
g2.values[3][2] = newG l .values[3][2]; 
gl.values[3][3] = newGl.values[3][3]; 

30 g2.values[4][3] = newG1.values[3][4]; 
gl.values[4][4] = newG1.values[3][5]; 
g2.values[5][4] = newGl.values[3][6]; 
gl.values[5][5] = newG1.values[3][7]; 

35 gl.values[1][2] = newGl.values[4][0]; 
g2.values[2][2] = newG l.values[4][1]; 
gl.values[2][3] = newG 1.values[4][2]; 
g2.values[3][3] = newG1.values[4][3]; 
gl.values[3][4] = newG1.values[4][4]; 

40 g2.values[4][4] = newGl.values[ 4][5]; 
gl.values[4][5] = newGl.values[4][6]; 
g2.values[5][5] = newG1.values[4][7]; 

g2.values[1][2] = newGl.values[5][0]; 
45 gl.values[1][3] = newG1.values[5][1]; 

g2.values[2][3] = newG1.values[5][2]; 
gl.values[2][4] = newGl.values[5][3]; 
g2.values[3][ 4] = newG1.values[5][4]; 
gl.values[3][5] = newG 1.values[5][5]; 

50 g2.values[4][5] = newG1.values[5][6]; 
gl.values[4][6] = newG1.values[5][7]; 
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gl .values[0][3] = newG 1.values[6][0]; 
g2.values[1][3] = newG1.values[6][1]; 
gl.values[1][4] = newG1.values[6][2]; 

5 g2.values[2][4] = newG1.values[6][3]; 
gl.values[2][5] = newG1.values[6][4]; 
g2.values[3][5] = newG 1.values[6][5]; 
gl.values[3][6] = newG 1.values[6][6]; 
g2.values[4][6] = newG1.values[6][7]; 

10 
g2.values[0][3] = newG1.values[7][0]; 
gl.values[0][4] = newG1.values[7][1]; 
g2.values[1][4] = newG1.values[7][2]; 
gl.values[1][5] = newG1.values[7][3]; 

15 g2.values[2][5] = newGl.values[7][4]; 
gl.values[2][6] = newG1.values[7][5]; 
g2.values[3][6] = newGl.values[7][6]; 
gl.values[3][7] = newG1.values[7][7]; 

20 g2.values[0][4] = newG2.values[O][O]; 
gl.values[0][5] = newG2.values[O][l]; 
g2.values[1][5] = newG2.values[0][2]; 
gl.values[1][6] = newG2.values[0][3]; 
g2.values[2][6] = newG2.values[0][4]; 

25 gl .values[2][7] = newG2.values[0][5]; 
g2.values[3][7] = newG2.values[0][6]; 
g2.values[4][7] = newG2.values[0][7]; 

g2.values[0][2] = newG2.values[l ][0]; 
30 g2.values[0][5] = newG2.values[i ][1 ]; 

gl.values[0][6] = newG2.values[1][2]; 
g2.values[1][6] = newG2.values[1][3]; 
gl.values[1][7] = newG2.values[1][4]; 
g2.values[2][7] = newG2.values[1][5]; 

35 g2.values[5][7] = newG2.values[1][6]; 
gl.values[4][7] = newG2.values[l ][7]; 

gl.values[0][2] = newG2.values[2][0]; 
g2.values[O][l] = newG2.values[2][1]; 

40 g2.values[0][6] = newG2.values[2][2]; 
gl .values[0][7] = newG2.values[2][3]; 
g2.values[1][7] = newG2.values[2][4]; 
g2.values[6][7] = newG2.values[2][5]; 
gl.values[5][7] = newG2.values[2][6]; 

45 g2.values[5][6] = newG2. values[2][7]; 

g2.values[l][l] = newG2.values[3][0]; 
gl .values[O][l] = newG2.values[3][1]; 
g2.values[O][O] = newG2.values[3][2]; 

50 g2.values[0][7] = newG2.values[3][3]; 
g2.values[7][7] = newG2.values[3][4]; 
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gl .values[6][7] = newG2.values[3][5]; 
g2.values[6][6] = newG2.values[3][6]; 
gl.values[5][6] = newG2.values[3][7]; 

5 gl.values[l][l] = newG2.values[4][0]; 
g2.values[l][O] = newG2.values[4][1]; 
gl.values[O][O] = newG2.values[4][2]; 
gl.values[7][0] = newG2.values[4][3]; 
gl.values[7][7] = newG2.values[4][4]; 

10 g2.values[7][6] = newG2.values[4][5]; 
gi.values[6][6] = newG2.values[4][6]; 
g2.values[6][5] = newG2.values[4][7]; 

g2.values[2][0] = newG2.values[5][0]; 
15 gl.values[l][O] = newG2.values[5][1]; 

gl.values[6][0] = newG2.values[5][2]; 
g2.values[7][0] = newG2.values[5][3]; 
gl.values[7][1] = newG2.values[5][4]; 
gl.values[7][6] = newG2.values[5][5]; 

20 g2.values[7][5] = newG2.values[5][6]; 
gl.values[6][5] = newG2.values[5][7]; 

25 

30 

gl.values[2][0] = newG2.values[6][0]; 
gl.values[5][0] = newG2.values[6][1]; 
g2.values[6][0] = newG2.values[6][2]; 
gl.values[6][1] = newG2.values[6][3]; 
g2.values[7][1] = newG2.values[6][4]; 
gl.values[7][2] = newG2.values[6][5]; 
gl.values[7][5] = newG2.values[6][6]; 
g2.values[7][ 4] = newG2.values[6][7]; 

gl.values[4][0] = newG2.values[7][0]; 
g2.values[5][0] = newG2.values[7][1 ]; 
gl .values[5][1] = newG2.values[7][2]; 

35 g2.values[6][1] = newG2.values[7][3]; 
gl.values[6][2] = newG2.values[7][4]; 
g2.values[7][2] = newG2.values[7][5]; 
gl .values[7][3] = newG2.values[7][6]; 
gl .values[7][4] = newG2.values[7][7]; 

40 
arrangelmage(g 1 ); 
arrangelmage(g2); 

A7 

26 

45 Once the blocks have been rearranged back to their original state, they can be sent on for further 
processing. In this case, they are sent to an array, which is later used for interpolation into a final 
image. 
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APPENDIXB 

import j ava.awt. *; 
5 importjava.io.*; 

import java.util. *; 

public class Hal 
10 { 

II BlockDemux 
11 AddressGenerator 

15 static String product="BlockDemux"; 

static int colorSpec = O; II r=O g=l b=2 
static double rotation[]= { 0.0, Math.acos(-1)/4, 0.0 }; 

20 static double preRotationXShift[] = { -1.0, -1.0, 0.0 } ; 
static double preRotationYShift[] = { -1.0, 0.0, 0.0 }; 

28 

static double postRotationScaleFactor[] = { 1.0/2.0, 1.0/Math.sqrt(2), 1.0/2.0 } ; 

25 static double postRotationXShift[] = { 0.0, 0.0, 0.0 }; 
static double postRotationYShift[] = { -4.0, 4.0, 0.0 } ; 

static String name[]= {"Red", "Green", "Blue"}; 

30 //static Stringjavalnt ="long"; 
//static StringjavaFinal = "con~t"; 
//static StringjavaBoolean = "bool"; 
//static StringjavaThrow ="goto executedAState;"; 

35 static String javalnt ="int"; 
static String javaFinal = "final"; 
static StringjavaBoolean ="boolean"; 
static StringjavaThrow ="throw new Exception();"; 

40 public static boolean instrumentation=true; 

public static int numSequences = O; 

static Sequence topLevelStatements =new Sequence(); 
45 

static void emitStatement(Line a) 
{ 

Hal. topLevelStatements. takeLine( a); 

50 
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B2 

5 {"blockDoneRelative","bdr"} 
}; 

static String Translate(String a) 
{ 

10 for (inti= O; i<suffixes.length; i++) 
{ 

if (a.compareTo( suffixes[i][O] ) = 0) return suffixes[i][l]; 

15 return a; 

static int TranslateAccumulator(int a) 
20 { 

25 

30 

35 

40 

int block = a/64; 
int ace = a%64; 
return Hal. TranslateB!ock(block)*64+acc; 

static void FreeBlock(int a) 
{ 

outputPoo!OfBlocks[Hal. TranslateBlock( a)] = -1; 

static int outputPoolOfBlocks[] =new int[ I 00]; 

static 

for (inti= O; i<outputPoo!OfB!ocks.length; i++) 
{ 

outputPoo!OfB!ocks[i] = -1; 

static int TranslateBlock(int a) 
45 { 

50 

for (int i=O; i<outputPoo!OfBlocks.length; i++) 
{ 

if (outputPoo!OfBlocks[i]=a) return i; 

II The block number was not found, so allocate one. 

30 
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for (int i=O; i<outputPoolOfBlocks.length; i++) 
{ 

if(outputPoolOfBlocks[i]==-1) 
5 { 

outputPoolOfBlocks[i] =a; 
return i; 

10 
return -777777; 

15 Hal(int w, int h) 
{ 

20 
sensorMosaicWidth = w; 
sensorMosaicHeight = h; 

listOfBlocks =new Block[4000]; 
25 numBlocks = O; 

outputPoo!OfBlocks =new int[lOO]; 
for (int i=O; i<outputPoo!OfBlocks.length; i++) 

30 { 

35 

outputPoo!OfBlocks[i]=-1; 

11 clear our statics 

uniqueDeltasForMosaicSamples = new Vector(); 
uniqueDeltasForBlockDones =new Vector(); 

40 uniqueLoopLimits =new Vector(); 

uniqueNothing =new Vector(); 

45 currentGreen = O; 
currentBlock = O; 

aLooper = new Looper( 1, 0, null, 300, true ); 

50 

32 
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int sensorMosaicWidth; 
int sensorMosaicHeight; 

static int currentGreen; 
static int currentBlock; 
static PrintStream fPrintStream; 
static Looper aLooper; 

Block[] listOfBlocks; 
int numB!ocks; 

B4 

public static Vector uniqueDeltasForMosaicSamples; 
public static Vector uniqueDeltasForBlockDones; 

20 public static Vector uniqueLoopLimits; 
public static Vector uniqueNothing; 

25 

30 

35 

40 

45 

50 

public static int pcMax[] =new int[lOOO]; 

static int indexOfNumberlnSpecifiedVector( int number, Vector v ) 
{ 

boolean found= false; 
int whereF ound = -1; 

for (inti= O; i<v.size(); i++) 
{ 

if ( ((Integer) v.elementAt(i) ).intValue() ==number) 
{ 

found = true; 
whereFound = i; 
break; 

if(!found) 
{ 

whereFound = v.size(); 
v.addElement( new Integer(number) ); 

34 
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return whereFound; 

public static void main(String args[]) 
{ 

Hal a = new Hal( 640, 480 ); 
a.run(); 

BS 

36 

15 void MakeAddressGenerator() 

20 

25 

30 

35 

40 

45 

50 

{ 

Strings= new String(Hal.name[Hal.colorSpec ]+"Machine.java"); 

try { 

} 

File aFile =new File(s); 
boolean delete Worked= aFile.delete(); 

PrintStream o =new PrintStream(new FileOutputStream(s)); 
fPrintStream = o; 

catch (IOException e) { 
System.err.println( e ); 

for (int pass = O; pass<2; pass++) 
{ 

for (int j=O; j<sensorMosaicHeight; j++) 
{ 

if (pass== 1) Hal.aLooper.eat(new BeginScanLine( "beginScanLine'', 
0, Hal.uniqueNothing )); 

for (int i=O; i<sensorMosaicWidth; i++) 
{ 

boolean ilsOdd = (i%2) != O; 
booleanjlsOdd = (j%2) != O; 

boolean isRed = ilsOdd && jlsOdd; 
boolean isBlue = (!ilsOdd) && (!jlsOdd); 
boolean isGreen = ilsOdd != jlsOdd; 

int colorOIThisCell=-1; 

Case 6:14-cv-00296   Document 1-2   Filed 04/23/14   Page 13 of 25 PageID #:  60



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

37 
US 6,690,731 Bl 

B6 

if(isRed)colorOIThisCell = O; 
if (isGreen)colorOIThisCell = 1; 
if(isBlue)colorOIThisCell = 2; 

if ( colorOIThisCell = Hal.colorSpec ) 
{ 

Point a = new Point(); 
a.x = i; 
a.y= j; 

a.preRotationShift(); 
a.rotate(); 
a.postRotationScale(); 
a. postRotationShift(); 

a.x = Math.round(a.x); 
a.y = Math.round(a.y); 

llSystem.out.println(a.x+" "+a.y); 

int blockNumber; 
if (pass == 0) 
{ 

38 

blockNumber = checkPoint(a, true); 

else 

blockNumber = checkPoint(a, false); 

if (blockNumber != -1 && blockNumber == 0) 
{ 

llgetGraphics().drawString("("+greenOnlyMosaicI+" ,"+greenOnlyMosaicJ+")", i*20+ 10, 
j*20+ 10); 

11 getGraphics().drawString(" (" +greenOnlyMosaicI+'', ''+greenOnlyMosaicJ+")", 
a.iWithinDestinationBlock*30+ 250, a.jWithinDestinationBlock*30+ 1 O); 

} 

} 
if(pass = 1) Hal.aLooper.eat(new EndScanLine( "endScanLine'', 0, 

Hal.uniqueNothing )); 
} 
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Hal.aLooper.eat(new EndMosaic( "endMosaic", 0, Hal.uniqueNothing )); 

aLooper.flush(); 

Hal.fPrintStream.println("import java.awt. *; "); 
Hal.fPrintStream.println("import java.io. * ;"); 
Hal.fPrintStream. println("import j ava. util. *; "); 

10 Hal.fPrintStream.println("class "+Hal.name[Hal.colorSpec ]+"Machine extends 

15 

20 

25 

AddressGenerator''); 
Hal.fPrintStream.println(" {"); 

Hal.fPrintStream.println("\tpublic static void main(String args[])"); 
Hal.fPrintStream.println("\t {try{"); 
Hal.fPrintStream.println("\t\t"+Hal.name[Hal.colorSpec ]+"Machine a= new 

"+Hal.name[Hal.colorSpec ]+"Machine();"); 

Hal.fPrintStream.println("\t\tPrintStream p =new PrintStream(new 
FileOutputStream(\""+Hal.name[Hal.colorSpec ]+" .txt\") ); "); 

Hal. fPrintStream.println("\t\tint dotindex=O; "); 

Hal.fPrintStream.println("\t\tfor (int j=O; j<"+sensorMosaicHeight+"; j++)"); 
30 Hal.fPrintStream.println("\t\t{"); 

Hal.fPrintStream.println("\t\t\tfor (int i=O; i<"+sensorMosaicWidth+"; i++)"); 
Hal. fPrintStream. println("\t\t \t { "); 

Hal.fPrintStream.println("\t\t\t\t"+Hal.javaBoolean+" ilsOdd = (i%2) != 0;"); 
35 Hal.fPrintStream.println("\t\t\t\t"+Hal.javaBoolean+" jlsOdd = G%2) != O;"); 

Hal.fPrintStream.println("\t\t\t\t"+Hal.javaBoolean+" isRed = ilsOdd && jlsOdd;"); 
Hal.fPrintStream.println("\t\t\t\t"+Hal.javaBoolean+" isBlue = (!ilsOdd) && (!jlsOdd);"); 
Hal.fPrintStream.println("\t\t\t\t"+Hal.javaBoolean+" isGreen = ilsOdd != jlsOdd;"); 

40 Hal.fPrintStream. println("\t\t\t\tif (is"+ Hal.name[Hal.colorSpec ]+") ''); 

Hal.fPrintS tr earn. println("\t\t\t\t { "); 

Hal.fPrintStream.println("\t\t\t\t\tp.print(\"i = \" + i + \" j = \" + j + \" dotlndex = \" + 
45 dotlndex ); "); 

50 

Hal. fPrintS tr earn. println("\t\t\t\t\ta. getN extOutput();" ); 
Hal.fPrintStream.println("\t\t\t\t\tp.print(\" Address=\"+ a.address);"); 

Hal.fPrintStream. println("\t\t\t\t\tif (a. bReady)"); 
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Hal.fPrintStream. println("\t\t\t\t\t { "); 
Hal.fPrintStream.println("\t\t\t\t\t\tp.print(\" Block\"+ a.blockAddress +\"done\");"); 
Hal.fPrintStream.println("\t\t\t\t\t\ta.getNextOutput();"); 
Hal.fPrintStream. println("\t\t\t\t\t} ''); 

5 
Hal.fPrintStream.println("\t\t\t\t\tp.println(\" \");"); 

Hal.fPrintStream. println("\t\t\t\t} "); 

I 0 Hal.fPrintStream.println("\t\t\t\tdotlndex++; "); 

Hal.fPrintStream.println("\t\t\t} "); 
Hal.fPrintStream.println("\t\t} "); 

15 Hal.fPrintStream.println("\t} catch(Exception e ){ System.out.println( e ); } } "); 

Hal.fPrintStream.println("\tvoid executeOneState()"); 
Hal.fPrintStream. println("\t {"); 
Hal.fPrintStream.println("\t\taReady=false;"); 

20 Hal.fPrintStream.println("\t\tbReady=false;"); 

Hal.fPrintStream.println("\t\ttry {"); 

Hal.topLeve1Statements.print(3); 
25 Hal. pc Max[ I]= Hal. topLeve!Statements. statementCount; 

30 

Hal.fPrintStream.println("\t\t} catch (Exception e){} "); 
Hal.fPrintStream.println("\t} "); 

for (int i=l; i<=Hal.numSequences; i++) 
{ 

Hal.fPrintStream.println(" "+Hal.javaint+" pc"+i+" = O; II 
(int) Math.ceil(Math.log(pcMax[i]+l)IMath.log(2)) )-1 ) +":O]" ); 

35 } 

for (int i=O; i<Hal.uniqueDeltasForMosaicSamples.size(); i++) 
{ 

40 Hal.fPrintStream.println(" "+Hal.javaFinal+" "+Hal.javaint+" 

45 

k"+i+Hal.Translate("accumulatorRelative")+" =" 
+Hal.uniqueDeltasForMosaicSamples.elementAt(i)+";" ); 

} 

for (int i=O; i<Hal.uniqueDeltasForBlockDones.size(); i++) 
{ 

Hal.fPrintStream.println(" "+Hal.javaFinal+" "+Hal.javalnt+" 
k"+i+Hal.Translate("blockDoneRelative")+" = " 

50 +Hal.uniqueDeltasForBlockDones.elementAt(i)+";" ); 
} 

["+ (( 
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for (int i=O; i<Hal.uniqueLoopLimits.size(); i++) 
{ 

44 

5 HaLfPrintStream.println(" "+HaLjavaFinal+" "+Hal.javalnt+" limit"+i+" =" + 

10 

15 

20 

25 

30 

35 

40 

45 

50 

((Integer) HaLuniqueLoopLimits.elementAt(i) ).intValue() +";" ); 
Hal.fPrintStream.println(" "+HaLjavaFinal+" "+Hal.javalnt+" max"+i+" = " + 

(((Integer) Hal.uniqueLoopLimits.elementAt(i) ).intValue()-1) +";" ); 
} 

HaLfPrintStream.println("\t"+Hal.javalnt+" i 1 ;"); 
Hal.fPrintStream.println("\t"+HaLjavalnt+" i2;"); 
Hal.fPrintStream. println("\t"+Hal.j avaint+" i3; "); 
HaLfPrintStream.println("\t"+HaLjavaint+" i4;"); 

Hal.fPrintStream.println("\tvoid blockReady() {bReady=true;} "); 
HaLfPrintStream.println("\tvoid addressReady() { aReady=true;} "); 

HaLfPrintStream.println("\t"+Hal.name[Hal.colorSpec ]+"Machine() {pc I= 1;} "); 

HaLfPrintStream.println("} "); 

Hal.fPrintStream.close(); 
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10 void MakeBlockDemux() 
{ 

15 

20 

25 

30 

int currentColor = O; 
int color= O; 

Strings= new String("BlockDemux.java"); 

try { 
File aFile =new File(s); 
boolean deleteWorked = aFile.delete(); 

46 

35 PrintStream o =new PrintStream(new FileOutputStream(s)); 
fPrintStream = o; 

40 

} 
catch (IOException e) { 

System.err.println( e ); 

45 RedMachine rm =new RedMachine(); 
GreenMachine gm= new GreenMachine(); 
BlueMachine bm = new BlueMachine(); 

rm.getNextOutput(); 
50 gm.getNextOutput(); 

bm.getNextOutput(); 
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for (int j=O; j<sensorMosaicHeight; j++) 
{ 

for (int i=O; i<sensorMosaicWidth; i++) 
{ 

boolean ilsOdd = (i%2) != O; 
booleanjisOdd = (j%2) != O; 

boolean isRed = ilsOdd && jlsOdd; 
boolean isBlue = (!ilsOdd) && (!jisOdd); 
boolean isGreen = ilsOdd != jisOdd; 

AddressGenerator a = rm; 

if (isRed) 
{ 

a=rm; 
color= O; 

if (isGreen) 
{ 

a=gm; 
color= 1; 

if (isBlue) 
{ 

a=bm; 
color= 2; 

//System.out.print("i = " + i + "j = " + j ); 
//System.out.print(" Address="+ a.address); 
a.getNextOutput(); 

if(a.bReady) 
{ 

48 

//System.out.println(" Block " + a.blockAddress + " done 
11); 

40 System.out.println( color); 
int delta= color-currentColor; 
currentColor = color; 

Hal.aLooper.eat(new AccumulatorRelativeLine( 
"accumulatorRelative'', delta, Hal.uniqueDeltasForMosaicSamples )); 

45 a.getNextOutput(); 

} 
Hal.aLooper.eat(new EndMosaic( "endMosaic", 0, Hal.uniqueNothing )); 

50 Hal.aLooper.flush(); 
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HaLfPrintStream.println("import java.awt. *;"); 
Hal.fPrintStream.println("import java.io. *;"); 

5 HaLfPrintStream.println("import java. utiL * ;"); 
HaLfPrintStream.println("class DemuxMachine extends AddressGenerator"); 
HaLfPrintStream.println(" {"); 

IO 

15 

20 

25 

30 

Hal.fPrintStream.println("\tvoid executeOneState()"); 
Hal.fPrintStream.println("\t { "); 
HaLfPrintStream.println("\t\taReady=false;"); 
Hal.fPrintStream.println("\t\tbReady=false;"); 

HaLfPrintStream.println("\t\ttry {"); 

HaLtopLeve!Statements.print(3); 
Hal.pcMax[ 1 ]=Hal.topLeve!Statements.statementCount; 

Hal.fPrintStream.println("\t\t} catch (Exception e ){} "); 
Hal.fPrintStream.println("\t} "); 

for (int i=l; i<=Hal.numSequences; i++) 
{ 

Hal.fPrintStream.println(" "+Hal.javalnt+" pc"+i+" = O; II 
(int) Math.ceil(Math.log(pcMax[i]+l)/Math.log(2)) )-1 ) +":O]" ); 

} 

for (int i=O; i<Hal.uniqueDeltasForMosaicSamples.size(); i++) 
{ 

HaLfPrintStream.println(" "+HaLjavaFinal+" "+HaLjavaint+" 
35 k"+i+Hal.Translate("accumulatorRelative")+" =" 

+Hal.uniqueDeltasForMosaicSamples.elementAt(i)+";" ); 
} 

40 for (int i=O; i<Hal.uniqueDeltasForB!ockDones.size(); i++) 
{ 

Hal.fPrintStream.println(" "+Hal.javaFinal+" "+Hal.javaint+" 
k"+i+Hal.Translate("blockDoneRelative")+" = " 
+Hal. uniqueDeltasF orB!ockDones.elementAt(i)+";" ); 

45 } 

for (int i=O; i<Hal.uniqueLoopLimits.size(); i++) 
{ 

[" + (( 

50 HaLfPrintStream.println(" "+HaLjavaFinal+" "+Hal.javalnt+" limit"+i+" = " + 
((Integer) HaLuniqueLoopLimits.elementAt(i) ).intValue() +";" ); 
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Hal.fPrintStream.println(" "+Hal.javaFinal+" "+Hal.javaint+" max"+i+" = " + 
(((Integer) Hal.uniqueLoopLimits.elementAt(i) ).intValue()-1) +";" ); 

} 

5 Hal.fPrintStream.println("\t"+Hal.javaint+" i 1 ;"); 
Hal.fPrintStream.println("\t"+Hal.javaint+" i2;"); 
Hal.fPrintStream.println("\t"+Hal.javaint+" i3;"); 
Hal.fPrintStream.println("\t"+Hal.javaint+" i4;"); 

10 Hal.fPrintStream.println("\tvoid blockReady() {bReady=true;} "); 
Hal.fPrintStream.println("\tvoid addressReady() { aReady=true;} "); 

15 Hal.fPrintStream.println("\t"+Hal.name[Hal.colorSpec ]+"Machine() {pc I= I;}"); 

Hal.fPrintStream.println("} "); 

20 
Hal.fPrintStream.close(); 

25 

30 

35 

40 

45 

50 
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5 

10 

public void run() 
15 { 

20 

25 

30 

35 

40 

45 

50 

if (Hal.product.equals("BlockDemux")) MakeBlockDemux(); 
if (Hal. product.equals(" AddressGenerator")) MakeAddressGenerator(); 

} 

int checkPoint(Point a, boolean firstPass) 
{ 

for (inti= O; i<numBlocks; i++) 
{ 

Block aParticularBlock = listOfBlocks[i]; 
if( aParticularBlock.isThisPointWithinMe(a,firstPass)) return i; 

II This point did not fall in a block, so create one. 

double x = a.x; 
double y = a.y; 

II slide the point away from the comer so that it is in the interior 
II this has the effect of making some points that don't belong 
II drop off the bottom and right. 

x=x+.5; II fudge 
y=y+.5; 

II convert to onesville coordinate system 

double onesVilleX = x/Block.lengthOfASideOfABlock; 
double onesVilleY = y/Block.lengthOfASideOfABlock; 

//lop off the fractional part. 

double onesVilleComerX = Math.floor(onesVilleX); 
double onesVilleComerY = Math.floor(onesVilleY); 

II convert back to block land 
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double blockLandComerX = onesVilleComerX*Block.lengthOfASideOfABlock; 
double blockLandComerY = onesVilleComerY*Block.lengthOfASideOfABlock; 

II make a new block 

Block newBlock =new Block(); 
newBlock.comerX = blockLandComerX; 
newBlock.comerY = blockLandComerY; 
int index = numBlocks; 
newBlock.indexOIThisBlock =index; 

listOfBlocks[index] = newBlock; 
numBlocks++; 

boolean betterBeTrue = newBlock.isThisPointWithinMe(a, firstPass); 

if (!betterBeTrue) 
{ 

System.out.println("new block cant contain point!"); 
} 
else 

l/System.out.println("new block: on behalf of mosaic point\t"+ a.i+"\t"+a.j 

return index; 

class Point 
{ 

35 
public double x; 
public double y; 

int iWithinDestinationBlock; 
int jWithinDestinationBlock; 

40 void rotate() 
{ 

45 

50 

double pi= Math.acos(-1); 

double angleFromOriginToThisPoint = Math.atan2(y,x); 
double distanceFromOriginToThisPoint = Math.sqrt(x*x+y*y); 

angleFromOriginToThisPoint += Hal.rotation[Hal.colorSpec]; II pi/4 for green 

x = Math.cos(angleFromOriginToThisPoint)*distanceFromOriginToThisPoint; 
y = Math.sin(angleFromOriginToThisPoint)*distanceFromOriginToThisPoint; 
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x += Hal.preRotationXShift[Hal.colorSpec]; 
5 y += Hal.preRotationYShift[Hal.colorSpec]; 

void postRotationScale() 
10 { 

x *= Hal.postRotationScaleFactor[Hal.colorSpec]; 
y *= Hal.postRotationScaleFactor[Hal.colorSpec]; 

15 void postRotationShift() 
{ 

58 

x += Hal.postRotationXShift[Hal.colorSpec]; //for green: Math.sqrt(2)*-l; 
y += Hal.postRotationYShift[Hal.colorSpec]; //for green: 0 

20 

class Block 
25 { 

int numActualPointsWithinMe = O; 

static double lengthOfASideOfABlock = 8; 

30 //public Point[] listOfPointslnThisBlock =new Point[64]; 

double comerX; 
double comerY; 

35 int numPointslnThisBlock=O; 
int indexOIThisBlock; 

40 

45 

50 

boolean isThisPointWithinMe( Point a, boolean firstPass) 
{ 

double x=a.x+.5; 
double y=a.y+.5; 

if ( x < comerX ) return false; 
if ( y < comerY ) return false; 
if ( x > comerX + lengthOfASideOfABlock ) return false; 
if( y > comerY + lengthOfASideOfABlock) return false; 

if ( firstPass) 
{ 

numActualPointsWithinMe++; 
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else 
{ 

int index= numPointsinThisBlock++; 
5 //listOfPointslnThisBlock[index] =a; 

boolean lastPoint = (numActualPointsWithinMe == 
numPointslnThisBlock ); 

reportPoint(a, lastPoint); 

10 return true; 

15 

20 

25 

30 

35 

40 

45 

50 

void reportPoint(Point a, boolean lastPoint) 
{ 

11 compute where in the block we are 

double xWithinBlock = a.x - comerX; 
double yWithinBlock = a.y - comerY; 

II these numbers range from 0 to Block.lengthOfASideOfABlock 

double pixe!Length = Block.lengthOfASideOfABlock/8; 

II convert to onesville coordinate system 

double onesVilleX = xWithinBlock/pixelLength; 
double onesVilleY = yWithinBlock/pixelLength; 

11 now the numbers range from 0 to 8 

//lop off the fractional part. 

inti= (int) Math.floor(onesVilleX+0.5); 
intj =(int) Math.floor(onesVilleY+0.5); 

a.iWithinDestinationBlock = i; 
a.jWithinDestinationB!ock = j; 

int pixelindexWithinBlock = j*8 + i; 

int greenAccumulator = 64*indexOIThisBlock + pixellndexWithinBlock; 
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int translatedGreenAccumulator = 
Hal.TranslateAccumulator(greenAccumulator); 

62 

5 int delta= translatedGreenAccumulator - Hal.currentGreen; 
Hal.currentGreen = translatedGreenAccumulator; 

Hal.aLooper.eat(new AccumulatorRelativeLine( "accumulatorRelative", 
delta, Hal.uniqueDeltasForMosaicSamples )); 

I 0 if (lastPoint) 
{ 

15 

int translatedlndexOIThisBlock = 
Hal.TranslateBlock(indexOIThisBlock); 

int delta2 = translatedlndexOIThisBlock - Hal.currentBlock; 
Hal.currentBlock = translatedlndexOIThisBlock; 
System.out.println("block "+indexOIThisBlock+" mapped to 

"+translatedlndexOIThisBlock); 
20 Hal.aLooper.eat(new BlockDoneRelativeLine( 

"blockDoneRelative", delta2, Hal.uniqueDeltasForBlockDones )); 

Hal.FreeBlock(indexOIThisBlock); 

25 

30 

35 

abstract class AbstractLooper 
40 { 

public Line[] pipe; 

public AbstractLooper(int numElements) 
{ 

45 pipe= new Line[numElements]; 

50 
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public void eat( Line a ) 
{ 

boolean foundSlot = false; 

if (a= null II a.equals("")) return; 

inti; 
for ( i=(pipe.length-1); i>=O; i--) 
{ 

if ( pipe[i] !=null) 
{ 

if ( i = (pipe.length- I) ) 
{ 

64 

II The pipe is full, so slide everything down one to make 

} 
else 
{ 

} 
if (founds lot == false) 
{ 

this.slide(); 
pipe[i] =a; 
foundSlot =true; 
break; 

II The pipe has empty space behind the detected substantial 

pipe[i+ l] =a; 
foundSlot = true; 
break; 

pipe[ OJ =a; II The pipe was empty, so put the data in the front of the pipe. 

public void flush() 
{ 

inti; 
for (i=O; i<(pipe.length); i++) 
{ 

pipe[i] =null; 
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private void slide() 
5 { 

10 

15 

20 

inti; 

Line a= pipe[O]; 

for (i=O; i<(pipe.length-1); i++) 
{ 

pipe[i] =pipe[i+l]; 
} 
pipe[pipe.length-1] =null; 

this.doSomething( a); 

25 abstract protected void doSomething( Line a ); 

protected boolean equals(AbstractLooper a) 
{ 

if (a.pipe.length !=pipe.length) return false; 
30 inti; 

for (i=O; i<pipe.length; i++) 
{ 

66 

if ( pipe[i] ==null) return false; //the pipes have to be full before we will 
allow them to be equal. 

35 if( a.pipe[i] ==null) return false; 

40 

45 

50 

if ( ! pipe[i].equals( a.pipe[i] ) ) return false; 

return true; 

class LooperCompanion extends AbstractLooper 
{ 

int counter= 1; 

Looper buddy; 

public void bump() 
{ 

counter++; 
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public LooperCompanion(int numElements) 
{ 

super(numElements ); 

public void SetBuddy(Looper looper) 
{ 

buddy= looper; 

public void eat(Line a) 
{ 

if (a= null II a.equals("") ) return; 

if ( counter > 1 ) 
{ 

this.printLoop(); 
super.flush(); 
counter= l; 

} 
super.eat( a); 

protected void doSomething( Line a ) 
{ 

if(a =null II a.equals("")) return; 
buddy.OutputALine( a); 

public void flush() 
{ 

if ( counter > 1 ) 
{ 

this.printLoop(); 
} 
else 

inti; 
for (i=O; i<pipe.length; i++) 

68 

Case 6:14-cv-00296   Document 1-3   Filed 04/23/14   Page 4 of 19 PageID #:  76



US 6,690,731 Bl 
69 

B22 

this.doSomething( pipe[i] ); 

} 
5 super.flush(); 

counter= 1; 

private void printLoop() 
10 { 

15 

20 

25 

30 

35 

ForLoop buffer= new ForLoop(counter, pipe.length); 

inti; 
for (i = O; i<pipe.length; i++) 
{ 

buffer.listOfLines[i] = pipe[i]; 

buddy. OutputALoop(buffer ); 

class Looper extends AbstractLooper 
{ 

LooperCompanion companion; 

public int loopLevel = O; 

public Looper nextLooper =null; 

Looper spur = null; 

int numConsecutiveNonLoops = O; 
40 int maximumPipeLengthForThisSpur; 

Looper mamaForThisSpur =null; 
boolean alwaysPassToSpur =false; 

70 

public Looper(int numElements, int level, Looper mama, int maxLength, boolean always 
45 

50 

super( numElements ); 

loopLevel = level; 
mamaForThisSpur =mama; 
maximumPipeLengthForThisSpur = maxLength; 
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alwaysPassToSpur =always; 

companion= new LooperCompanion( numElements ); 
companion.SetBuddy(this); 

public void eat( Line a ) 
{ 

if (a== null II a.equals('"') ) return; 

if ( alwaysPassToSpur) 
{ 

else 

passToSpur( a); 

super.eat( a ); 
if ( this.equals( companion ) ) 
{ 

companion.bump(); 
super.flush(); 

protected void doSomething( Line a ) 
{ 

companion.eat( a ); 

public void flush() 
{ 

II Tell the companion to flush. 

companion.flush(); 

II Flush our contents directly to OutputALine 

inti; 
for (i=O; i<pipe.length; i++) 
{ 

this.OutputALine( pipe[i] ); 
} 
super.flush(); 11 clears the pipe 

II Now flush the spur. 

if( spur!= null) spur.flush(); 

11 Now flush the n+ I. 

72 
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if ( nextLooper !=null ) nextLooper.flush(); 

5 void spurResult( Line a ) 
{ 

10 

15 

20 

if(mamaForThisSpur !=null) 
{ 

mamaForThisSpur.handleSpurResult( a); 

else 

Hal.emitStatement(a); 

void passToNPlusOne( Line a) 
{ 

if ( nextLooper == null ) 
{ 

74 

nextLooper = new Looper( pipe.length+ 1, loopLevel, mamaF or This Spur, 
maximumPipeLengthForThisSpur, false); 

} 

25 nextLooper.eat( a); 

30 void handleSpurResult( Line a) 
{ 

35 

40 

45 

50 

II Check if this is at the end of its spur. 

if (pipe.length= maximumPipeLengthForThisSpur) 
{ 

spur Result( a ) ; 
} 
else 
{ 

II I am not at the end of this spur, so I pass this to my n+ 1 guy. 

passToNPlusOne( a); 

void OutputALoop( Line a ) 
{ 

numConsecutiveNonLoops = O; 
passToSpur( a); 
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void OutputALine( Line a ) 
{ 

if ( a== null) 
{ 

return; 

numConsecutiveNonLoops++; 

II Ifthere is a spur, perhaps it should be destroyed. 

destroySpurifNecessary(); II idempotent 

II Pass this line to the spur ifit exists. 

if (spur !=null) 
{ 

else 
{ 

passToSpur( a); 

II There is no spur, so we want to pass it up. 
II Ifthere is an n+ 1 guy, pass it to him. Otherwise, 
II it falls off the end of the spur and gets printed out. 

if( pipe.length== maximumPipeLengthForThisSpur) 
{ 

spurResult( a ); 
} 
else 

passToNPlusOne( a ); 

void passToSpur( Line a) 
{ 

if ( spur = null ) 
{ 

76 

45 spur= new Looper( 1, loopLevel, this, pipe.length, false); 
} 
spur.eat( a); 

50 void destroySpurlfNecessary() 
{ 
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if( spur!= null && pipe.length== numConsecutiveNonLoops) 

last non loop 
5 

the spur 

our frequency. 

10 

15 

20 

{ 
11 We were about to send a non loop to our spur that would have been the 

II in a sequence that is as long as our own pipe. That means we are asking 

II to detect at our own frequency data which we know is free ofloops at 

II Flush the spur and destroy it. 

spur.flush(); 
spur= null; 

25 class Line 

Vector sequenceNumbers =new Vector(); 
void addSequenceNumber(int a) 
{ 

30 sequenceNumbers.addElement( new Integer( a)); 

public void printStateMachineStyle(int level, int parentPC) 
{ 

35 print(level); 

public boolean equals(Line a){ return false;}; 
public void print( int level){}; 

40 public int rank(){retum O;}; 

45 class ForLoop extends Line 
{ 

50 

public int loopLimit; 
public Line[] listOfLines; 
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int sequenceNumber; 
boolean hasSequenceNumber = false; 

int SequenceNumber() 
5 { 

if (!hasSequenceNumber) 
{ 

Hal.numSequences++; 
sequenceNumber = Hal.numSequences; 

10 hasSequenceNumber = true; 

return sequenceNumber; 

15 

public ForLoop(int i, int howManyLinesContained) 
{ 

20 loopLimit = i; 
listOfLines =new Line[howManyLinesContained]; 

25 

public boolean equals(Line a) 
{ 

if ( this.getClass().equals( a.getClass()) 

80 

30 && this.listOfLines.length == ( (ForLoop) a).listOfLines.length 
&& this.loopLimit == ( (ForLoop) a).loopLimit) 

35 
false; 

for (int i=O; i<listOfLines.length; i++) 
{ 

if(! listOfLines[i].equals(( (For Loop) a).listOfLines[i]) ) return 

return true; 

40 return false; 

public int rank() 
45 { 

int maxRank = O; 
for (int i=O; i<listOfLines.length; i++) 

{ 
int r = listOfLines[i].rank(); 

50 if (r>maxRank) maxRank=r; 
} 
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return maxRank+ 1; 

public void print(int level) 
5 { 

10 

15 

20 

25 

30 

35 

40 

45 

50 

String p =new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 

p +="for (int i"+rank()+"=O; 
i"+rank()+"<limit"+Hal.indexOfNumberlnSpecifiedVector(loopLimit,Hal.uniqueLoopLimits)+"; 
i"+rank()+"+=l) {"; 

Hal.fPrintStream.println( p ); 

11 Print the contained lines. 

for (int i=O; i<listOfLines.length; i++) 
{ 

listOfLines[i] .print(level+ 1 ); 

p =new String(); 
for (int i = O; i<level; i++) 
{ 

p =p + "\t"; 

p=p+"}"; 
Hal.fPrintStream.println( p ); 

public void printStateMachineStyle(int level, int parentPC) 
{ 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p = p + "\t"; 

II Put the contained lines into a sequence. 

Sequence aSequence =new Sequence(this.SequenceNumber()); 

for (int i=O; i<listOfLines.length; i++) 
{ 

aSequence.takeLine(listOfLines[i]); 
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Hal.fPrintStream.println( p+"i"+rank()+"=O;" ); 
Hal.fPrintStream.println( p+"pc"+aSequence.sequenceNumber+"= I;" ); 

84 

5 p = new String(); 

10 

15 

for (long i = O; i<level-1; i++) 
{ 

p =p + "\t"; 

if (Hal.instrumentation) Hal.fPrintStream.println(p+"\t"+Hal.javaThrow+""); 
Hal.fPrintStream.println( p+"}" ); 

aSequence.print(level+ 1 ); 

int loopLimitldentifier = 
Hal.indexOfNumberinSpecifiedVector(loopLimit,Hal.uniqueLoopLimits); 

int lastStatementNumber = aSequence.statementCount+ 1; 
20 Hal. pc Max[ aSequence.sequenceNumber ]=lastStatementNumber; 

25 

Hal.fPrintStream.println( p+"if ( pc"+aSequence.sequenceNumber+" == 
"+lastStatementNumber+" && i"+rank()+" != max"+loopLimitidentifier+" )"); 

Hal.fPrintStream.println( p+" {"); 

Hal. fPrintStream. println( p+"\tpc" +aSequence.sequenceNumber+"= 1 ; "); 
Hal.fPrintStream.println( p+"\ti"+rank()+"+=l ;"); 

30 if (Hal.instrumentation) Hal.fPrintStream.println(p+"\t"+Hal.javaThrow+""); 
Hal.fPrintStream.println( p+"} "); 

Hal.fPrintStream.println( p+"if ( pc"+aSequence.sequenceNumber+" == 
"+lastStatementNumber+" && i"+rank()+" = max"+loopLimitldentifier+" )"); 

35 Hal.fPrintStream.println( p+" {"); 
Hal.fPrintStream.println( p+"\tpc"+aSequence.sequenceNumber+"=O;''); 

40 

45 

class EndScanLine extends SimpleLine 
{ 

50 public EndScanLine(String a, int d, Vector vec) 
{ 
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super(a,d,vec); 

public void print(int level) 
5 { 

10 

15 

20 

25 

30 

35 

II 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 
} 
Hal.fPrintStream.println( p+"scanLineCompleted = 1 ;" ); 
Hal.fPrintStream.println(); 

class Sequence 
{ 

Vector listOfStatements; 
int statementCount = O; 

int sequenceNumber; 

Sequence() 
{ 

listOfStatements =new Vector(); 

Hal.numSequences++; 
sequenceNumber = Hal.numSequences; 

Sequence( int s) 
{ 

listOfStatements =new Vector(); 
sequenceNumber = s; 

void takeLine(Line a) 
40 { 

try 
{ 

if ( a.getC!ass().equals(Class.forName("BeginScanLine"))) return; 
if ( a.getClass().equals(Class.forName("EndScanLine"))) return; 

45 } 
catch (ClassNotFoundException e) 
{ 

System.out.println( e ); 

50 

86 
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statementCount++; 

boolean found = false; 
5 int statementFoundToBeldentical = -1; 

for (inti= O; i < listOfStatements.size(); i++) 
{ 

if ( ((Line) listOfStatements.elementAt(i) ).equals( a)) 
{ 

10 found = true; 
statementFoundToBeidentical = i; 

15 if (found) 
{ 

88 

((Line)listOfStatements.elementAt(statementFoundToBeidentical)).addSequenceNumber(statem 
entCount); 

20 } 
else 

25 

listOfStatements.addElement( a); 
a.addSequenceNumber( statementCount); 

void print(int level) 
30 { 

35 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 

for (inti= O; i < listOfStatements.size(); i++) 
40 { 

45 

50 

Line a= (Line) listOfStatements.elementAt(i); 

Hal.fPrintStream.print(p+"if ( "); 

try 
{ 

if ( a.getClass().equals(Class.forName("ForLoop"))) 
{ 

Hal.fPrintStream.print("( "); 
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catch (ClassNotFoundException e) 
{ 

System.out.println(e); 

for (intj=O; j<a.sequenceNumbers.size(); j++) 
{ 

90 

Hal.fPrintStream.print("pc"+sequenceNumber+"="+((Integer)a.sequenceNumbers.elementAt(j) 
).intValue()); 

if ( (j+ 1) < a.sequenceNumbers.size()) 
{ 

Hal.fPrintStream. print(" 11 "); 

try 
{ 

} 

if ( a.getClass().equals(Class.forName("ForLoop"))) 
{ 

Hal.fPrintStream.print(") && pc"+((ForLoop)a).SequenceNumber()+" == 0 "); 

catch (ClassNotFoundException e) 
{ 

System.out.println(e); 

35 Hal.fPrintStream.println(")"); 
Hal.fPrintStream.println(p+" { "); 

40 a.printStateMachineStyle(level+l, sequenceNumber); //flat 

Hal.fPrintStream. println(p+''\tpc" +sequenceNumber+" += 1 ; "); 

45 if (Hal.instrumentation) Hal. fPrintStream.println(p+"\t"+Hal.javaThrow); 

Hal.fPrintStream.println(p+"} \n"); 
50 
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class EndMosaic extends SimpleLine 
5 { 

10 

15 

20 

public EndMosaic(String a, int d, Vector vec) 
{ 

super(a,d,vec); 

public void print(int level) 
{ 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 
} 
Hal.fPrintStream.println(p+"done=true;"); 

class BeginScanLine extends SimpleLine 
{ 

public BeginScanLine(String a, int d, Vector vec) 
25 { 

super(a,d,vec); 

public void print(int level) 
30 { 

35 
II 

40 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 
} 
Hal.fPrintStream.println( p+"scanLineStarting = 1 ;" ); 
Hal.fPrintStream.println(); 

45 class AccumulatorRelativeLine extends SimpleLine 
{ 

public AccumulatorRelativeLine(String a, int d, Vector vec) 
{ 

super(a,d,vec); 
50 

92 
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public void print(int level) 
{ 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 

B34 

Hal.fPrintStream.println( p+"address += 
k"+Hal.indexOfNumberlnSpecifiedVector(delta,v)+Hal.Translate(s)+";" ); 

94 

if (Hal.instrumentation) Hal.fPrintStream.println( p+"addressReady();"); 

15 
class BlockDoneRelativeLine extends SimpleLine 
{ 

public BlockDoneRelativeLine(String a, int d, Vector vec) 
{ 

20 super(a,d,vec); 

25 

public void print( int level) 
{ 

String p =new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 
} 

30 Hal.fPrintStream.println( p+"blockAddress += 
k"+Hal.indexOfNumberinSpecifiedV ector( delta, v )+Hal. Translate( s )+";" ); 

if (Hal.instrumentation) Hal.fPrintStream.println( p+"blockReady(); "); 

35 

class SimpleLine extends Line 
{ 

40 public String s; 
public int delta; 
Vectorv; 

public SimpleLine(String a, int d, Vector vec) 
45 { 

50 

s =a; 
delta= d; 
v = vec; 

public boolean equals(Line a) 
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if ( this.getClass().equals( a.getClass()) 
&& this.s.equals( ( (SimpleLine) a).s) 
&& this.delta= ( (SimpleLine) a).delta) 

return true; 

return false; 

public int rank() {return O;} 

public void print(int level) 
15 { 

String p = new String(); 
for (long i = O; i<level; i++) 
{ 

p =p + "\t"; 
20 } 

25 

Hal.fPrintStream.println( p+s+"( 
k"+Hal.indexOtNumberlnSpecifiedVector( delta,v)+Hal. Translate(s )+" );" ); 

} 

96 
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What is claimed is: 
1. A method for diagonal processing of video data com

prising: 

separating diagonally arranged data from rectilinearly 5 
arranged data in a video stream; 

rotating said diagonally arranged data to a rectilinear 
position; and 

98 
11. An apparatus for diagonal processing of video data as 

recited in claim 10 further comprising: 
a gamma corrector receptive to said video stream to 

perform a gamma correction on said video stream prior 
to inputting said video stream into said demultiplexer. 

12. An apparatus for diagonal processing of video data as 
recited in claim 11 wherein said color planes are red, green, 
and blue color planes, and wherein said rotated color plane 
is said green color plane. 

compressing said rotated diagonally arranged data by a 
rectilinear compression algorithm. 10 

13. An apparatus for diagonal processing of video data as 
recited in claim 12 wherein said data compressor is one of 
a DCT compressor and a wavelet compressor. 2. A method for diagonal processing of video data as 

recited in claim 1 further comprising performing a gamma 
correction on said video stream before separating diagonally 
arranged data. 

3. A method for diagonal processing of video data as 
recited in claim 2 wherein rotating said diagonally arranged 
data includes feeding said diagonally arranged data through 
an address generator. 

15 

4. A method for diagonal processing of video data as 20 
recited in claim 1 wherein said rectilinear compression 
algorithm is at least one of a DCT compression and a 
wavelet compression. 

5. A method for diagonal processing of video data as 
recited in claim 4 further comprising performing additional 25 

compression on the output of the rectilinear compression 
algorithm. 

6. A computer readable media including program instruc
tions for implementing the method of claim 1. 

7. An integrated circuit implementing the method of claim 30 

1. 
8. A camera module including the integrated circuit of 

claim 7. 
9. A camera module as recited in claim 8 further including 

35 
a printed circuit board supporting said integrated circuit, a 
video sensor, and a lens assembly aligned with said video 
sensor. 

10. An apparatus for diagonal processing of video data 
comprising: 

a demultiplexer receptive to a video stream and develop
ing a plurality of separated color planes, at least one of 
which is a rectilinear color plane and at least one of 
which is a rotated color plane; 

40 

a number of address generators associated with said 45 

plurality of color planes, wherein an address generator 
associated with said rotated color plane is operative to 
rotate said rotated color plane to a rectilinear position; 
and 

a data compressor receptive to said address generators and 50 

operative to compress said plurality of color planes 
with a rectilinear compression algorithm. 

14. An apparatus for diagonal processing of video data as 
recited in claim 10 further comprising at least one additional 
compressor further compressing the output of said data 
compressor. 

15. An apparatus for diagonal processing of video data as 
recited in claim 10 further comprising a video sensor array 
for developing said video stream. 

16. An apparatus for diagonal processing of video data as 
recited in claim 15 further comprising optics for directing an 
image to said video sensor array. 

17. An apparatus for diagonal processing of video data as 
recited in claim 10 further comprising a bus interface 
receptive to data from said data compressor. 

18. An apparatus for diagonal processing of video data as 
recited in claim 17 further comprising a digital processing 
system coupled to said bus interface. 

19. An apparatus for diagonal processing of video data as 
recited in claim 18 wherein said digital processing system is 
a personal computer system. 

20. A method for processing of video data comprising: 
recognizing diagonally arranged data in a video stream; 
processing said diagonally arranged data into rectilinear 

data; and 
compressing said rectilinear data by a rectilinear com

pression algorithm. 
21. A method for automatically creating address genera

tors comprising: 
generating original coordinate pairs specifying the origi

nal position of each element in a sensor mosaic; 
transforming said original coordinate pairs into a 

sequence of adjusted coordinate pairs which are recti
linearly juxtaposed; and 

generating a finite state automaton that mimics the 
sequence of adjusted coordinate pairs. 

22. A method for automatically creating address genera
tors as recited in claim 21 further comprising: 

executing said finite state automaton to generate addresses 
that are used to route data into the appropriate locations 
in a plurality of block buffers. 

* * * * * 
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METHOD AND APPARATUS FOR VIDEO 
DATA COMPRESSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

2 
the green pixels in a crosshatched pattern, as seen in prior art 
FIG. 1, which makes the assembly of blocks for compression 
relatively difficult. 

SUMMARY OF THE INVENTION 

The present invention manipulates incoming sensor data 
through a number of filters, while taking the geometry of the 
sensor into account. These include gamma correction, a 

This application is a continuation of U.S. patent applica
tion Ser. No. 09/203,722, filed Dec. 1, 1998, now U.S. Pat. 
No. 6,690,731, which is related to U.S. Provisional Patent 
Application Ser. No. 60/067,481, filed Dec. 1, 1997, to U.S. 
Provisional Patent Application Ser. No. 60/092,736, filed Jul. 
14, 1998, and to U.S. Provisional Patent Application Ser. No. 
60/097 ,436, filed Aug. 21, 1998, all of which are incorporated 
herein by reference. 

10 demultiplexer, a buffered scheme for creating monochro
matic 8x8 blocks, a discrete cosine transform, run length 
encoding, and Huffman coding. The resulting Huffman codes 
are transmitted to the host via USB interface logic. 

As noted previously, while prior art design approaches 

BACKGROUND OF THE INVENTION 

15 allow the use of more standard technologies, they are very 
inefficient because they generate 24 bit data in the chip, which 
is then compressed and sent to the host. The present invention 
achieves a three-fold reduction in the data rate because the 

This invention relates generally to color digital cameras, 
and more particularly to the processing of color data gener- 20 
ated by the sensor of a color digital camera. 

Digital color cameras are used with computer or other 
digital processing systems. Such cameras include a sensor 
array, optics, preprocessing electronics, and a cable or other 
communication link to transfer data to the digital processing 25 

system. Digital cameras are made by Connectix, Intel, and 
others. 

data remains 8 bits per pixel instead of 24 bits per pixel. 
Furthermore, any future improvements in compression tech
nology will benefit from the architecture of the present inven
tion in that the compression ratio gains will be multiplied by 
a factor of three because interpolation is done on the host, and 
the compression works directly on the raw sensor data. 

The present invention uses "diagonal" preprocessing to 
assembly green pixel data derived from a Bayer-2G mosaic 
sensor into blocks that are suitable for discrete cosine trans
formation (DCT) compression. This preprocessing provides 
for excellent data compression with superior image quality. 

The diagonal preprocessing is accomplished by identify-
ing a diamond shaped block and rotating the block by 45 
degrees. The block is then processed through DCT as a nor
mal compression block, and then is rotated back on the host 
(i.e. in the digital processing system) side. The leftover 

Digital cameras of the prior art often include a solid state 
sensor including a mosaic of red (R), green (G) and blue (B) 
sensor elements. Data from the sensor is transmitted to a data 30 

processing apparatus to be processed into a series of digital 
images. However, since there are typically many thousands of 
sensor elements on a sensor, and since digital video requires 
frequent updates ("refreshing") in the order of 20-30 times 
per second, it is not typically practical to provide a transmis
sion medium that is fast enough to send all of the data avail
able from the sensor to the data processing apparatus. In the 
past, this problem has been addressed by lossy compression 
techniques that discards a considerable portion of the video 
data available from the sensor. 

35 "edges" surrounding the diamond shaped block are formed 
into their own compression block, which is reassembled with 
the diamond shaped block after DCT compression and 
decompression. As a result, the DCT blocks can be processed 
such that the pixels that are closest together are processed 

Some of the prior art compression technologies provide an 
interpolation step which occurs before compression. The 
interpolation step provides collocated RGB values, and 
allows for luminance/chrominance re-mapping as well as 
color correction on the chip. While these other design 
approaches allow the use of standard and well-known tech
nologies, they are very inefficient because they generate 24 

40 together. This results in a sharper image and, in addition, 
better compression due to a minimization of the variance of 
the DCT cosine wave. Still further, the process of the present 
invention spreads the data content over time, reducing data 
"bursts" which could exceed the data handling capacity of the 

45 data bus or of the host digital processing system. 
An advantage of the present invention is that it provides a 

compression technology for the transmission of video sensor 
data from, for example, a digital camera, that is very efficient 
in terms of gate count, sensor cost, compression ratio, and bit data in the chip, which is then compressed and sent to the 

host. 50 image quality. 
The sensors used in digital cameras are often of the 

"mosaic" sensor type, where red (R), green (G), and blue (B) 
pixels are arranged in a matrix. With mosaic type video sen
sors, groups of pixels are assembled into blocks for process
ing through conventional compression techniques. This com- 55 

pression is desirable due to the typically limited bandwidth of 
the connection mechanism between the camera and the digi-
tal processing system. A common form of compression uti
lizes a discrete cosine transform (DCT). 

An advantage of using a mosaic type sensor is that it has 60 

only one color value per pixel, which allows for rapid com
pression of the color sensor data. Of the mosaic type video 
sensors, the "Bayer-2G" mosaic sensor interesting in that it 
gives twice as many green pixels as red or blue pixels. Green 
pixels are good for detecting luminance (brightness) values. 65 

However, the Bayer-2G mosaic also makes it more difficult to 
preprocess the color data. That is, the Bayer-2G sensor places 

Another advantage of the present invention over the prior 
art is that it takes the geometry of the sensor into account. This 
allows the design to be much more efficient than was hereto
fore possible. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon a reading of 
the following descriptions of the invention and a study of the 
several figures of the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a prior art Bayer 2-G Mosaic 
sensor pattern; 

FIG. 2 is a block diagram illustrating a preferred embodi
ment of the present invention; 

FIG. 3 is a representation of a CMOS sensor with an RGB 
mosaic; 
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FIG. 4 illustrates the green mosaic cells; 
FIG. 5 illustrates a superimposed transverse grid; and 
FIGS. 6-9 show a variety of configurations of data within a 

green block. 
FIG.10 is an illustration ofa diagonal preprocessing block, 

with red and blue pixels removed, of the method of the present 
invention; 

FIG. 11 is an illustration ofa "big green block" with red and 
blue pixels removed; 

4 
The mosaic demultiplexer 14 receives data from the 

gamma correction module. The mosaic demultiplexer splits 
the data into three channels, each representing one of the 
RGB colors. The timing of this block is dependent on the 
timing of the mosaic, which emits the RGB cells in scanline 
order following the pattern of the mosaic. There are no special 
timing requirements for this block. 

A red address generator 40 receives 8 bit non-linear red 
data values as well as timing from the mosaic demultiplexer. 

FIG. 12 is an illustration of a first block "Block 1" removed 
from the big green block and leftover corners, ready for 
transposition and assembly into another block; 

FIG. 13 is an illustration of a second block produced from 
the corners of the big green block next to Block 1, produced 
from the center of the big green block; 

10 Its outputs include the same 8 bit non-linear red data values, 
a block number indicating which red 8x8 block is to contain 
this 8 bit value, the cell number which is an index from 0 to 63 
indicating the position of the cell within the specified block, 
and a block done signal that is raised to indicate that the 

FIG. 13a is a flow diagram illustrating a diagonal process
ing process of the present invention; 

FIG. 14 is an illustration of overlapping "RGGB" type 
blocks, next to the resulting Glor G2 type block; 

15 specified block has been completed. The block done signal is 
raised only after the last data value has been loaded; when the 
block done signal is raised, the 8 bit data value and the cell 
number do not contain meaningful information. The red 
address generator contains no buffers forthe 8 bit data. It does 

FIG. 15 is an illustration of the two types of green blocks 
used in the RGGB process, namely the G 1 Block and the G2 
Block; 

20 however contain a number of registers that are dynamically 
loaded via USB. These registers are related to the dimensions 
of the sensor image. This block receives timing from the 
mosaic demultiplexer; there are no internal buffers and no FIG. 16 is an illustration of a digital camera system of the 

present invention coupled to a digital processing system; and 
FIG. 17 is an illustration of a digital camera system utiliz- 25 

ing a camera module. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

special timing requirements. 
A blue address generator 42 is nearly identical to the red 

address generator, although their timing is not synchronized 
because the red data and the blue data are streamed from the 
sensor at different times. Since both the red and blue grids in 
the sensor array are rectilinear, their design is straightfor-

30 ward. This block has no internal buffers and no special timing 
FIG. 1 was discussed with reference to the prior art. A 

block diagram of a preferred embodiment of the present 
invention is shown in FIG. 2. As noted previously, the present 
invention manipulates the incoming sensor data through a 
number of filters. These "filters" include gamma corrector 12, 35 

a block generator 16 for creating monochromatic 8x8 blocks, 
a discrete cosine transformer 20, a run length encoder 22, and 
a Huffman compressor 24. The filters are coupled together 
with a Mosaic demultiplexer 14, and a FIFO 18. The resulting 
Huffman codes are transmitted to the host, such as via an 40 

Universal Serial Bus ("USB") interface 26. 
First Exemplary Implementation 

In FIG. 2, a gamma correction module 12 performs a loga
rithmic re-mapping of the incoming 10 bit RGB values. This 
can be achieved via a lookup table that has 1024 entries of 8 45 

bits each. Alternate embodiments of the present invention use 
other designs for gamma correction that can achieve a reduc
tion in the required gates, e.g. a polynomial curve fit algo
rithm (which may include splines), often with some reduction 
in fidelity to the original gamma curve, as will be apparent to 50 

those skilled in the art. The output of the gamma correction 
block is 8 bit non-linear (gamma corrected) samples. The 
gamma correction block preferably features a dynamically 
loadable lookup table that is controlled via the USB. There is 
no differential between the timing of the incoming cells and 55 

the outgoing cells, i.e., the relationship is one to one. There
fore no special clock mechanism is required for this block. 
Gamma corrections modules are well known to those skilled 
in the art. 

requirements. 
A green address generator 38 is functionally similar to the 

red and blue address generators. Its design differs from the red 
and blue address generators because the green mosaic cells 
are arranged differently than the red and blue data; it is not 
rectilinear with respect to the sensor edges. 

The operation of the green address generator will be dis-
cussed in reference to FIGS. 3-9. In FIG. 3, the CMOS sensor 
represented is a mosaic of352x288 pixels or cells, though the 
representation shown here is cropped, i.e. is a subset of the 
full mosaic. More particularly, the mosaic includes red (r) 
pixels 32, green (g) pixels 28, and blue (b) pixels 30. The 
pixels form a part of scan lines, such as scan lines 34 and 36. 
The mosaic represents three color planes, with discrete 
samples for each of the colors. The discrete samples are not 
co-located, so there is no single location for which more than 
one color is available. The mosaic can be split into three 
separate grids, one for each of the RGB colors. 

The human eye is very sensitive to luminance (non-color 
brightness) data, and less sensitive to chrominance (color) 
data. The luminance data must therefore be represented in 
higher resolution than the chrominance data if the design is to 
be optimally efficient. Since most of the luminance data is 
carried by the wavelengths detected by the green filter, there 
is an emphasis on the density of the green mosaic cells in the 
geometry of the mosaic. 

As seen in FIG. 4, a green mosaic 44 forms a crosshatch 
pattern, as illustrated by diagonal lines 38 and intersecting 
diagonal lines 40. The geometry of the green mosaic 44 does 

The gamma correction module 12 may optionally be pre
ceded and/or followed by a color transformation module (not 
shown). Such color transformation module(s) convert 
between color spaces, e.g. RGB to YUV, etc. This can be 
advantageous in interfacing on a host processor that may 
require a given color space in order to process the data. If a 
color correction is performed prior to the gamma correction, 
it can correct for spectral distortion. 

60 not easily lend itself to compression via DCT because it is not 
easy to form 8x8 blocks. The cells of the green mosaic are 
formed into 8x8 blocks by the green address generator which 
rotates the data by 45 degrees. This diagonal rotation is key to 
the proper and efficient functioning of the present invention, 

65 and is preferably performed without the use of trigonometric 
functions, but rather with simple finite state automaton, as 
discussed below. 
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To explain the rotation process, FIG. 5 shows a transverse 
grid 46 superimposed over the green mosaic 44 which iden
tifies the boundaries between diamond-shaped 8x8 blocks 48 
of the grid 46 and which data values each contains. Each 
block 48 (e.g. 48a, 48b, 48c, 48d) contains up to 64 data 
values, although those near the edge of the mosaic contain 
less, as illustrated. 

FIGS. 6 through 9 show a variety of configurations of data 
within a green block. The most common configuration is the 
configuration shown in FIG. 9, which shows a full block of 
green data. More particularly, FIG. 6 illustrates a rotated 
upper left comer block 48b, FIG. 7 illustrates a rotated top 
edge block, FIG. 8 illustrates a rotated left edge block (not 
shown), and FIG. 9 illustrates a rotated full block 48a. 

6 
and MPEG standard algorithms. DCT blocks such as this are 
well known to those skilled in the art. Furthermore, while 
DCT compression is a good example of a rectilinear com
pression algorithm, those skilled in the art will recognize that 
other forms of rectilinear compression algorithms are also 
suitable, such as wavelet compression. 

A run length encoding (RLE) block 22 identifies patterns in 
the amplitudes that are emitted from the DCT and compress 
them by generating a count for the number or repetitions that 

10 are seen in the data. Run length encoding often includes a 
"zigzag" traversal of the coefficients, such as is defined in the 
JPEG and MPEG standards. This traversal of the coefficients 
is performed so that coefficients in similar portions of the 8x8 
grid are grouped together, which can cause the runs of zeros 
to be longer because coefficients with similar frequencies are 
grouped together sequentially. Longer runs of zeros yield 
better compression. Run length encoding blocks such as this 
are well known to those skilled in the art. 

Referring again to FIG. 2, RGB block buffers 50 are used 15 

to buffer the 8 bit RGB values in groups of 64 samples. In the 
case of green edge blocks, many of those values may be null. 
The block buffers receive 8 bit values one at a time from their 
respective sources, along with addressing information speci
fying the block number and the position within the block. The 
block number is a number ranging from 0 to the total number 

A Huffman compressor 24 uses a predefined code book to 
20 reduce the bit length of commonly transmitted codes. Huff

man compressors are well known to those skilled in the art, as 
are Universal Serial Bus (USB) interfaces 26. of blocks in a single frame for a given color (red green or 

blue.) The block buffer is efficient in that it does not require 64 
bytes of memory for each block number in the image; instead 
it uses the block number as an identifier for a specific block, 
similar to a cache line identifier. If that block exists, the value 
is placed within it at the specified location. If it does not, then 
a new block is allocated from the pool of blocks. 

This design maps cleanly to cache RAM technology. A 
single pool of blocks can be used for three colors. A two bit 
color identifier is appended to the block number, and the 
resulting unique block number can be used as a cache line 
identifier. The result is that the design can be highly efficient 
with respect to memory. 

When a "block done" signal is received, the 64 bytes for 
that block are streamed out, and the block is de-allocated from 
the pool. The amount of memory required by this block varies 
with respect to sensor width. For a 352x288 sensor, 22 blue 
blocks, 22 red blocks, and 46 green blocks will be required. 
This implies a memory requirement of approximately 5760 
bytes of memory. This requirement will obviously increase if 
the size of a cache line is not an even multiple of the 64 bytes. 
This block has no special timing requirements, but does 
require interface logic to a cache RAM. 

An alternative implementation uses a static RAM instead 
of a cache RAM. In this implementation, the buffer is used in 
a cyclic manner. This implementation generates memory 
addresses directly rather than allocating blocks from a pool, 
as will be appreciated by those skilled in the art. 

In 8 bit FIFO buffers 18 the data such that it does not 
overrun the Discrete Cosine Transform (DCT) because the 
DCT requires some time to process the 8x8 blocks. The size 
of this FIFO depends on the timing of the DCT which is to be 
defined in a future document. FIFOs of this design are well 
known to those skilled in the art. 

Discrete Cosine Transform block 20 is used to convert 8x8 
blocks into the frequency domain. This block will require the 
use of a multiplication circuit and will apply approximately 
14 multiplies for each DCT block. The DCT of the described 
embodiment of the present invention use coefficients that are 
suited for RGB values, not Luminance/Chrominance or 
"YlN", although other preferred embodiments of the present 
invention can be provided for YUV, as will be appreciated by 
those skilled in the art.As a part of the DCT operation various 
data reduction operations may be performed, including quan
tization that reduces the accuracy of DCT coefficients to 
achieve greater compression. Quantization is used in JPEG 

It will therefore be appreciated that an apparatus for diago
nal processing of video data in accordance with the present 

25 invention includes a demultiplexer 14 receptive to a video 
stream (i.e. 8 bit non-linear mosaic samples) and developing 
a plurality of separated color planes (e.g. R, G, and B color 
planes, where the G color plane is shown in FIG. 4); at least 
one of which is a rectilinear color plane (in this example the 

30 R and B color planes) and at least one of which is a rotated 
color plane (in this example the G color plane). In other 
embodiments of the present invention, the R and B color 
planes may be rotated, while the G plane may be rectilinear. 
Also, color planes in other color spaces such as YlN or CMY 

35 will have at least one rectilinear plane and at least one rotated 
plane. The apparatus further includes a number of address 
generators (e.g. 38, 40, and 42) associated with the plurality 
of color planes (in this example the green, red, and blue color 
planes, respectively), wherein an address generator 38 asso-

40 ciated with the rotated color plane (green) is operative to 
rotate the rotated color plane to a rectilinear position. The 
apparatus further includes a data compressor (such as com
pressor 20) receptive to the address generators and operative 
to compress the plurality of color planes with a rectilinear 

45 compression algorithm (e.g. DCT compression 20). 
Second Exemplary Implementation 

A alternative diagonal processing method of the present 
invention assembles the green mosaic 44 into a diamond 
pattern 50, resembling a standard DCT block rotated by 45 

50 degrees, as seen in FIG. 10. This is similar to the process 
described previously; however, the corners are handled dif
ferently in this embodiment of the present invention com
pared to the previously described embodiment. 

The diamond pattern 50 allows for minimal spacing 
55 between pixels in the block for processing, and therefore a 

better quality image. Further, by using the diagonal process
ing method of the present invention, the diagonal processing 
is easily implemented in hardware. The advantage of this 
alternative method is that it uses a simpler address generator 

60 than that disclosed previously. That is, the address generator 
of this alternate embodiment can be implemented as an 
uncomplicated address look-up table, as will be described in 
greater detail below. 

The process of the present invention begins with data being 
65 fed from the sensor and assembled into three types of blocks: 

red, blue, and "Big Green" (BG). The red and blue blocks are 
rather straightforward; blocks of a designated size are pro-
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duced with no special handling. For example an 8x8 pixel 
block will occur every 8 pixels of the specified color across, 
and have a height of 8 pixels. The BG blocks 52, as seen in 
FIG. 11, extend twice the desired width and twice the desired 
length of a DCT block (such as used for the red and blue 
pixels), with every other row and column in a crosshatched 
pattern. 

The red and blue blocks are ready for processing. The BG 
block, however requires one more bit ofhandling. Feeding the 
BG block into a specifically designed lookup table, an 
example of which is attached as Appendix A, will produce 
two DCT blocks of the desired size, ready for processing. The 
first block is 54 cut from the center of the BG block in 52 a 
diamond shape (see FIG. 12), the second block 56 produced 
by assembling the leftover comers (see FIG. 13). 

In FIG. 12, "Block 1" 54 is shown to be removed from Big 
Green Block and leftover comers, ready for transposition and 
assembly into another block. Horizontal 180° transposition in 
addition to 180° vertical transposition is a preferred method 
to produce the second block from the leftover comers, though 
other techniques can be used, as will be apparent to those 
skilled in the art. 

In FIG. 13, a "Block 2" 56 produced from corners of BG 52 
is shown next to "Block 1" 54, that was produced from the 
center of the BG block 56. This can also be achieved through 
the use of a "RGGB" algorithm, as will be appreciated by 
those skilled in the art, and which will be discussed in greater 
detail subsequently. 

In FIG. 13A, a method 51 for diagonal processing of video 
data begins with an operation 53 of obtaining video data from 
an input source. This input source may be a video sensor 
array, or may be a digital storage or transmission medium. An 
operation 55 separates diagonally arranged data from recti
linearly arranged data in the video stream. Next, an operation 
57 rotates the diagonally arranged data to a rectilinear posi
tion, and an operation 59 compresses the rotated diagonally 
arranged data by a rectilinear compression algorithm. 

As seen in FIG. 14, an RGGB algorithm is one in which the 
red and blue blocks are assembled in the same way as 
described above, but the resulting green crosshatch of pixels 
is separated into two separate types ofblocks, green one (G 1) 
block 58 and green two (G2) block 60. The G 1 blocks 58 are 
assembled from the pixels of every other row starting with the 
first. The G2 blocks 60 are produced from the pixels of every 
other row starting with the second. The pixels of G 1 and G2 
blocks overlap in the mosaic, as shown inFIG.14. It should be 
noted that the G 1 and G2 blocks are diagonally related. Once 
separated, as illustrated in FIG.15, the G 1 and G2 blocks look 
similar to other compression blocks.AG 1 and a G2 block that 
had overlapped in the mosaic can be used in the same way that 

8 
into rectilinear data, and then compressing the rectilinear data 
by a rectilinear compression algorithm. 

A working look-up table that utilizes the BG method of the 
present invention is attached hereto as "Appendix A", and 
forms a part of this disclosure. The method named "grinder" 
takes two blocks and reassigns the x and y coordinates of each 
pixel within the block to get two diagonal preprocessing 
blocks. After reassigning the address of every pixel to that of 
a Diagonal Processing block, the new blocks are sent on to be 

10 compressed. 
In FIG. 16, a digital camera system of the present invention 

includes a digital camera 64, a digital processing system 66 
(such as a personal computer), and a video display 68 or other 

15 
output device, such as a color printer. The digital camera 
includes a sensor 70 (such as a CMOS sensor array devel
oped, for example, be Lucent Technology, Inc.), a lens assem
bly 72 (or other optics) for focussing an image I on the sensor 
70, and an integrated circuit 7 4 or "chip" coupled to the sensor 

20 70 for preprocessing the sensor data as described previously. 
A cable, bus, or other communication link 76 couples the 
digital camera to the digital processing system, and an image 
is developed on the video display or other output device. 

A digital camera system utilizing a camera module 78 is 
25 illustrated in FIG.17. The module 78 includes a support such 

as a printed circuit board 80, a lens assembly 82, a sensor 84 
aligned with the lens assembly 82, an encoder chip 86 includ
ing the diagonal processing of the present invention, and other 
support and/or "glue" chips 88. For example, a support chip 

30 88 can provide a Universal Serial Bus (USB) functionality. 
Alternatively, most or all of the support and "glue" functions 
can be integrated into the encoder chip 86. The module 78 can 
be enclosed within any suitable enclosure 90, such as a cam
era body, the chassis of a personal computer, into a personal 

35 computer monitor (e.g. above the CRT), into a laptop com
puter, into a hand-held (e.g. "Palm" or PDA) computer, into a 
portable or land-line telephone, etc. 

The module 78 can be coupled to a digital processing 
system such as a personal computer motherboard 92. In this 

40 example, the module 78 can be coupled with a cable 94 to the 
USB port 96 of the personal computer motherboard 92. Alter
natively, other ports, such as a serial port, parallel port, or a 
custom port provided by, for example, a plug-in card can be 
used to couple the module 78 to the motherboard 92. Still 

45 further, the module can be mounted directly onto the moth
erboard, or the components of the module 78 can be mounted 
directly on the motherboard. 

The motherboard 92 can be coupled to a network, as will be 
appreciated by those skilled in the art. It can also be coupled 

50 to a variety of peripherals, such as disk drive units, CD-ROM 
drives, DVD drives, monitors, keyboards, pointer devices, 
etc. The network can include, for example, a local area net
work (LAN), a wide area network (WAN) such as the Inter-

a BG block is used for Diagonal Preprocessing, with only 
minor changes to the lookup table. That is, once the blocks are 
fed through the various compression and decompression 
mechanisms, an inverse lookup table corresponding to the 55 

first lookup table can be used to reassemble the data into a 
form that can then be interpolated or processed in another 
manner, as will be appreciated by those skilled in the art. 

net, and/or other TPC/IP protocol networks. 
It should be noted that the electronic circuitry of the mod-

ule, such as the encoder and USB, need not receive its digital 
input from a lens assembly and sensor array, as shown. For 
example, the encoder can be integrated into the motherboard 
or into a plug-in card attached to the motherboard, or can be In summary, by feeding either a Big Green (BG) block or 

two smaller, overlapping blocks through a lookup table to 
assemble compression blocks from the center diamond and 
corners, the diagonal preprocessing of the present invention 
can be implemented without any significant reduction in 
quality. That is, a method for processing of video data in 
accordance with the present invention includes recognizing 
diagonally arranged data in a video stream by one or more of 
a variety of methods, processing the diagonally arranged data 

60 coupled to one of the ports of the motherboard, in order to 
transmit encoded (compressed) video signals received from, 
for example, a hard disk, CD-ROM, or DVD coupled to the 
motherboard as a peripheral. A driver, typically stored as 
binary computer instructions on a hard disk coupled to the 

65 motherboard, decodes (i.e. decompresses) encoded data cre
ated by the diagonal processing of the present invention. This 
driver is typically implemented in software, although it, like 
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the encoder, can be implemented in hardware or firmware, as 
will be appreciated by those skilled in the art. 
Transverse DCT Model for Creating Address Generators 

10 
of the coordinate pairs, the coordinate pairs must be translated 
so that the "origin" of the coordinate system is located at a 
position corresponding to a green dot. Recall that in the upper 
left comer of the mosaic, the first pixel, at position (0,0) is 
blue. All red and blue pixels have of course been filtered out 
of the stream. It is adequate forthe purposes of the model that 
the origin is centered on any green dot. In this model the first 
green dot is mapped to the origin. The first green dot is located 
at position (1,0). Thus, one must be subtracted from the x 

The following is a description of the process by which the 
code for the green address generator is generated. The green 
address generator receives serially all of the green dots in the 
mosaic and loads them into a staging buffer. 8x8 blocks are 
constructed in the staging buffer. When a block is completed, 
the green address generator signals that the block is com
pleted and it is emitted to the DCT. The portion of the buffer 
occupied by the emitted block is then reused by other incom
ing dots. 

10 coordinate of every green dot in the filtered stream in order to 
translate the origin as follows: 

The staging buffer is segmented into 8x8 blocks. Each 8x8 
block in the buffer is geometrically associated with a diamond 
shaped region in the image. Once all the dots in that diamond 15 

shaped region are collected, the block is complete. Note that 
some blocks do not contain 64 elements. Once the block is 
emitted, the associated memory is then associated with a new 
diamond shaped region below the previous one. 

Described below are a number of mathematical transfor- 20 

mations that are used to determine where the mapping 
between the green mosaic dots and the green block staging 
buffer. The coordinates are transformed, but the order is 
unchanged. This allows the model to establish a mapping 
between the "serial number" of the dots and where they end 25 

up in the green buffer. By analyzing this mapping, code is 
generated which mimics the transformations performed by 
the model. 

The model begins by generating a full CIF sized mosaic of 
pixels. No data is needed; only the positions of the pixels is 30 

generated. Two nested loops are used to generate the pixel 
positions. The outer loop generates the scan line number, and 
the inner loop generates the pixel number. The scan line 
number is referred to as j and the pixel number is referred to 
as i. It is important to note that the positions are generated in 35 

the same order as the sensor emits them. The pixel positions 
are represented as a stream of coordinate pairs. Each coordi
nate pair represents a single position in the mosaic. Each of 
the three colors is represented in this stream. 

In order to model the green machine, the red and blue 40 

positions must be filtered out so that only the green positions 
are present in the filtered stream. Each of the generated posi
tions is evaluated to determine whether or not it is a green 
pixel. The means for evaluating whether or not a pixel is green 
is based on whether the respective values for i and j are even 45 

or odd. The logic used is as follows; (note that zero based 
indexes are used in these expressions): 

jlsOdd~~(j mod 2 .. 0) 

translatedX~x-1 

translatedY ~y 

The resulting stream of coordinate pairs contains only 
green coordinate pairs that have been translated such that the 
origin is positioned at the first green dot. Next a rotation 
operation is performed. The data is rotated by 45 degrees 
clockwise around the origin. The formulae for rotation are 
shown below: 

7r 
rotatedX = Cos[theta + 4 J *distance 

7r 
rotatedY = Sin[ theta+ 4 J *distance 

theta= Atan2[y, x] 

"distance" represents the Euclidean distance between the 
origin and the unrotated point, computed using the 
Pythagorean theorem: 

distance~Vx2+y2 
Note that the coordinate system used here has y increasing 

in the downward direction in order to be compatible with the 
scan line numbering used above, and is thus left handed. The 
rotation operation defined here results in a stream of rotated 
coordinate pairs corresponding to the position of the green 
dots in the original mosaic. 

At this point it is important to note that the juxtaposition of 
neighboring points has changed: neighboring points are no 
longer positioned diagonally with respect to each other, but 
rather rectilinearly. Each green dot still has four neighboring 
green dots, but their positions are rectilinear with respect to 
each other. It should also be noted that the distance between 
two green dots (before and after rotation) is the square root of 
two. It should further be noted that the rotation causes many 
points to have negative values for x. 

50 The coordinate pairs have been transformed so that the 

isGreen~~(ilsOdd")IsOdd) 

The stream is filtered such that only positions for which i 
and j result in a value of true for is Green are permitted to pass 55 

through the filter. The number of positions in the data stream 
is thus reduced by half, since half of the dots in the mosaic are 
green. It should be noted that this filtering process results in a 

green dots can be organized in a rectilinear grid. Before this 
can be done the data must be scaled so that the distance 
between neighboring points is one. To achieve this the points 
are scaled as follows: 

x 
scaledX = {2 

y 
scaledY = {2 

set of points that form a cross hatch pattern. Each green dot 
has four neighboring green dots juxtaposed diagonally. The 60 

edges are of course an exception: some green dots have less 
that four neighbors. Note that the distance between neighbor
ing green dots Guxtaposed diagonally) is the square root of 
two. 

Once this scaling operation is completed, the stream con
tains coordinate pairs where each coordinate is an integer, and 

65 the juxtaposition of geometrically neighboring points is rec
tilinear. At this point, it is possible to determine for each point 
which of the diamond shaped 8x8 regions it falls into. In the 

The data stream that contains only the positions of the 
green pixels is still ordered according to the order of the data 
emitted by the sensor. In preparation for a geometric rotation 
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current rotated space, the diamond shaped regions are square. 
To identify which 8x8 region, or "bin" a particular point falls 
into, the following formulae are used: 

binX=Floor{~] 

binY = FlooHJ 

Note that binX is sometimes negative. It is also possible to 
determine where within the 8x8 bin a given point will land: 

co!umn~x-binX*S 

10 

12 
What is claimed is: 
1. A non-transitory computer readable medium embodying 

executable code for implementing a method for compressing 
video data comprising: 

a code segment rotating diagonally arranged video data to 
a rectilinear position when executing on a digital pro
cessing system; and 

a code segment compressing said rotated diagonally 
arranged data by a rectilinear compression algorithm 
when executing on a digital processing system. 

2. A non-transitory computer readable medium embodying 
executable code for implementing a method for compressing 
video data as recited in claim 1 further comprising a code 
segment performing a gamma correction on a video stream 

row~y-binY*S 

Since it is possible to generate the identity of the bin asso
ciated with a given dot, and the position within the bin, it is 
now possible to know where in the buffer the point will map 

15 when executing on a digital processing system and a code 
segment separating diagonally arranged data from rectilin
early arranged data in said video stream when executing on a 
digital processing system before rotating said diagonally 

to. Before this process takes place, a pass is made over the 20 

stream of points in order to count how many points land in 
each bin. This is necessary because when the commands are 
generated the code for the green address generator, the com
mand list must include "block done" commands which imme
diately follow the command for the last dot in a given block. 25 

A list of bins is generated, each containing a count of the dots 
in that 8x8 block. The maximum for the count is of course 64, 
but it is sometimes less, because the edge blocks are not fully 
populated. 

arranged data. 
3. A non-transitory computer readable medium embodying 

executable code for implementing a method for compressing 
video data as recited in claim 2 wherein rotating said diago
nally arranged data includes feeding said diagonally arranged 
data through an address generator. 

4. A non-transitory computer readable medium embodying 
executable code for implementing a method for compressing 
video data as recited in claim 1 wherein said rectilinear com
pression algorithm is at least one of a DCT compression and 
a wavelet compression. 

5. A non-transitory computer readable medium embodying 
executable code for implementing a method for compressing 
video data as recited in claim 4 further comprising a code 
segment performing additional compression on the output of 
the rectilinear compression algorithm when executing on a 

Once the counting process is completed, it is finally pos- 30 

sible to generate a command list for the green address gen
erator. A second pass is initiated, which regenerates the 
stream of coordinate pairs. The pairs go through all of the 
same filters and transformations as before. For each coordi
nate pairof the resulting stream, a bin identity and position are 
generated. 

35 digital processing system. 

The code listing included herein (HAL) as Appendix B 
generates the coordinate pairs described above, and con
structs a finite state automaton that can generate the same 
coordinate pairs. The resulting finite state automaton uses 40 

only simple logic and arithmetic to achieve the same 
sequence of coordinate pairs. 

As will be clear to persons skilled in the art, the code listing 
included herein (HAL) can be easily adapted to different 
sensor mosaic geometries, simply by changing a few con- 45 

stants. In addition to generating a finite state automaton for 
the green address generator, HAL can be used to generate 
finite state automata for the red and blue address generators. 

It will therefore be appreciated that a method for automati
cally creating address generators in accordance with the 50 

present invention includes: generating original coordinate 
pairs specifying the original position of each element in a 
sensor mosaic; transforming said original coordinate pairs 
into a sequence of adjusted coordinate pairs which are recti
linearly juxtaposed; and generating a finite state automaton 55 

that mimics the sequence of adjusted coordinate pairs. The 
finite state automaton generates addresses that are used to 
route data into the appropriate locations in the RGB block 
buffers. 

While this invention has been described in terms of several 60 

preferred embodiments, it is contemplated that alternatives, 
modifications, permutations and equivalents thereof will 
become apparent to those skilled in the art upon a reading of 
the specification and study of the drawings. It is therefore 
intended that the following appended claims include all such 65 

alternatives, modifications, permutations, and equivalents as 
fall within the true spirit and scope of the present invention. 

6. An integrated circuit implementing a method compris-
ing: 

rotating diagonally arranged video data to a rectilinear 
position on an integrated circuit; and 

compressing said rotated diagonally arranged data by a 
rectilinear compression algorithm on said integrated cir
cuit. 

7. A camera module including an integrated circuit imple
menting a method comprising: 

rotating diagonally arranged video data comprising green 
pixels to a rectilinear position in an integrated circuit; 
and 

compressing said rotated diagonally arranged data by a 
rectilinear compression algorithm in said integrated cir
cuit. 

8. A camera module as recited in claim 7 further including 
a printed circuit board supporting said integrated circuit, a 
video sensor, and a lens assembly aligned with said video 
sensor. 

9. An apparatus for diagonal processing of video data com
prising: 

a number of address generators associated with a plurality 
of color planes, at least one of which is a rectilinear color 
plane and at least one of which is a rotated color plane, 
wherein an address generator associated with said 
rotated color plane is operative to rotate said rotated 
color plane to a rectilinear position; and 

a data compressor receptive to said address generators and 
operative to compress said plurality of color planes with 
a rectilinear compression algorithm. 

10. An apparatus for diagonal processing of video data as 
recited in claim 9 further comprising: 
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a gamma corrector receptive to said video stream to per
form a gamma correction on a video stream from which 
said plurality of color planes are derived. 

11. An apparatus for diagonal processing of video data as 
recited in claim 10 wherein said color planes are red, green, 
and blue color planes, and wherein said rotated color plane is 
said green color plane. 

12. An apparatus for diagonal processing of video data as 
recited in claim 9 wherein said data compressor is one of a 
DCT compressor and a wavelet compressor. 10 

13. An apparatus for diagonal processing of video data as 
recited in claim 9 further comprising at least one additional 
compressor further compressing the output of said data com
pressor. 

14. An apparatus for diagonal processing of video data as 
15 

recited in claim 10 further comprising a video sensor array for 
developing said video stream. 

15. An apparatus for diagonal processing of video data as 
recited in claim 14 further comprising optics for directing an 
image to said video sensor array. 20 

16. An apparatus for diagonal processing of video data as 
recited in claim 9 further comprising a bus interface receptive 
to data from said data compressor. 

17. An apparatus for diagonal processing of video data as 
recited in claim 16 further comprising a digital processing 

25 

system coupled to said bus interface. 
18. An apparatus for diagonal processing of video data as 

recited in claim 17 wherein said digital processing system is 
a personal computer system. 

19. In combination: 
means including a digital processor and memory rotating 

diagonally arranged video data to a rectilinear position; 
and 

30 

means including a digital processor and memory com
pressing said rotated diagonally arranged data by a rec-

35 

tilinear compression algorithm. 

14 
22. The combination as recited in claim 19 wherein said 

rectilinear compression algorithm is at least one of a DCT 
compression and a wavelet compression. 

23. The combination as recited in claim 22 further com
prising means performing additional compression on the out
put of the rectilinear compression algorithm. 
. 24. A non-transitory computer readable medium embody
mg executable code for implementing a method for com-
pressing video data comprising: 

a code segment transforming source video data to rectilin
ear video data when executing on a digital processing 
system; and 

a code segment compressing said rectilinear video data by 
a rectilinear compression algorithm when executing on a 
digital processing system. 

. 25. A non-transitory computer readable medium embody
mg executable code for implementing a method for com
pressing video data as recited in claim 24 wherein said trans
forming includes a rotation of said source video data. 
. 26. A non-transitory computer readable medium embody
mg executable code for implementing a method for com-
pressing video data as recited in claim 25 wherein said rota
tion includes a finite state automaton. 
. 27. A non-transitory computer readable medium embody
mg executable code for implementing a method for com
pressing video data as recited in claim 25 wherein said rota-
tion uses a trigonometric function. 

28. A method for compressing video data on a digital 
processing system comprising: 

transforming source video data to rectilinear video data on 
a digital processing system; and 

compressing said rectilinear video data by a rectilinear 
compression algorithm on said digital processing sys
tem. 

29. A method for compressing video data on a digital 
processing system as recited in claim 28 wherein said trans
forming includes a rotation of said source video data. 20. The combination as recited in claim 19 further com

prising means performing a gamma correction on a video 
stream and separating diagonally arranged data from rectilin
early arranged data in said video stream before rotating said 
diagonally arranged data. 

30. A method for compressing video data on a digital 
processing system as recited in claim 29 wherein said rotation 

40 includes a finite state automaton. 

21. The combination as recited in claim 20 wherein rotat
ing said diagonally arranged data includes feeding said diago
nally arranged data through an address generator. 

31. ~ method for compressing video data on a digital 
processmg system as recited in claim 29 wherein said rotation 
uses a trigonometric function. 

* * * * * 
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(57) ABSTRACT 

The present invention includes a system, method, and article 
of manufacture for decompressing a bit stream of com
pressed data representing a plurality of image blocks. This 
includes a two-step method of processing both a DC code 
and a plurality of AC codes. With respect to the processing 
of the AC codes, a plurality of bits of compressed input data 
relating to the AC codes are first retrieved from the bit 
stream. A first decoding operation is then executed based on 
the obtained compressed input data in order to generate first 
output data. It is then determined whether sufficient space is 
available for the first output data. If it is determined that 
there is sufficient space for the first output data, the first 
output data is outputted. On the other hand, if it is deter
mined that there is insufficient space for the first output data, 
an alternate second decoding operation is executed in order 
to generate second output data. In order to carry out the 
foregoing decoding operations, a data structure is provided 
in a look-up table for being employed by the AC decoder 
during use. Such data structure includes a plurality of data 
segments each having a payload and a pointer. The payload 
includes a plurality of bits in one of a plurality of coding 
schemes. Further, the pointer corresponds to a routine which 
is capable of processing the coding scheme of the payload 
associated with the pointer. The first decoding operation first 
includes the step of performing a look-up in the look-up 
table based on the obtained compressed input data. The 
pointer is then retrieved from one of the data segments that 
corresponds to the obtained compressed input data. Next, the 
routine corresponding to the retrieved pointer is executed. 
The payload is then processed in the executed routine in 
order to generate the first output data. The foregoing routine 
that processes the payload of the data segment in order to 
generate the first output data may take many forms. 

38 Claims, 20 Drawing Sheets 
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SYSTEM, METHOD AND ARTICLE OF 
MANUFACTURE FOR DECOMPRESSING 

DIGITAL CAMERA SENSOR DATA 

2 
400, thus rendering scaled spatial frequency data 402, or 
quantized coefficients. This quantization operation 400 
scales each of the spatial frequency data 302 of the 8x8 grid 
by a quantization factor in terms of importance when viewed 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of copending provi
sional patent application No. 60/146,522, filed on Jul. 30, 
1999, incorporated herein by reference. 

5 by the human eye. For example, low frequency data is scaled 
differently than high frequency data since human vision is 
more sensitive to low frequency light. 

With reference now to Prior Art FIG. 5, the scaled spatial 
frequency data 402 is then processed by a run length coding 

FIELD OF THE INVENTION 

The present invention relates to digital processing of 
compressed video data and more particularly to decompress
ing a bit stream representative of a plurality of video frames 
generated by a digital camera. 

10 scheme 502. As shown, the numbers of the scaled spatial 
frequency data 402 are selected in a "zigzag" fashion, 
serialized, and subsequently encoded. When encoded, 
groups of zeros 504 are detected in the serialized scaled 
spatial frequency data 402 and are subsequently com-

BACKGROUND OF THE INVENTION 

15 pressed. It should be noted that the high frequency data have 
a greater tendency to be subjected to such zero compression. 
This is because during the quantization operation, the high 
frequency data are quantized more, thereby resulting in 
lower numbers approaching zero. 

Prior Art FIG. 6 shows a portion of the serialized bit 
As shown in Prior Art FIG. 1, a digital camera system 100 

typically includes a digital camera 102 having a sensor 104 20 

aligned with a lens 105, where the sensor 104 is capable of 
generating video signals including a plurality of discrete 
images. A display 106 can be coupled to the digital camera 
102 by a digital processing system 108. One function of a 
digital processing system 108 may be to decompress com
pressed video images for the purpose of efficient storage and 
communication. 

Prior Art FIG. 2 shows an initial stage of compression of 
the video signals received from the exemplary digital cam-

30 
era 102. As shown, one of the images 200 is received from 
the sensor 104 of the digital camera 102 and is subsequently 
divided into a plurality of blocks 202, or portions, each 
having dimensions of 16x16 pixels. Thereafter, each of the 
blocks 202 are separated into three color components includ-

35 
ing blue, green and red color components 204a-c, respec
tively. 

stream of Prior Art FIG. 5 after the encoding operation 502 
is carried out. As shown, the groups of zeros 504 are 
compressed and accompanied by a number 602 that is 
representative of the number of zeros. Together, the groups 

25 of zeros 504 and the number 602 form a "Huffman Group" 
604. As will soon become apparent, the number 602 of the 
Huffman Group 604 becomes a coefficient in the resultant bit 
stream. 

With continuing reference to Prior Art FIG. 2, the blue, 
green and red color components 204a--c of each block 202 
are transformed into chrominance (Cb, Cr) and illuminance 40 
(Y) components 206a-c, respectively. This is accomplished 
by a matrix algorithm as will be appreciated by those skilled 
in the art. Next, the chrominance components 206a, 206b are 
compressed to the extent of the having dimensions of 8x8 
pixels, i.e. half the dimensions of the illuminance compo- 45 
nent 206c. The illuminance component 206c is exempted 
from compression due to the sensitivity of the human eye to 
such color component. 

Prior Art FIG. 3 is a subsequent step of processing 
wherein the illuminance component 206c is subdivided into 50 

four components each having dimensions of 8x8 pixels. 
Altogether, a total of six parts are existent at this point in the 
processing for each component. The chrominance and illu
minance components 206a--c are then processed by a dis
crete cosine transform (DCT) operation 300. The DCT 55 

operation 300 translates the pixel data of the chrominance 
and illuminance components 206a-c into corresponding 
spatial frequency data 302. This results in a 8x8 grid of 
spatial frequency numbers. As is conventional, low fre
quency data is positioned at an upper left hand portion of the 60 
8x8 grid, high frequency data is positioned at a lower right 
hand portion of the 8x8 grid, horizontal frequency data is 
positioned at an upper right hand portion of the 8x8 grid, and 
vertical frequency data is positioned at a lower left hand 
portion of the 8x8 grid. 65 

As shown in Prior Art FIG. 4, the spatial frequency data 
302 is subsequently processed by a quantization operation 

Such resultant bit stream is shown in Prior Art FIG. 7. As 
shown, the coefficients 700 are each accompanied by a 
command 702. This command 702 represents the number of 
preceding zeros in addition to the number of bits required to 
encode the number that follows. The length of each com
mand 702 may be optimized by generating short commands 
702 to cover common combinations of data and generating 
long commands 702 to cover unlikely combinations of data. 
The command thus has a variable-length. 

With the image information now compressed, it is thus 
suitable for effective delivery to a desired location. Upon 
delivery, the image information must be decompressed. One 
decompression process of the prior art is shown in Prior Art 
FIG. 8. Upon starting in operation 800, 11 bits of raw data 
are obtained from the compressed bit stream in operation 
802. Such 11 bits of raw data are then used to perform a 
look-up in a look-up table 805 in operation 804. An example 
of such look-up table 805 is shown in FIG. Sa. As shown, the 
look-up table includes a plurality of 2-byte data segments 
807 each of which decodes different 11 bit segments of the 
raw data. For example, a 2-byte data segment may identify 
a command, a number of preceding zeros, and a coefficient 
following the command. 

In operation 804, the 2-byte data segment that corre
sponds to the 11 bits obtained in operation 802 are retrieved. 
The information from the 2-byte data segment is then used 
to emit the number of zeros determined. Note operation 806. 
Next, the command may be consumed, or deleted, in opera
tion 808. The coefficient specified by the 2-byte data seg
ment is then decoded and emitted in operations 810 and 812, 
respectively. Thereafter, the bits of raw data that represent 
the coefficient are consumed in operation 814. Finally, it is 
determined in decision 816 whether any more bits of raw 
data remain. If so, the process of Prior Art FIG. 8 is repeated. 
If not, however, the process is terminated in operation 818. 

It should be noted that the foregoing decompression 
scheme of Prior Art FIG. 8 includes a two-step method of 
processing both a DC code and a plurality of AC codes. As 
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is well known by those of ordinary skill in the art, the DC 
code relates to an initial set of the bits representative of an 
image block while the AC codes relate to a plurality of 
subsequent set of the bits representing the image block. 

The foregoing decoding process of Prior Art FIG. 8 thus 5 

depends on a unique data segment stored in a look-up table 
for every combination of bits of raw data obtained. This 
procedure can be very time consuming and thus result in a 
slow decoding time and lack of efficiency. 

There is thus a need for decompressing a bit stream of 10 

compressed data representing a plurality of image blocks in 
a more expedited manner. 

SUMMARY OF THE INVENTION 

The present invention includes a system, method, and 15 

article of manufacture for decompressing a bit stream of 
compressed video data. In a preferred embodiment, the 
present invention includes a two-step method of processing 
both a DC code and a plurality of AC codes. 

With respect to the processing of the DC code, a plurality 
20 

of bits of compressed input data relating to the DC code are 
first obtained from the bit stream. Thereafter, a look-up is 
performed in a look-up table based on the obtained com
pressed input data. The look-up table includes a plurality of 

25 
data segments each having output data therein. If the look-up 
is unsuccessful, at least one bit of the compressed input data 
is zeroed out and another look-up is performed. Next, a DC 
command component of the compressed input data is con
sumed. DC data is then retrieved from the compressed input 

30 
data after which such DC data is converted to a signed 
integer. ADC coefficient component of the compressed input 
data is then processed and emitted to an alternate buffer. 
Finally, the compressed input data corresponding to the DC 
coefficient component of the compressed input data is con-

35 
sumed. 

In terms of AC code processing, a plurality of bits of 
compressed input data relating to the AC codes are first 
retrieved from the bit stream. A first decoding operation is 
then executed based on the obtained compressed input data 40 
in order to generate first output data. It is then determined 
whether sufficient space is available for the first output data. 
If it is determined that there is sufficient space for the first 
output data, the first output data is outputted. If, however, it 
is determined that there is insufficient space for the first 45 
output data, an alternate second decoding operation is 
executed in order to generate second output data. 

4 
data segment; formatting the extracted data; outputting the 
formatted data; and adding a number of coefficient compo
nents to a block position. 

Another example of the process routine includes the acts 
of: extracting data from the payload of the data segment; 
formatting the extracted data; outputting the formatted data; 
and adding a number of coefficient components to a block 
position. 

Still another example of the process routine includes the 
acts of: extracting two components of data from the payload 
of the data segment; injecting a constant adjacent to the 
components; injecting a number of zeros between the com
ponents of the data from the payload; and adding the 
components of the data from the payload, the constant, and 
the zeros to a block position. In the various alternate 
embodiments, the constant may be injected in front of, 
between, or to the rear of the remaining components. 

Still yet another example of the process routine includes 
the acts of: extracting a pointer from the data segment; 
looking up an n-byte output; emitting the n-byte output; and 
adding the n-byte output to a block position. 

Associated therewith is another example of the process 
routine that includes the acts of: retrieving a coefficient 
component of the compressed input data; converting the 
coefficient component of the compressed input data into a 
signed integer; injecting zeros; emitting the coefficient com-
ponent of the compressed input data; and adding the coef
ficient component of the compressed input data to a block 
position. 

A final example of the process routine includes the acts of: 
extracting an auxiliary pointer from the payload of the data 
segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table; obtaining n bits; 
performing a look-up table jump. 

As mentioned earlier, if during AC decoding it is deter
mined that there is insufficient space for the first output data, 
an alternate second decoding operation is executed in order 
to generate second output data. Such second decoding 
operation includes multiple acts starting with performing a 
look-up in a look-up table based on the obtained compressed 
input data. The look-up table includes a plurality of data 
segments each having the second output data therein. If the 
look-up is unsuccessful, at least one bit of the compressed 
input data is zeroed-out and another look-up is performed. 
The second output data is then retrieved directly from one of 
the data segments that corresponds to the obtained com-
pressed input data. 

After either the first or second output data is outputted, the 
method continues by performing an inverse zigzag operation 

In order to carry out the foregoing decoding operations, a 
data structure is provided in a look-up table for being 
employed by an AC decoder during use. Such data structure 
includes a plurality of data segments each having a payload 
and a pointer. The payload includes a plurality of bits in one 
of a plurality of coding schemes. Further, the pointer cor
responds to a routine which is capable of processing the 
coding scheme of the payload associated with the pointer. 

50 on the output data; merging an alternate buffer with a zigzag 
buffer; performing an inverse quantization operation on the 
output data; performing an inverse DCT operation on the 
output data; and emitting the output data. 

The first decoding operation initially includes the opera
tion of performing a look-up in the look-up table based on 
the obtained compressed input data. The pointer is then 
retrieved from one of the data segments that corresponds to 
the obtained compressed input data. Next, the process rou
tine corresponding to the retrieved pointer is executed. The 
payload is then processed in the executed routine in order to 
generate the first output data. 

The foregoing routine that processes the payload of the 
data segment in order to generate the first output data may 
take many forms. For example, the acts of the process 
routine may include: extracting data from the payload of the 

In another embodiment of the present invention, upon the 
55 extraction of coefficient components of compressed input 

data, zeros are not immediately injected as set forth in the 
foregoing examples of process routines which generate the 
first output data. Instead, the zeros are handled after inverse 
quantization and DCT processing operations are performed. 

60 To accomplish this, information relative to the zeros is 
embedded in the process routine so that zeros may be 
inserted after the inverse quantization and DCT processing 
operations. The present embodiment thus represents another 
mode of operation which can be characterized as a serialized 

65 DCT process. 
In still another embodiment, an additional procedure is 

performed upon obtaining each set of bits, or components of 
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the input bit stream, in order to effect more efficient pro
cessing. In particular, such procedure entails effectively 
inputting the components of the input bit stream into a 
hardware processor in order to process the sets of bits in a 
manner that best exploits the architecture of the hardware 5 

processor. The method begins by extracting a plurality of 
components from the input bit stream. Next, the components 

FIG. 13 is a more detailed flowchart showing the steps 
associated with the alternate decoder operation shown in 
FIG. 12 in accordance with one embodiment of the present 
invention; 

FIG. 14 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; of the input bit stream are analyzed. Based on such analysis, 

the components of the input bit stream are directed into one FIG. 15 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

of a plurality of pipelines of the hardware processor for 10 

processing purposes. In one aspect of the present invention, 
the components of the input bit stream may be directed into 
one of the pipelines based on which pipeline is more suitable FIG. 15a is an illustration showing the injection of zeros 

and a constant between the X and Y components during the 
15 process routine shown in FIG. 15; 

for processing the components, as indicated by the analysis. 

These and other advantages of the present invention will 
become apparent to those skilled in the art upon a reading of 
the following descriptions of the invention and a study of the 
several figures of the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects are better understood from the 
following detailed description of one embodiment of the 
invention with reference to the drawings, in which: 

FIG. 1 is a schematic diagram including a prior art system 
for retrieving and displaying video signals; 

FIG. 2 is an illustration of a prior art method for parti
tioning an image and converting the RGB components 
thereof into Y, Cr, and Cb components; 

FIG. 16 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 

20 
process routine of the present invention; 

FIG. 16a is an additional table of the present invention; 
FIG. 17 is a more detailed flowchart showing the steps 

associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 

25 process routine of the present invention; 
FIG. lS is a more detailed flowchart showing the steps 

associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 19 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 3 is an illustration of a prior art method for parti- 30 

tioning the Y component of FIG. 2 and further converting the 
various components of the image to the frequency domain 
via a conventional discrete cosine transform (DCT) opera
tion; FIG. 20 is a more detailed flowchart showing the steps 

35 associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 4 is an illustration of a prior art method for convert
ing the spatial frequencies of FIG. 3 into quantized coeffi
cients via a conventional quantizer operation; 

FIG. 5 is an illustration of a prior art method for perform
ing a serialization zigzag operation on the quantized coef
ficients of FIG. 4 and subsequently performing a run length 
encoding operation; 

FIG. 6 is an illustration of the resulting data after the steps 
of FIGS. 2-5 have been performed; 

FIG. 21 is an illustration depicting an inverse quantization 

40 
operation, in accordance with one embodiment of the 
present invention; 

FIG. 22 is an illustration depicting an inverse DCT 
operation, in accordance with one embodiment of the 
present invention; 

FIG. 7 is an illustration of the resulting data after the steps 45 

of FIGS. 2-5 have been performed; 
FIG. 23 is an illustration depicting a macro-block assem

bly operation, in accordance with one embodiment of the 
present invention; FIG.Sis an illustration of a prior art method of decoding 

the data received in the form shown in FIG. 7; 
FIG. Sa is an illustration of a prior art look-up table 

employed during the decoding of data by the process shown 50 

in FIG. S; 

FIG. 24 is an illustration depicting an alternate mode of 
operation, in accordance with one embodiment of the 
present invention; 

FIG. 25 illustrates a hardware processor of the present 
invention; and FIG. 9 is a flowchart illustrating a procedure for decoding 

the data received in the form shown in FIG. 7 in accordance 
with one embodiment of the present invention; 

FIG. 9a is a schematic depicting an exemplary hardware 
embodiment of the present invention; 

FIG. 10 is a more detailed flowchart showing the pro
cessing of the DC code shown in FIG. 9 in accordance with 
one embodiment of the present invention; 

FIG. 11 is an illustration of a look-up table employed 
during the decoding of data by the process shown in FIG. 9 
in accordance with one embodiment of the present inven
tion; 

FIG. 12 is a more detailed flowchart showing the pro
cessing of the AC codes shown in FIG. 9 in accordance with 
one embodiment of the present invention; 

FIG. 26 is a schematic showing a hardware/software 
configuration for implementing a parallel processing tech-

55 nique in accordance with one embodiment of the present 

60 

invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIGS. 1-7 illustrate a coding scheme of the prior art. 
FIGS. S and Sa illustrate a decoding process of the prior art. 
With reference now to FIGS. 9-24, it shown that the present 
invention includes a system, method, and article of manu
facture for decompressing a bit stream of compressed data 

65 representing a plurality of image blocks, or portions. 
As shown in FIG. 9, this includes a two-step method of 

processing both a DC code in operation 900 and a plurality 
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of AC codes in operation 902. As is well known by those of 
ordinary skill in the art, the DC code relates to a single initial 
set of the bits representative of an image block while the AC 
codes relate to a plurality of subsequent sets of the bits 
representing the image block. This method is preferably a 5 

computer implemented process executed by a computer 
system as shown in FIG. 9a. 

FIG. 9a illustrates an exemplary hardware configuration 
in accordance with one embodiment having a central pro
cessing unit 910, such as a microprocessor, and a number of 10 

other units interconnected via a system bus 912. The hard
ware configuration shown in FIG. 9a includes Random 
Access Memory (RAM) 914, Read Only Memory (ROM) 
916, an 1/0 adapter 918 for connecting peripheral devices 
such as disk storage units 920 to the bus 912, a user interface 15 

adapter 922 for connecting a keyboard 924, a mouse 926, a 
speaker 928, a microphone 932, and/or other user interface 
devices such as a touch screen (not shown) to the bus 912, 
communication adapter 934 for connecting the hardware 
configuration to a communication network 935 (e.g., a data 20 

processing network) and a display adapter 936 for connect
ing the bus 912 to a display device 938. 

The hardware configuration typically has resident thereon 

8 
1106 includes 10 bits that correspond to a routine stored in 
memory which is capable of processing the coding scheme 
of the payload 1104 associated with the pointer 1106. In 
addition, the data segments 1102 may each further include 4 
bits representing a number, i.e. 1-16, of the obtained bits of 
compressed input data that is understood. Finally, 2 bits are 
left unused. 

With reference now to FIG. 12, the process associated 
with decompressing the AC codes is shown to begin in 
operation 1200. First, a plurality of bits of compressed input 
data relating to the AC codes are first retrieved from the bit 
stream in operation 1202. It should be noted that any number 
of bits may be retrieved that is capable of being handled by 
the foregoing data structure. A first decoding operation 1203 
is then executed based on the obtained compressed input 
data in order to generate first output data. 

The first decoding operation 1203 first includes perform-
ing a look-up in the look-up table based on the obtained 
compressed input data in operation 1202. Note operation 
1204. Such look-up may performed in a look-up table 
"jump" which in turn accesses the look-up table of FIG. 11, 

an operating system such as the Microsoft Windows NT or 
Windows/98/2000 Operating System (OS), the IBM OS/2 
operating system, the MAC OS, or UNIX operating system. 
Those skilled in the art will appreciate that the present 
invention may also be implemented on platforms and oper
ating systems other than those mentioned. 

or may be performed directly to the look-up table. In 
operation 1206, the pointer is then retrieved from one of the 
data segments that corresponds to the obtained compressed 

25 input data after which a jump is executed in operation 1208. 

FIG. 10 shows in greater detail the method of processing 
the DC code of operation 900 of FIG. 9. First, a predeter
mined number of bits of compressed input data relating to 
the DC code are first obtained from the bit stream in 
operation 1002. Thereafter, in operation 1004, a look-up is 
performed in a look-up table based on the obtained com
pressed input data. It should be noted that the present 
look-up table may be similar to the look-up table in opera
tion 804 of Prior Art FIG. 8. In other words, the look-up 
table includes a plurality of data segments each having 

40 
output data therein. 

Next, the process routine corresponding to the retrieved 
pointer is executed in operation 1210. The payload is then 
processed in the executed routine in order to generate the 
first output data, as indicated in operation 1212. The manner 

30 in which the process routine processes the payload will be 
set forth hereinafter in greater detail. 

With continuing reference to FIG. 12, it is shown that a 
recommendation is received as a result of calling the process 

35 
routine that processes the payload. Such recommendation 
comprises the first output data which may take the form of 
a fully decoded output and a number of coefficients or any 
other desired form. It is then determined in decision 1214 

If the look-up of operation 1004 is determined to be 
unsuccessful in decision 1006, at least one bit of the com
pressed input data is zeroed out after which another look-up 
is performed in operation 1008. An unsuccessful look-up 45 
often occurs as a result of a portion of the AC codes being 
inadvertently obtained. Next, a command component of the 
compressed input data is consumed, or deleted, in operation 
1010. DC data is then retrieved from the compressed input 
data in operation 1012 after which such DC data is converted 50 
to a signed integer in operation 1014. Then, in operation 
1016, a DC coefficient component of the compressed input 
data is processed after which it is emitted to an alternate 
buffer in order to accommodate a large size thereof. Note 
operation 1018. Finally, the compressed input data corre- 55 
sponding to the DC coefficient component of the com
pressed input data is consumed. Note operation 1020. 

During DC code processing, the look-up may be per
formed on a prior art look-up table similar to that discussed 
earlier. In order to carry out AC code processing, however, 60 

a specific data structure is employed during use. An example 

whether sufficient space is available for the number of 
coefficients of the first output data. In other words, it is 
determined whether there is room for the image block 
corresponding to the raw data. This determination is 
executed by locating an end of the image block. 

If it is determined that there is sufficient space for the 
coefficients of the first output data in decision 1214, the 
recommendation is accepted and the first output data is 
outputted in operation 1216. Thereafter, the understood bits 
of the raw data are consumed, or deleted, in operation 1218. 
After the first output data is outputted, it is determined in 
decision 1223 whether the decoding operation is currently 
retrieving compressed input data that are representative of 
an end of an image block. If not, the first decoding operation 
1203 is repeated, as shown in FIG. 12. 

If it is determined that there is insufficient space for the 
first output data in decision 1214, an alternate second 
decoding operation 1220 is executed in order to generate 
second output data. More detail will be provided relating to 
the alternate second decoding operation 1220 in reference to 
FIG. 13. 

Once it is determined in decision 1223 that the decoding 
operation is at the end of an image block or the alternate 
second decoding operation 1220 has been executed, an 
inverse zigzag operation is performed on the output data in 
operation 1222. Next, an alternate buffer is merged with a 

of such data structure 1100 is shown in FIG. 11. The data 
structure includes a plurality of data segments 1102 each 
having a payload 1104 and a pointer 1106 which, together, 
amount to 32 bits. The payload 1104 includes 16 bits in one 
of a plurality of coding schemes. In one embodiment, at least 
14 types of code schemes are available. Further, the pointer 

65 zigzag buffer in operation 1224. Thereafter, in operation 
1225, an inverse quantization operation is performed on the 
output data. Further, an inverse DCT operation is performed 
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on the output data in operation 1226 after which the output 
data is emitted in operation 1228, thereby concluding the 
decompression. Additional detail regarding the foregoing 
operations will be set forth hereinafter in greater detail. 

As mentioned earlier, if during AC decoding it is deter
mined that there is insufficient space for the first output data, 
an alternate second decoding operation 1220 is executed in 
order to generate second output data. FIG. 13 is a more 
detailed illustration of the method associated with the alter
nate decoder operation 1220 of FIG. 12. 

As shown in FIG. 13, the alternate second decoding 
operation 1220 includes multiple steps starting with obtain
ing n bits from the input data in operation 1300. The exact 
number of bits may vary depending on a particular Huffman 
decoding scheme being used. For example, 14 bits are 
obtained in operation in one embodiment of the present 
invention. Thereafter, a look-up is performed in a look-up 
table based on the obtained compressed input data. Note 
operation 1302. It should be noted that the look-up table 
includes a plurality of data segments each having the second 
output data therein. 

If the look-up is determined to be unsuccessful in decision 
1304, at least one bit of the compressed input data is 
zeroed-out, or deleted, in operation 1305 and another look
up is performed. In the present description, a bad look-up is 
defined as the situation wherein the input data has no 
corresponding output data in the look-up table, the input data 
corresponds with a meaningless data segment in the look-up 
table, or any other situation where undesired results occur. 
To this end, corrupt or useless data is erased in the search for 
meaningful, useful data which has a corresponding data 
segment in the look-up table. Once a successful look-up 
occurs in decision 1304, the second output data is then 
retrieved directly from one of the data segments in the 
look-up table that corresponds to the currently possessed 
input data. It is then determined in decision 1306 whether a 
current position of the input data corresponds with an end of 
a block of an image. 

Upon it being determined that the compressed input data 
is at the end of a block in decision 1306, the method further 
includes emitting zeros to the end of the block in operation 
1313. If, however, it is determined that the compressed input 
data is not at the end of a block in decision 1306, the method 
further includes multiple operations that are executed given 
information from the second output data. 

10 
various methods in order to generate the first output data. 
Examples of such various methods will now be set forth. 

FIG. 14 illustrates a fundamental example of the process 
routine 1210 shown in FIG. 12. As shown, such routine may 

5 include: extracting data from the payload of the data seg
ment in operation 1400; formatting the extracted data in 
operation 1402; outputting the formatted data in operation 
1404; and adding a number of coefficient components to a 

10 
block position in operation 1406. 

FIG. 15 illustrates another example of the process routine 
of operation 1210 shown in FIG. 12. Such process routine 
first includes the act of extracting two components of data 
from the payload of the data segment in operation 1500. In 
particular, the process routine of FIG. 15 extracts two fully 

15 decoded 8-bit constants X,Y embedded in the payload of the 
data segment. Such constants are eventually intended to take 
the form of output coefficients. Next, a constant A is injected 
adjacent to the components in operation 1502. Note FIG. 
15a. The constant A is smaller than the constants X,Y and 

20 initially resides in the pointer of the data structure of FIG. 
11. As such, the constant A is inherent in the pointer which 
in turn resides in the bit stream. Further, the constant A takes 
little space prior to decoding. It should be noted that for 
every possible combination of constant A and the remaining 

25 constants X,Y, there is a separate corresponding data seg
ment in the look-up table. 

With reference now to operation 1504 of FIG. 15, a 
number of zeros are injected between the constants X,Y of 
the data from the payload. Similar to the constant A, the 

30 zeros are part of the identity of the process routine. Next, in 
operation 1506, the components of the data from the 
payload, the pointer, and the zeros are added to a block 
position. In the various alternate embodiments, the constant 
A may be injected in front or to the rear of the remaining 

35 components. In still other embodiments, the constants A 
and/or Y may be excluded. 

FIG. 16 illustrates yet another embodiment of the process 
routine 1210 of FIG. 12, wherein a pointer is first extracted 

40 
from the data segment in operation 1600. It should be noted 
that the present pointer is not that which accesses the data 
segment, but rather an additional pointer situated in the 
payload. Such additional pointer is then used to access a data 
segment in an additional table 1601 like that shown in FIG. 

45 
16a. The additional table 1601 of FIG. 16a is 8-bytes wide 
with eight entries 1603. Use of the additional table is limited 
to numbers which are capable of fitting within one of the 
eight entries. In alternate embodiments, the table may be 

As shown in FIG. 13, such steps include operation 1308 
wherein the zeros are emitted as specified by the second 
output data. A command component of the compressed input 
data is then consumed in operation 1310 after which a 50 
coefficient component of the compressed input data is 
retrieved in operation 1312. Next, the coefficient component 

configured in any size of n-bytes. 
With continuing reference to FIG. 16, an 8-byte output is 

looked up in the additional table and thereafter emitted to the 
regular buffer in operation 1602 and 1604, respectively. 
Thereafter, the 8-byte output is added to a block position in 
operation 1606. 

of the compressed input data is consumed. Note operation 
1314. The coefficient component of the compressed input 
data is then converted to a signed integer. Note operation 55 
1316. 

Still yet another example of the process routine of opera-
tion 1210 of FIG. 12 is shown in FIG. 17. The current 
example does not employ the payload of the corresponding 
data segments of the data structure of FIG. 11. Further, the 
present process routine may be especially useful when a 

If the coefficient component is of an appropriate size to fit 
in the normal buffer as determined in decision 1318, the 
coefficient component of the compressed input data is emit
ted in operation 1320. It is then determined again in decision 
1322 whether a current position is at an end of a block of an 
image. If not, the present invention obtains another n bits in 
operation 1300 and the method is repeated. 

FIGS. 14--18 illustrate more detailed flowcharts showing 
various permutations associated with the process routine of 
operation 1210 shown in FIG. 12. Such routine processes the 
payload of the data segment of FIG. 11 in accordance with 

60 number of bits representative of a command is large enough 
to preclude the retrieval of the bits associated with the 
coefficient. 

When executed, the process routine of FIG. 17 first 
includes the act of retrieving a coefficient component of the 

65 compressed input data in the form of raw bits. Note opera
tion 1700. It should be noted that a number of raw bits to be 
retrieved is inherent in the process routine. Next, the coef-
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ficient component of the compressed input data is converted 
12 

to those of ordinary skill, the 2-D DCT operation processes 
the spatial frequency coefficients 2104 in order to generate 
image data 2200. Such image data 2200 takes the form of a 
plurality of 8x8 data samples which each comprise a portion 

to into a signed integer in operation 1702. Zeros are then 
injected in operation 1704. In one embodiment, this may be 
accomplished by simply advancing an output pointer in a 
field of existing zeros inherent in the process routine. The 
coefficient component of the compressed input data is then 
emitted in operation 1706. The coefficient component of the 
compressed input data is added to the main buffer unless too 
large in which case the coefficient component is emitted to 
the alternate buffer. Next, in operation 1708, the coefficient 
component of the compressed input data is added to a block 
position. 

5 of a color component of an image block. 

FIG. 23 illustrates the block assembly operation 1228 of 
FIG. 12, wherein the portions of the color components 2300 
of the image block are combined into 16x16 data samples 
2302 which represent a complete color component of the 

FIG.18 illustrates still another embodiment of the process 
routine of operation 1210 of FIG. 12. Namely, such process 
routine accommodates the situation in which an amount of 
bits obtained is insufficient in containing all of the necessary 
Huffman Coding commands. This is accomplished by a 
second look-up which is performed with remaining bits to be 
processed. The instant process routine initially includes 
extracting an auxiliary pointer from the payload of the data 
segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table. Note operation 
1800. Next, bits are obtained from the compressed input data 

10 corresponding image block. Next, a matrix multiplication 
operation 2304 is executed which combines the color com
ponents in order to render the complete image block 2306 
that is representative of RGB values. The data samples are 
thus ready for conventional final processing for display, 

15 storage, transmission, or the like. 

in operation 1802. It should be noted that in the present 
embodiment, look-ups may be continuously executed until 
desired data is obtained. See operation 1804 

FIG. 24 illustrates another embodiment of the present 
invention the beginning of which is similar to that disclosed 
in FIG. 15. A major difference resides in the fact that upon 
the extraction of coefficient components of compressed 

20 input data, zeros are not immediately injected as set forth in 
the foregoing examples of process routines which generate 
the first output data. Instead, the zeros are handled after 
inverse quantization and DCT processing operations are 
performed. To accomplish this, information relative to the 

25 zeros is embedded in the process routine so that zeros may 
be inserted after the inverse quantization and DCT process
ing operations. The present embodiment thus represents 
another mode of operation which can be characterized as a 
serialized DCT process. 

As shown earlier in FIG. 12, multiple final steps are taken 
in order to complete decompression of the data. The inverse 
zigzag operation 1222 of FIG. 12 is shown in greater detail 
in FIG. 19. Such operation is necessary in order to reverse 
the order of the data, thereby negating the effects of the 
zigzag operation during compression in order to prepare for 
an inverse DCT operation. To accomplish the inverse zigzag 
operation, a reverse order operation 1900, a first transpose 
operation 1902, a rotation 1904, and a second transpose 
operation 1906 is carried out in a manner well known to 
those skilled in the art. In the alternative, the inverse zigzag 
operation may be modified for various microprocessors that 
may be currently used. 

30 

35 

While the inverse zigzag operation and the remaining 40 
decompression operations perform better with data of a 
smaller magnitude, i.e. 8/bits per sample, the data may be 
expanded to 16/bits per sample in order to accommodate 
larger requirements of certain blocks of the image. To 
accommodate such situation, an alternate buffer 2000 is 45 
merged with a zigzag buffer 2002, as shown in FIG. 20. By 
this structure, blocks of the image requiring 16/bits per 
sample may be accommodated and an output of 8/bits per 
sample may be obtained. As such, the remaining decom
pression operations may expediently process the data at 50 
8/bits per sample while still accommodating periodic 
requirements for larger data samples of up to 16/bits per 
sample. It should be noted that each of the coefficients that 
reside in the alternate buffer include a tag or identifier 2004 
to indicate a proper location or order in the inverse zigzag 55 
operation. 

In particular, the embodiment of FIG. 24 begins in opera-
tion 2400 by extracting a plurality of non-zero coefficients 
upon which a non-zero coefficient is retrieved in operation 
2402. Next, in operation 2404, inverse quantization is per-
formed similar to that disclosed in reference to FIG. 21. 
Thereafter, an inverse DCT process is executed in a manner 
similar to that set forth hereinabove in FIG. 22. It should be 
noted that the inverse DCT process is carried out only on 
coefficients eligible. See operation 2406. Finally, the zeros 
are handled in operation 2408. 

In still another embodiment, the present invention 
employs an additional procedure upon obtaining each set of 
n bits in order to effect more efficient processing. In 
particular, such procedure entails effectively inputting the n 
bits into a hardware processor in order to process the sets of 
n bits in a manner that best exploits the particular architec-
ture of the hardware processor. 

FIG. 25 shows a hardware processor 2500, or central 
processing unit, which receives data by way of a software
governed method. It should be understood that such method 
may also be executed by hardware, or even a portion of the 
hardware processor 2500. In order to receive such data for 
processing, the hardware processor 2500 includes at least 
two "pipelines" 2502 and 2504 which include inputs to 
separate components of the hardware processor. Such archi
tecture is commonly known to those skilled in the art. For 
example, such hardware processor may take the form of an 
INTEL PENTIUM processor. Each of the components of the 
hardware processor are adapted to process the inputted data 
independently and even in different manners. 

With continuing reference to FIG. 25, the software may 
include multiple components one of which includes a pro
cessor module 2506. At least one of the functions of the 

FIG. 21 is an illustration of operation 1225 of FIG. 12 
which includes the inverse quantization operation. The spe
cific order of such inverse quantization operation is critical 
since such operation performs optimally on data samples of 60 

smaller sizes like those outputted by the auxiliary buffer 
2000. As shown in FIG. 21, the quantized coefficients 2100 
from the auxiliary buffer 2000 are multiplied by inverse 
quantization coefficients 2102 thus rendering spatial fre
quency coefficients 2104. 

processor module 2506 is to obtain sets of n bits and 
65 optionally process them using the various methods set forth 

hereinabove. In addition to the processor module 2506, a 
pipe data analyzer 2508 may be employed to feed each set 

FIG. 22 shows in greater detail the two-dimensional (2-D) 
inverse DCT operation 1226 of FIG. 12. As is well known 
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of bits to the pipelines 2502 and 2504 of the hardware 
processor 2500. 

Which of the two or more pipelines to which the pipe data 
analyzer 2508 sends each set of bits may depend on various 
factors. For example, each set of bits may be directed to the 5 

pipelines 2502 and 2504 of the hardware processor 2500 
based on which pipeline affords most efficient use of the 
hardware processor 2500. In the alternative, the pipe data 
analyzer 2508 may direct each set of bits based on which of 
the pipelines 2502 and 2504 of the hardware processor 2500 10 

is best suited to handle the associated processing. 

FIG. 26 illustrates a method associated with the hardware 
of FIG. 25. As shown, the method begins in operation 2600 
by the processor module 2506 extracting sets of bits, or 
components, from an input bit stream. Next, in operation 15 

2602, the components of the input bit stream are analyzed by 
the pipe data analyzer 2508. Based on such analysis, the 
components of the input bit stream are directed into one of 
the pipelines for processing purposes. In one embodiment, 
the components of the input bit stream may be directed into 20 

one of the pipelines based on which pipeline is more suitable 
for processing the components, as indicated by the analysis. 
In any embodiment, an increase in efficiency is achieved 
during processing. 

25 
While this invention has been described in terms of 

several preferred embodiments, it is contemplated that 
alternatives, modifications, permutations, and equivalents 
thereof will become apparent to those skilled in the art upon 
a reading of the specification and study of the drawings. It 

30 
is therefore intended that the true spirit and scope of the 
present include all such alternatives, modifications, 
permutations, and equivalents. 

What is claimed is: 
1. A method for decompressing a bit stream of com-

35 
pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream; 

executing a first AC decoding operation based on the 40 

obtained plurality of bits of compressed input data in 
order to generate first output data as a recommendation; 

emitting the first output data if it is determined that the 
recommendation should be accepted; and 

executing a second AC decoding operation in order to 45 

generate second output data if it is determined the 
recommendation should not be accepted. 

2. The method as set forth in claim 1, wherein the first 
decoding operation includes: 

performing a look-up in a look-up table based on the 50 

obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each having 
a payload including a plurality of bits in one of a 
plurality of coding schemes and a pointer correspond
ing to a routine which is capable of processing the 55 

coding scheme of the payload associated with the 
pointer; 

retrieving the pointer from one of the data segments that 
corresponds to the obtained compressed input data; 

executing the routine corresponding to the retrieved 
pointer; and 

processing the payload in the executed routine in order to 
generate the first output data. 

60 

3. The method as set forth in claim 2, wherein the 65 

execution of the routine includes: 
extracting data from the payload of the data segment; 

14 
formatting the extracted data; 
outputting the formatted data; and 
adding a number of coefficient components to a block 

position. 
4. A method for decompressing a bit stream of com

pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream; 

executing a first decoding operation based on the obtained 
compressed input data in order to generate first output 
data; 

determining whether sufficient space is available for the 
first output data; 

emitting the first output data if it is determined that there 
is sufficient space for the first output data; and 

executing a second decoding operation in order to gen
erate second output data if it is determined that there is 
insufficient space for the first output data; wherein the 
second decoding operation includes: 
performing a look-up in a look-up table based on the 

obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each 
including the second output data therein; 

zeroing out at least one bit of the compressed input data 
and performing another look-up if the look-up is 
unsuccessful; 

retrieving the second output data from one of the data 
segments that corresponds to the obtained com
pressed input data; and 

determining whether a current position is at an end of 
an image portion. 

5. The method as set forth in claim 4, wherein upon being 
determined that the current position is not at the end of an 
image portion, the method further includes: 

emitting zeros as specified by the second output data; 
consuming a command component of the compressed 

input data; 
retrieving a coefficient component of the compressed 

input data; 
consuming the coefficient component of the compressed 

input data; 
converting the coefficient component of the compressed 

input data to a signed integer; 
emitting the coefficient component of the compressed 

input data if the coefficient component is of an appro
priate size; and 

determining whether a current position is at an end of an 
image portion. 

6. The method as set forth in claim 5, wherein upon being 
determined that the current position is at the end of an image 
portion, the method further includes: 

performing an inverse zigzag operation on the second 
output data; 

merging an alternate buffer with a zigzag buffer; 
performing an inverse quantization operation on the sec

ond output data; 
performing an inverse DCT operation on the second 

output data; and 
emitting the second output data. 
7. The method as set forth in claim 4, wherein upon being 

determined that the current position is at the end of an image 
portion, the method further includes: 

emitting zeros; 
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performing an inverse zigzag operation on the second 
output data; 

merging an alternate buffer with a zigzag buffer; 
performing an inverse quantization operation on the sec

ond output data; 
performing an inverse DCT operation on the second 

output data; and 
emitting the second output data. 

5 

8. A computer program embodied on a computer readable 
10 

medium for decompressing a bit stream of compressed data 
representing a plurality of image portions, the computer 
program comprising: 

a code segment for obtaining a plurality of bits of com
pressed input data from a bit stream; 

a code segment for executing a first AC decoding opera
tion based on the obtained plurality of bits of com
pressed input data in order to generate first output data 

15 

16 
a code segment for executing a second decoding operation 

in order to generate second output data if it is deter
mined that there is insufficient space for the first output 
data; wherein the second decoding operation is carried 
out by: 
a code segment for performing a look-up in a look-up 

table based on the obtained compressed input data, 
wherein the look-up table includes a plurality of data 
segments each including the second output data 
therein; 

a code segment for zeroing out at least one bit of the 
compressed input data and performing another look
up if the look-up is unsuccessful; 

a code segment for retrieving the second output data 
from one of the data segments that corresponds to the 
obtained compressed input data; and 

a code segment for determining whether a current 
position is at an end of an image portion. 

as a recommendation; 
a code segment for emitting the first output data if it is 

determined that the recommendation should be 
accepted; and 

12. The computer program as set forth in claim 11, 
20 wherein upon being determined that the current position is 

not at the end of an image portion, the computer program 
further executes: 

a code segment for executing a second AC decoding 
operation in order to generate second output data if it is 
determined that the recommendation should not be 25 

accepted. 
9. The computer program as set forth in claim 8, wherein 

the first decoding operation is carried out by: 
a code segment for performing a look-up in a look-up 

table based on the obtained compressed input data, 30 

wherein the look-up table includes a plurality of data 
segments each having a payload including a plurality of 
bits in one of a plurality of coding schemes and a 
pointer corresponding to a routine which is capable of 
processing the coding scheme of the payload associated 35 

with the pointer; 

a code segment for emitting zeros as specified by the 
second output data; 

a code segment for consuming a command component of 
the compressed input data; 

a code segment for retrieving a coefficient component of 
the compressed input data; 

a code segment for consuming the coefficient component 
of the compressed input data; 

a code segment for converting the coefficient component 
of the compressed input data to a signed integer; 

a code segment for emitting the coefficient component of 
the compressed input data if the coefficient component 
is of an appropriate size; and 

a code segment for determining whether a current position 
is at an end of an image portion. 

a code segment for retrieving the pointer from one of the 
data segments that corresponds to the obtained com
pressed input data; 

a code segment for executing the routine corresponding to 
the retrieved pointer; and 

a code segment for processing the payload in the executed 
routine in order to generate the first output data. 

13. The computer program as set forth in claim 12, 
40 wherein upon being determined that the current position is 

at the end of an image portion, the computer program further 
executes: 

10. The computer program as set forth in claim 9, wherein 45 
the routine is carried out by: 

a code segment for extracting data from the payload of the 
data segment; 

a code segment for formatting the extracted data; 
a code segment for outputting the formatted data; and 50 

a code segment for adding a number of coefficient com-
ponents to a block position. 

11. A computer program embodied on a computer read
able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, the computer 55 

program comprising: 
a code segment for obtaining a plurality of bits of com

pressed input data from a bit stream; 
a code segment for executing a first decoding operation 60 

based on the obtained compressed input data in order to 
generate first output data; 

a code segment for determining whether sufficient space 
is available for the first output data; 

a code segment for emitting the first output data if it is 65 

determined that there is sufficient space for the first 
output data; and 

a code segment for performing an inverse zigzag opera
tion on the second output data; 

a code segment for merging an alternate buffer with a 
zigzag buffer; 

a code segment for performing an inverse quantization 
operation on the second output data; 

a code segment for performing an inverse DCT operation 
on the second output data; and 

a code segment for emitting the second output data. 
14. The computer program as set forth in claim 11, 

wherein upon being determined that the current position is 
at the end of an image portion, the computer program further 
executes: 

a code segment for emitting zeros; 
a code segment for performing an inverse zigzag opera

tion on the second output data; 
a code segment for merging an alternate buffer with a 

zigzag buffer; 
a code segment for performing an inverse quantization 

operation on the second output data; 
a code segment for performing an inverse DCT operation 

on the second output data; and 
a code segment for emitting the second output data. 

Case 6:14-cv-00296   Document 1-5   Filed 04/23/14   Page 30 of 33 PageID #:  146



US 6,850,647 Bl 
17 

15. A method for decompressing a bit stream of com
pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream; 

performing a look-up in a look-up table based on the 
obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each having 

5 

a payload including a plurality of bits in one of a 
plurality of coding schemes and a pointer correspond- 10 

ing to a routine which is capable of precessing the 
coding scheme of the payload associated with the 
pointer; 

retrieving the pointer from one of the data segments that 
15 

corresponds to the obtained compressed input data; 

18 
a payload including a plurality of bits in one of a 
plurality of coding schemes and a pointer correspond
ing to a routine which is capable of processing the 
coding scheme of the payload associated with the 
pointer; 

retrieving the pointer from one of the data segments that 
corresponds to the obtained compressed input data; 

executing the routine corresponding to the retrieved 
pointer; and 

processing the payload in the executed routine in order to 
generate output data, 

wherein the execution of the routine includes: 
extracting an auxiliary pointer from the payload of the 

data segment that corresponds to one of a plurality of 
auxiliary data segments in an auxiliary look-up table; 

obtaining n bits; and 
performing a look-up table jump. executing the routine corresponding to the retrieved 

pointer, wherein the execution of the routine includes: 
extracting a pointer from the data segment; 
looking up an n-byte output; 
emitting the n-byte output; and 

21. A computer program embodied on a computer read
able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, the computer 

20 program comprising: 

adding the n-byte output to a block position; and 
processing the payload in the executed routine in order to 

generate output data. 
16. A method for decompressing a bit stream of com- 25 

pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream, 

performing a look-up in a look-up table based on the 30 

obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each having 
a payload including a plurality of bits in one of a 
plurality of coding schemes and a pointer correspond
ing to a routine which is capable of processing the 35 

coding scheme of the payload associated with the 
pointer; 

retrieving the pointer from one of the data segments that 
corresponds to the obtained compressed input data; 

executing the routine corresponding to the retrieved 40 

pointer; and 
processing the payload in the executed routine in order to 

generate output data, 
wherein the execution of the routine includes: 

extracting two components of data from the payload of 
the data segment; 

injecting a constant adjacent to the components of the 
data from the payload; 

45 

injecting a number of zeros between the components of 50 
the data from the payload; and 

adding the components of the data from the payload, 
the constant, and the zeros to a block position. 

17. The method as set forth in claim 16, wherein the 
constant is injected between the components. 

18. The method as set forth in claim 16, wherein the 
constant is injected in front of the components. 

19. The method as set forth in claim 16 wherein the 
constant is injected to the rear of the components. 

55 

20. A method for decompressing a bit stream of com- 60 
pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream; 

performing a look-up in a look-up table based on the 65 

obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each having 

a code segment for obtaining a plurality of bits of com
pressed input data from a bit stream; 

a code segment for performing a look-up in a look-up 
table based on the obtained compressed input data, 
wherein the look-up table includes a plurality of data 
segments each having a payload including a plurality of 
bits in one of a plurality of coding schemes and a 
pointer corresponding to a routine which is capable of 
processing the coding scheme of the payload associated 
with the pointer; 

a code segment for retrieving the pointer from one of the 
data segments that corresponds to the obtained com
pressed input data; 

a code segment for executing the routine corresponding to 
the retrieved pointer, 

wherein the routine is carried out by: 
a code segment for extracting a pointer from the data 

segment; 
a code segment for looking up an n-byte output; 
a code segment for emitting the n-byte output; and 
a code segment for adding the n-byte output to a block 

position; and 
a code segment for processing the payload in the executed 

routine in order to generate the output data. 
22. A computer program embodied on a computer read

able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, the computer 
program comprising: 

a code segment for obtaining a plurality of bits of com
pressed input data from a bit stream; 

a code segment for performing a look-up in a look-up 
table based on the obtained compressed input data, 
wherein the look-up table includes a plurality of data 
segments each having a payload including a plurality of 
bits in one of a plurality of coding schemes and a 
pointer corresponding to a routine which is capable of 
processing the coding scheme of the payload associated 
with the pointer; 

a code segment for retrieving the pointer from one of the 
data segments that corresponds to the obtained com
pressed input data; 

a code segment for executing the routine corresponding to 
the retrieved pointer; and 

a code segment for processing the payload in the executed 
routine in order to generate the output data, wherein the 
routine is carried out by: 
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a code segment for extracting two components of data 
from the payload of the data segment; 

a code segment for injecting a constant adjacent to the 
components of the data from the payload; 

a code segment for injecting a number of zeros between 5 

the components of the data from the payload; and 
a code segment for adding the components of the data 

from the payload, the constant, and the zeros to a 
block position. 

23. The computer program as set forth in claim 22 10 

wherein the constant is injected between the components. 
24. The computer program as set forth in claim 22, 

wherein the constant is injected in front of the components. 
25. The computer program as set forth in claim 22 

wherein the constant is injected to the rear of the compo- 15 

nents. 
26. A computer program embodied on a computer read

able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, the computer 
program comprising: 20 

a code segment for obtaining a plurality of bits of com
pressed input data from a bit stream; 

a code segment for performing a look-up in a look-up 
table based on the obtained compressed input data, 
wherein the look-up table includes a plurality of data 25 

segments each having a payload including a plurality of 
bits in one of a plurality of coding schemes and a 
pointer corresponding to a routine which is capable of 
processing the coding scheme of the payload associated 
with the pointer; 30 

a code segment for retrieving the pointer from one of the 
data segments that corresponds to the obtained com
pressed input data; 

a code segment for executing the routine corresponding to 35 
the retrieved pointer; and 

a code segment for processing the payload in the executed 
routine in order to by generate the output data, wherein 
the routine is carried out by: 
a code segment for extracting an auxiliary pointer from 40 

the payload of the data segment that corresponds to 
one of a plurality of auxiliary data segments in an 
auxiliary lookup table; 

a code segment for obtaining n bits; and 
a code segment for performing a look-up table jump. 45 

27. A method for decompressing a bit stream of com
pressed data representing a plurality of image portions, 
comprising: 

obtaining a plurality of bits of compressed input data from 
a bit stream; 50 

performing a look-up in a look-up table based on the 
obtained compressed input data, wherein the look-up 
table includes a plurality of data segments each includ
ing output data therein; 

55 
zeroing out at least one bit of the compressed input data 

and performing another lookup if the look-up is unsuc
cessful; 

retrieving the output data from one of the data segments 
that corresponds to the obtained compressed input data; 60 
and 

determining whether a current position is at an end of an 
image portion. 

28. The method as set forth in claim 27 wherein upon 
being determined that the current position is not at the end 65 

of an image portion, the method further includes: 
emitting zeros as specified by the output data; 

20 
consuming a command component of the compressed 

input data; 

retrieving a coefficient component of the compressed 
input data; 

consuming the coefficient component of the compressed 
input data; 

converting the coefficient component of the compressed 
input data to a signed integer; 

emitting the coefficient component of the compressed 
input data if the coefficient component is of an appro
priate size; and 

determining whether a current position is at an end of an 
image portion. 

29. The method as set forth in claim 27 wherein upon 
being determined that the current position is at the end of an 
image portion, the method further includes: 

emitting zeros; 
performing an inverse zigzag operation on the output 

data; 

merging an alternate buffer with a zigzag buffer; 

performing an inverse quantization operation on the out
put data; 

performing an inverse DCT operation on the output data; 
and 

emitting the output data. 
30. The method as set forth in claim 27, wherein upon 

being determined that the current position is at the end of an 
image portion, the method further includes: 

performing an inverse zigzag operation on the output 
data; 

merging an alternate buffer with a zigzag buffer; 

performing an inverse quantization operation on the out
put data; 

performing an inverse DCT operation on the output data; 
and 

emitting the output data. 
31. A computer program embodied on a computer read

able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, the computer 
program comprising: 

a code segment for obtaining a plurality of bits of com
pressed input data from a bit stream; 

a code segment for performing a look-up in a look-up 
table based on the obtained compressed input data, 
wherein the look-up table includes a plurality of data 
segments each including output data therein; 

a code segment for zeroing out at least one bit of the 
compressed input data and performing another look-up 
if the look-up is unsuccessful; 

a code segment for retrieving the output data from one of 
the data segments that corresponds to the obtained 
compressed input data; and 

a code segment for determining whether a current position 
is at an end of an image portion. 

32. The computer program as set forth in claim 31 
wherein upon being determined that the current position is 
not at the end of an image portion, the computer program 
further executes: 

a code segment for emitting zeros as specified by the 
output data; 

a code segment for consuming a command component of 
the compressed input data; 
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a code segment for retrieving a coefficient component of 
the compressed input data; 

22 
a code segment for performing an inverse DCT operation 

on the output data; and 

a code segment for consuming the coefficient component a code segment for emitting the output data. 
of the compressed input data; 35. A method for decompressing a bit stream of com-

a code segment for converting the coefficient component 5 pressed data representing a plurality of image portions, 
of the compressed input data to a signed integer; comprising: 

a code segment for emitting the coefficient component of extracting a plurality of coefficient components from a bit 
the compressed input data if the coefficient component stream; 
is of an appropriate size; and 

10 
executing an inverse quantization operation on at least 

a code segment for determining whether a current position some of the coefficient components; 
is at an end of an image portion. executing an inverse DCT operation on at least some of 

33. The computer program as set forth in claim 31, the coefficient components; and 
wherein upon being determined that the current position is inserting zeros between the coefficient components after 
at the end of an image portion, the computer program further 15 executing the inverse quantization operation and the 
executes: inverse DCT operation. 

a code segment for emitting zeros; 36. The method as set forth in claim 35, wherein the 
a code segment for performing an inverse zigzag opera- inverse DCT operation is executed only on the coefficient 

tion on the output data; components that are eligible. 

a code segment for merging an alternate buffer with a 20 

zigzag buffer; 

a code segment for performing an inverse quantization 
operation on the output data; 

a code segment for performing an inverse DCT operation 25 
on the output data; and 

a code segment for emitting the output data. 
34. The computer program as set forth in claim 33 

wherein upon being determined that the current position is 
at the end of an image portion, the computer program further 30 

executes: 

a code segment for performing an inverse zigzag opera
tion on the output data; 

a code segment for merging an alternate buffer with a 
zigzag buffer; 35 

a code segment for performing an inverse quantization 
operation on the output data; 

37. A computer program embodied on a computer read
able medium for decompressing a bit stream of compressed 
data representing a plurality of image portions, comprising: 

a code segment for extracting a plurality of coefficient 
components from a bit stream; 

a code segment for executing an inverse quantization 
operation on at least some of the coefficient compo
nents; 

a code segment for executing an inverse DCT operation 
on at least some of the coefficient components; and 

a code segment for inserting zeros between the coefficient 
components after executing the inverse quantization 
operation and the inverse DCT operation. 

38. The computer program as set forth in claim 37 
wherein the inverse DCT operation is executed only on the 
coefficient components that are eligible. 

* * * * * 
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SYSTEM, METHOD AND ARTICLE OF 
MANUFACTURE FOR DECOMPRESSING 

DIGITAL CAMERA SENSOR DATA 

CROSS REFERENCE TO RELATED 
APPLICATION 

2 
tioned at a lower right hand portion of the 8x8 grid, horizontal 
frequency data is positioned at an upper right hand portion of 
the 8x8 grid, and vertical frequency data is positioned at a 
lower left hand portion of the 8x8 grid. 

As shown in Prior Art FIG. 4, the spatial frequency data 3 02 
is subsequently processed by a quantization operation 400, 
thus rendering scaled spatial frequency data 402, or quantized 
coefficients. This quantization operation 400 scales each of 
the spatial frequency data 302 of the 8x8 grid by a quantiza-

10 ti on factor in terms of importance when viewed by the human 
eye, For example, low frequency data is scaled differently 
thanhigh frequency data since human vision is more sensitive 
to low frequency light. 

This application is a continuation of U.S. patent applica
tion Ser. No. 11/018,861 filed Dec. 20, 2004, now U.S. Pat. 
No. 7,245,772, which is a continuation of U.S. patent appli
cation Ser. No. 09/626,012, filed Jul. 26, 2000, now U.S. Pat. 
No. 6,850,647, which claims the benefit of U.S. Provisional 
Patent Application No. 60/146,522, filed on Jul. 30, 1999, 
each of which applications is incorporated herein by refer
ence. Additionally, this application is related to co-owned 15 

U.S. patent application Ser. No. 11/657,705, filed on Jan. 23, 
2007, which is also incorporated herein by reference. 

FIELD OF THE INVENTION 

With reference now to Prior Art FIG. 5, the scaled spatial 
frequency data 402 is then processed by a run length coding 
scheme 502. As shown, the numbers of the scaled spatial 
frequency data 402 are selected in a "zigzag" fashion, serial
ized, and subsequently encoded. When encoded, groups of 
zeros 504 are detected in the serialized scaled spatial fre-

The present invention relates to digital processing of com
pressed video data and more particularly to decompressing a 
bit stream representative of a plurality of video frames gen
erated by a digital camera. 

20 quency data 402 and are subsequently compressed. It should 
be noted that the high frequency data have a greater tendency 
to be subjected to such zero compression. This is because 
during the quantization operation, the high frequency data are 
quantized more, thereby resulting in lower numbers 

BACKGROUND OF THE INVENTION 
25 approaching zero. 

As shown in Prior Art FIG. 1, a digital camera system 100 
typically includes a digital camera 102 having a sensor 104 
aligned with a lens 105, where the sensor 104 is capable of 
generating video signals including a plurality of discrete 
images. A display 106 can be coupled to the digital camera 
102 by a digital processing system 108. One function of a 
digital processing system 108 may be to decompress com
pressed video images for the purpose of efficient storage and 35 

Prior Art FIG. 6 shows a portion of the serialized bit stream 
of Prior Art FIG. 5 afterthe encoding operation 502 is carried 
out. As shown, the groups of zeros 504 are compressed and 
accompanied by a number 602 that is representative of the 

30 number of zeros. Together, the groups of zeros 504 and the 
number 602 form a "Huffman Group" 604. As will soon 
become apparent, the number 602 of the Huffman Group 604 
becomes a coefficient in the resultant bit stream. 

communication. 

Such resultant bit stream is shown in Prior Art FIG. 7. As 
shown, the coefficients 700 are each accompanied by a com
mand 702. This command 702 represents the number of pre
ceding zeros in addition to the number of bits required to 
encode the number that follows. The length of each command 

Prior Art FIG. 2 shows an initial stage of compression of 
the video signals received from the exemplary digital camera 
102. As shown, one of the images 200 is received from the 
sensor 104 of the digital camera 102 and is subsequently 
divided into a plurality ofblocks 202, or portions, each having 
dimensions of 16x 16 pixels. Thereafter, each of the blocks 
202 are separated into three color components including blue, 
green and red color components 204a-c, respectively. 

40 
702 may be optimized by generating short commands 702 to 
cover common combinations of data and generating long 
commands 702 to cover unlikely combinations of data. The 
command thus has a variable-length. 

With continuing reference to Prior Art FIG. 2, the blue, 45 

green and red color components 204a-c of each block 202 are 
transformed into chrominance (Cb, Cr) and illuminance (Y) 
components 206a-c, respectively. This is accomplished by a 
matrix algorithm as will be appreciated by those skilled in the 
art. Next, the chrominance components 206a, 206b are com- 50 

pressed to the extent of the having dimensions of 8x8 pixels, 

With the image information now compressed, it is thus 
suitable for effective delivery to a desired location. Upon 
delivery, the image information must be decompressed. One 
decompression process of the prior art is shown in Prior Art 
FIG. 8. Upon starting in operation 800, 11 bits of raw data are 
obtained from the compressed bit stream in operation 802. 
Such 11 bits of raw data are then used to perform a look-up in 
a look-up table 805 in operation 804. An example of such 
look-up table 805 is shown in FIG. Sa. As shown, the look-up 
table includes a plurality of 2-byte data segments 807 each of 
which decodes different 11 bit segments of the raw data. For 

i.e. half the dimensions of the illuminance component 206c. 
The illuminance component 206c is exempted from compres
sion due to the sensitivity of the human eye to such color 
component. 55 example, a 2-byte data segment may identify a command, a 

number of preceding zeros, and a coefficient following the 
command. 

Prior Art FIG. 3 is a subsequent step of processing wherein 
the illuminance component 206c is subdivided into four com
ponents each having dimensions of 8x8 pixels Altogether, a 
total of six parts are existent at this point in the processing for 
each component. The chrominance and illuminance compo- 60 

nents 206a-c are then processed by a discrete cosine trans
form (DCT) operation 300. The DCT operation 300 translates 
the pixel data of the chrominance and illuminance compo
nents 206a-c into corresponding spatial frequency data 302. 
This results in a 8x8 grid of spatial frequency numbers. As is 65 

conventional, low frequency data is positioned at an upper left 
hand portion of the 8x8 grid, high frequency data is posi-

In operation 804, the 2-byte data segment that corresponds 
to the 11 bits obtained in operation 802 are retrieved. The 
information from the 2-byte data segment is then used to emit 
the number of zeros determined. Note operation 806. Next, 
the command may be consumed, or deleted, in operation 808. 
The coefficient specified by the 2-byte data segment is then 
decoded and emitted in operations 810 and 812, respectively. 
Thereafter, the bits of raw data that represent the coefficient 
are consumed in operation 814. Finally, it is determined in 
decision 816 whether any more bits of raw data remain. If so, 
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the process of Prior Art FIG. 8 is repeated. If not, however, the 
process is terminated in operation 818. 

It should be noted that the foregoing decompression 
scheme of Prior Art FIG. 8 includes a two-step method of 
processing both a DC code and a plurality of AC codes. As is 
well known by those of ordinary skill in the art, the DC code 
relates to an initial set of the bits representative of an image 
block while the AC codes relate to a plurality of subsequent 
set of the bits representing the image block. 

The foregoing decoding process of Prior Art FIG. 8 thus 
depends on a unique data segment stored in a look-up table for 
every combination of bits of raw data obtained. This proce
dure can be very time consuming and thus result in a slow 
decoding time and lack of efficiency. 

There is thus a need for decompressing a bit stream of 
compressed data representing a plurality of image blocks in a 
more expedited manner. 

SUMMARY OF THE INVENTION 

The present invention includes a system, method, and 
article of manufacture for decompressing a bit stream of 
compressed video data. In a preferred embodiment, the 
present invention includes a two-step method of processing 
both a DC code and a plurality of AC codes. 

With respect to the processing of the DC code, a plurality of 
bits of compressed input data relating to the DC code are first 
obtained from the bit stream. Thereafter, a look-up is per
formed in a look-up table based on the obtained compressed 
input data. The look-up table includes a plurality of data 
segments each having output data therein. If the look-up is 
unsuccessful, at least one bit of the compressed input data is 
zeroed out and another look-up is performed. Next, a DC 
command component of the compressed input data is con
sumed. DC data is then retrieved from the compressed input 
data after which such DC data is converted to a signed integer. 
A DC coefficient component of the compressed input data is 
then processed and emitted to an alternate buffer. Finally, the 
compressed input data corresponding to the DC coefficient 
component of the compressed input data is consumed. 

In terms of AC code processing, a plurality of bits of 
compressed input data relating to the AC codes are first 
retrieved from the bit stream. A first decoding operation is 
then executed based on the obtained compressed input data in 
order to generate first output data. It is then determined 
whether sufficient space is available for the first output data. 

4 
The foregoing routine that processes the payload of the 

data segment in order to generate the first output data may 
take many forms. For example, the acts of the process routine 
may include: extracting data from the payload of the data 
segment; formatting the extracted data; outputting tie format
ted data; and adding a number of coefficient components to a 
block position. 

Another example of the process routine includes the acts 
of: extracting data from the payload of the data segment; 

10 formatting the extracted data; outputting the formatted data; 
and adding a number of coefficient components to a block 
position. 

Still another example of the process routine includes the 
acts of: extracting two components of data from the payload 

15 of the data segment; injecting a constant adjacent to the com
ponents; injecting a number of zeros between the components 
of the data from the payload; and adding the components of 
the data from the payload, the constant, and the zeros to a 
block position. In the various alternate embodiments, the 

20 constant may be injected in front of, between, or to the rear of 
the remaining components. 

Still yet another example of the process routine includes 
the acts of: extracting a pointer from the data segment; look
ing up an n-byte output; emitting the n-byte output; and 

25 adding then-byte output to a block position. 
Associated therewith is another example of the process 

routine that includes the acts of: retrieving a coefficient com
ponent of the compressed input data; converting the coeffi
cient component of the compressed input data into a signed 

30 integer; injecting zeros; emittingthe coefficient component of 
the compressed input data; and adding the coefficient com
ponent of the compressed input data to a block position. 

A final example of the process routine includes the acts of: 
extracting an auxiliary pointer from the payload of the data 

35 segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table; obtaining n bits; 
performing a look-up table jump. 

As mentioned earlier, if during AC decoding it is deter
mined that there is insufficient space for the first output data, 

40 an alternate second decoding operation is executed in order to 
generate second output data. Such second decoding operation 
includes multiple acts starting with performing a look-up in a 
look-up table based on the obtained compressed input data. 
The look-up table includes a plurality of data segments each 

45 having the second output data therein. If the look-up is unsuc
cessful, at least one bit of the compressed input data is zeroed
out and another look-up is performed. The second output data 
is then retrieved directly from one of the data segments that 

If it is determined that there is sufficient space for the first 
output data, the first output data is outputted. If, however, it is 
determined that there is insufficient space for the first output 
data, an alternate second decoding operation is executed in 50 

order to generate second output data. 

corresponds to the obtained compressed input data. 
After either the first or second output data is outputted, the 

method continues by performing an inverse zigzag operation 
on the output data; merging an alternate buffer with a zigzag 
buffer; performing an inverse quantization operation on the 
output data; performing an inverse DCT operation on the 

In order to carry out the foregoing decoding operations, a 
data structure is provided in a look-up table for being 
employed by an AC decoder during use. Such data structure 
includes a plurality of data segments each having a payload 
and a pointer. The payload includes a plurality of bits in one 
of a plurality of coding schemes. Further, the pointer corre
sponds to a routine which is capable of processing the coding 
scheme of the payload associated with the pointer. 

The first decoding operation initially includes the opera
tion of performing a look-up in the look-up table based on the 
obtained compressed input data. The pointer is then retrieved 
from one of the data segments that corresponds to the 
obtained compressed input data. Next, the process routine 
corresponding to the retrieved pointer is executed. The pay
load is then processed in the executed routine in order to 
generate the first output data. 

55 output data; and emitting the output data. 
In another embodiment of the present invention, upon the 

extraction of coefficient components of compressed input 
data, zeros are not immediately injected as set forth in the 
foregoing examples of process routines which generate the 

60 first output data. Instead, the zeros are handled after inverse 
quantization and DCT processing operations are performed. 
To accomplish this, information relative to the zeros is 
embedded in the process routine so that zeros may be inserted 
after the inverse quantization and DCT processing opera-

65 tions. The present embodiment thus represents another mode 
of operation which can be characterized as a serialized DCT 
process. 
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In still another embodiment, an additional procedure is 
performed upon obtaining each set of bits, or components of 
the input bit stream, in order to effect more efficient process
ing. In particular, such procedure entails effectively inputting 
the components of the input bit stream into a hardware pro
cessor in order to process the sets of bits in a manner that best 
exploits the architecture of the hardware processor. The 
method begins by extracting a plurality of components from 
the input bit stream. Next, the components of the input bit 
stream are analyzed. Based on such analysis, the components 10 

of the input bit stream are directed into one of a plurality of 
pipelines of the hardware processor for processing purposes. 
In one aspect of the present invention, the components of the 
input bit stream may be directed into one of the pipelines 
based on which pipeline is more suitable for processing the 15 

components, as indicated by the analysis. 
These and other advantages of the present invention will 

become apparent to those skilled in the art upon a reading of 
the following descriptions of the invention and a study of the 
several figures of the drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The foregoing aspects are better understood from the fol
lowing detailed description of one embodiment of the inven- 25 

tion with reference to the drawings, in which: 

6 
FIG. 13 is a more detailed flowchart showing the steps 

associated with the alternate decoder operation shown in FIG. 
12 in accordance with one with one embodiment of the 
present invention; 

FIG. 14 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 15 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 15a is an illustration showing the injection of zeros 
and a constant between the X and Y components during the 
process routine shown in FIG. 15; 

FIG. 16 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. l6a is an additional table of the present invention; 
FIG. 17 is a more detailed flowchart showing the steps 

associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. lS is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 1 is a schematic diagram including a prior art system 
for retrieving and displaying video signals; 

FIG. 2 is an illustration of a prior art method for partition
ing an image and converting the RGB components thereof 
into Y, Cr, and Cb components; 

FIG. 3 is an illustration of a prior art method for partition
ing the Y component of FIG. 2 and further converting the 
various components of the image to the frequency domain via 
a conventional discrete cosine transform (DCT) operation; 

FIG. 19 is a more detailed flowchart showing the steps 
30 associated with the process routine operation shown in FIG. 

12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 4 is an illustration of a prior art method for converting 
the spatial frequencies of FIG. 3 into quantized coefficients 
via a conventional quantizer operation; 

FIG. 20 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 

35 12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 5 is an illustration ofa prior art method for performing 40 
a serialization zigzag operation on the quantized coefficients 

FIG. 21 is an illustration depicting an inverse quantization 
operation, in accordance with one embodiment of the present 
invention; 

FIG. 22 is an illustration depicting an inverse DCT opera
tion, in accordance with one embodiment of the present 
invention; of FIG. 4 and subsequently performing a run length encoding 

operation; 
FIG. 6 is an illustration of the resulting data afterthe steps 

of FIGS. 2-5 have been performed; 

FIG. 23 is an illustration depicting a macro-block assembly 
operation, in accordance with one embodiment of the present 

45 invention; 
FIG. 7 is an illustration of the resulting data afterthe steps 

of FIGS. 2-5 have been performed; 
FIG. 24 is an illustration depicting an alternate mode of 

operation, in accordance with one embodiment of the present 
invention; FIG. S is an illustration of a prior art method of decoding 

the data received in the form shown in FIG. 7; 

FIG. Sa is an illustration of a prior art look-up table 
employed during the decoding of data by the process shown 

FIG. 25 illustrates a hardware processor of the present 
50 invention; and 

in FIG. S; 
FIG. 9 is a flowchart illustrating a procedure for decoding 

the data received in the form shown in FIG. 7 in accordance 
with one embodiment of the present invention; 

FIG. 9a is a schematic depicting an exemplary hardware 
embodiment of the present invention; 

55 

FIG. 10 is a more detailed flowchart showing the process
ing of the DC code shown in FIG. 9 in accordance with one 60 
embodiment of the present invention; 

FIG. 11 is an illustration of a look-up table employed 
during the decoding of data by the process shown in FIG. 9 in 
accordance with one embodiment of the present invention; 

FIG. 12 is a more detailed flowchart showing the process- 65 

ing of the AC codes shown in FIG. 9 in accordance with one 
embodiment of the present invention; 

FIG. 26 is a schematic showing a hardware/software con
figuration for implementing a parallel processing technique 
in accordance with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1-7 illustrate a coding scheme of the prior art. FIGS. 
S and Sa illustrate a decoding process of the prior art. With 
reference now to FIGS. 9-24, it shown that the present inven
tion includes a system, method, and article of manufacture for 
decompressing a bit stream of compressed data representing 
a plurality of image blocks, or portions. 

As shown in FIG. 9, this includes a two-step method of 
processing both a DC code in operation 900 and a plurality of 
AC codes in operation 902. As is well known by those of 
ordinary skill in the art, the DC code relates to a single initial 
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set of the bits representative of an image block while the AC 
codes relate to a plurality of subsequent sets of the bits rep
resenting the image block. This method is preferably a com
puter implemented process executed by a computer system as 
shown in FIG. 9a. 

8 
resenting a number, i.e. 1-16, of the obtained bits of com
pressed input data that is understood. Finally, 2 bits are left 
unused. 

With reference now to FIG. 12, the process associated with 
decompressing the AC codes is shown to begin in operation 
1200. First, a plurality of bits of compressed input data relat
ing to the AC codes are first retrieved from the bit stream in 
operation 1202. It should be noted that any number of bits 
may be retrieved that is capable of being handled by the 

FIG. 9a illustrates an exemplary hardware configuration in 
accordance with one embodiment having a central processing 
unit 910, such as a microprocessor, and a number of other 
units interconnected via a system bus 912. The hardware 
configuration shown in FIG. 9a includes Random Access 
Memory (RAM) 914, Read Only Memory (ROM) 916, an I/O 
adapter 918 for connecting peripheral devices such as disk 
storage units 920 to the bus 912, a user interface adapter 922 
for connecting a keyboard 924, a mouse 926, a speaker 928, a 
microphone 932, and/or other user interface devices such as a 
touch screen (not shown) to the bus 912, communication 
adapter 934 for connecting the hardware configuration to a 
communication network 935 (e.g., a data processing net
work) and a display adapter 936 for connecting the bus 912 to 
a display device 938. 

10 foregoing data structure. A first decoding operation 1203 is 
then executed based on the obtained compressed input data in 
order to generate first output data. 

The first decoding operation 1203 first includes performing 
a look-up in the look-up table based on the obtained com-

15 pressed input data in operation 1202. Note operation 1204. 
Such look-up may performed in a look-up table "jump" 
which in turn accesses the look-up table of FIG. 11, or may be 
performed directly to the look-up table. In operation 1206, the 
pointer is then retrieved from one of the data segments that 

The hardware configuration typically has resident thereon 
an operating system such as the Microsoft Windows NT or 
Windows/98/2000 Operating System (OS), the IBM OS/2 
operating system, the MAC OS, or UNIX operating system. 
Those skilled in the art will appreciate that the present inven
tion may also be implemented on platforms and operating 
systems other than those mentioned. 

20 corresponds to the obtained compressed input data after 
which a jump is executed in operation 1208. Next, the process 
routine corresponding to the retrieved pointer is executed in 
operation 1210. The payload is then processed in the executed 
routine in order to generate the first output data, as indicated 

25 in operation 1212. The manner in which the process routine 
processes the payload will be set forth hereinafter in greater 
detail. 

FIG. 10 shows in greater detail the method of processing 
the DC code ofoperation 900 of FIG. 9. First, a predetermined 
number of bits of compressed input data relating to the DC 30 

code are first obtained from the bit stream in operation 1002. 
Thereafter, in operation 1004, a look-up is performed in a 
look-up table based on the obtained compressed input data. It 
should be noted that the present look-up table may be similar 
to the look-up table in operation 804 of Prior Art FIG. 8. In 35 

other words, the look-up table includes a plurality of data 
segments each having output data therein. 

If the look-up ofoperation 1004 is determined to be unsuc
cessful in decision 1006, at least one bit of the compressed 
input data is zeroed out after which another look-up is per- 40 

formed in operation 1008. An unsuccessful look-up often 
occurs as a result of a portion of the AC codes being inadvert
ently obtained. Next, a command component of the com
pressed input data is consumed, or deleted, in operation 1010. 
DC data is then retrieved from the compressed input data in 45 

operation 1012 after which such DC data is converted to a 
signed integer in operation 1014. Then, in operation 1016, a 
DC coefficient component of the compressed input data is 
processed after which it is emitted to an alternate buffer in 
order to accommodate a large size thereof. Note operation 50 

1018. Finally, the compressed input data corresponding to the 
DC coefficient component of the compressed input data is 
consumed. Note operation 1020. 

During DC code processing, the look-up may be performed 

With continuing reference FIG. 12, it is shown that a rec
ommendation is received as a result of calling the process 
routine that processes the payload. Such recommendation 
comprises the first output data which may take the form of a 
fully decoded output and a number of coefficients or any other 
desired form. It is then determined in decision 1214 whether 
sufficient space is available for the number of coefficients of 
the first output data. In other words, it is determined whether 
there is room for the image block corresponding to the raw 
data. This determination is executed by locating an end of the 
image block. 

If it is determined that there is sufficient space for the 
coefficients of the first output data in decision 1214, the 
recommendation is accepted and the first output data is out
putted in operation 1216. Thereafter, the understood bits of 
the raw data are consumed, or deleted, in operation 1218, 
After the first output data is outputted, it is determined in 
decision 1223 whether the decoding operation is currently 
retrieving compressed input data that are representative of an 
end of an image block. If not, the first decoding operation 
1203 is repeated, as shown in FIG. 12. 

Ifit is determined that there is insufficient space for the first 
output data in decision 1214, an alternate second decoding 
operation 1220 is executed in order to generate second output 
data. More detail will be provided relating to the alternate 
second decoding operation 1220 in reference to FIG. 13. 

Once it is determined in decision 1223 that the decoding 
operation is at the end of an image block or the alternate 
second decoding operation 1220 has been executed, an 
inverse zigzag operation is performed on the output data in 
operation 1222. Next, an alternate buffer is merged with a 
zigzag buffer in operation 1224. Thereafter, in operation 

on a prior art look-up table similar to that discussed earlier. In 55 

order to carry out AC code processing, however, a specific 
data structure is employed during use. An example of such 
data structure 100 is shown in FIG. 11. The data structure 
includes a plurality of data segments 1102 each having a 
payload 1104 and a pointer 1106 which, together, amount to 60 1225, an inverse quantization operation is performed on the 

output data. Further, an inverse DCT operation is performed 
on the output data in operation 1226 after which the output 
data is emitted in operation 1228, thereby concluding the 
decompression. Additional detail regarding the foregoing 

32 bits. The payload 1104 includes 16 bits in one ofa plurality 
of coding schemes. In one embodiment, at least 14 types of 
code schemes are available. Further, the pointer 1106 
includes 10 bits that correspond to a routine stored in memory 
which is capable of processing the coding scheme of the 
payload 1104 associated with the pointer 1106. In addition, 
the data segments 1102 may each further include 4 bits rep-

65 operations will be set forth hereinafter in greater detail. 
As mentioned earlier, if during AC decoding it is deter

mined that there is insufficient space for the first output data, 

Case 6:14-cv-00296   Document 1-6   Filed 04/23/14   Page 26 of 29 PageID #:  175



US 7,627,183 B2 
9 

an alternate second decoding operation 1220 is executed in 
order to generate second output data. FIG. 13 is a more 
detailed illustration of the method associated with the alter
nate decoder operation 1220 of FIG. 12. 

As shown in FIG. 13, the alternate second decoding opera
tion 1220 includes multiple steps starting with obtaining n 
bits from the input data in operation 1300. The exact number 

10 
FIG. 15 illustrates another example of the process routine 

ofoperation 1210 shown in FIG.12. Such process routine first 
includes the act of extracting two components of data from 
the payload of the data segment in operation 1500. In particu
lar, the process routine of FIG. 15 extracts two fully decoded 
8-bit constants X, Y embedded in the payload of the data 
segment. Such constants are eventually intended to take the 
form of output coefficients. Next, a constant A is injected 
adjacent to the components in operation 1502. Note FIG. 15a. 

of bits may vary depending on a particular Huffman decoding 
scheme being used. For example, 14 bits are obtained in 
operation in one embodiment of the present invention. There
after, a look-up is performed in a look-up table based on the 
obtained compressed input data. Note operation 1302. It 
should be noted that the look-up table includes a plurality of 
data segments each having the second output data therein. 

10 The constant A is smaller than the constants X, Y and initially 
resides in the pointer of the data structure of FIG. 11. As such, 
the constant A is inherent in the pointer which in tum resides 
in the bit stream. Further, the constant A takes little space 
prior to decoding. It should be noted that for every possible 

15 combination of constant A and the remaining constants X, Y, 
there is a separate corresponding data segment in the look-up 
table. 

If the look-up is determined to be unsuccessful in decision 
1304, at least one bit of the compressed input data is zeroed
out, or deleted, in operation 1305 and another look-up is 
performed. In the present description, a bad look-up is 
defined as the situation wherein the input data has no corre
sponding output data in the look-up table, the input data 20 

corresponds with a meaningless data segment in the look-up 
table, or any other situation where undesired results occur. To 
this end, corrupt or useless data is erased in the search for 
meaningful, useful data which has a corresponding data seg
ment in the look-up table. Once a successful look-up occurs in 25 

decision 1304, the second output data is then retrieved 
directly from one of the data segments in the look-up table 
that corresponds to the currently possessed input data. It is 
then determined in decision 1306 whether a current position 

With reference now to operation 1504 ofFIG.15, a number 
of zeros are injected between the constants X, Y of the data 
from the payload. Similar to the constant A, the zeros are part 
of the identity of the process routine. Next, in operation 1506, 
the components of the data from the payload, the pointer, and 
the zeros are added to a block position. In the various alternate 
embodiments, the constant A may be injected in front or to the 
rear of the remaining components. In still other embodiments, 
the constants A and/or Y may be excluded. 

FIG. 16 illustrates yet another embodiment of the process 

of the input data corresponds with an end of a block of an 30 

routine 1210 of FIG. 12, wherein a pointer is first extracted 
from the data segment in operation 1600. It should be noted 
that the present pointer is not that which accesses the data 
segment, but rather an additional pointer situated in the pay-image. 

Upon it being determined that the compressed input data is 
at the end of a block in decision 1306, the method further 
includes emitting zeros to the end of the block in operation 
1313. If, however, it is determined that the compressed input 
data is not at the end of a block in decision 1306, the method 
further includes multiple operations that are executed given 
information from the second output data. 

As shown in FIG. 13, such steps include operation 1308 
wherein the zeros are emitted as specified by the second 
output data. A command component of the compressed input 
data is then consumed in operation 1310 after which a coef
ficient component of the compressed input data is retrieved in 
operation 1312. Next, the coefficient component of the com
pressed input data is consumed. Note operation 1314. The 
coefficient component of the compressed input data is then 
converted to a signed integer. Note operation 1316. 

If the coefficient component is of an appropriate size to fit 
in the normal buffer as determined in decision 1318, the 
coefficient component of the compressed input data is emitted 
in operation 1320. It is then determined again in decision 
1322 whether a current position is at an end of a block of an 
image. If not, the present invention obtains another n bits in 
operation 1300 and the method is repeated. 

load. Such additional pointer is then used to access a data 
segment in an additional table 1601 like that shown in FIG. 
l6a. The additional table 1601 of FIG. l6a is 8-bytes wide 

35 with eight entries 1603. Use of the additional table is limited 
to numbers which are capable of fitting within one of the eight 
entries. In alternate embodiments, the table may be config
ured in any size ofn-bytes. 

With continuing reference to FIG. 16, an 8-byte output is 
40 looked up in the additional table and thereafter emitted to the 

regular buffer in operation 1602 and 1604, respectively. 
Thereafter, the 8-byte output is added to a block position in 
operation 1606. 

Still yet another example of the process routine of opera-
45 tion1210 ofFIG.12is showninFIG.17. The current example 

does not employ the payload of the corresponding data seg
ments of the data structure of FIG. 11. Further, the present 
process routine may be especially useful when a number of 
bits representative of a command is large enough to preclude 

50 the retrieval of the bits associated with the coefficient. 
When executed, the process routine of FIG. 17 first 

includes the act of retrieving a coefficient component of the 
compressed input data in the form of raw bits. Note operation 
1700. It should be noted that a number of raw bits to be 
retrieved is inherent in the process routine. Next, the coeffi
cient component of the compressed input data is converted to 
into a signed integer in operation 1702. Zeros are then 
injected in operation 1704. In one embodiment, this may be 
accomplished by simply advancing an output pointer in a field 

FIGS. 14-18 illustrate more detailed flowcharts showing 55 

various permutations associated with the process routine of 
operation 1210 shown in FIG. 12. Such routine processes the 
payload of the data segment of FIG. 11 in accordance with 
various methods in order to generate the first output data. 
Examples of such various methods will now be set forth. 60 of existing zeros inherent in the process routine. The coeffi

cient component of the compressed input data is then emitted 
in operation 1706. The coefficient component of the com
pressed input data is added to the main buffer unless too large 

FIG. 14 illustrates a fundamental example of the process 
routine 1210 shown in FIG. 12. As shown, such routine may 
include: extracting data from the payload of the data segment 
in operation 1400; formatting the extracted data in operation 
1402; outputting the formatted data in operation 1404; and 65 

adding a number of coefficient components to a block posi
tion in operation 1406. 

in which case the coefficient component is emitted to the 
alternate buffer. Next, in operation 1708, the coefficient com
ponent of the compressed input data is added to a block 
position. 
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is representative of RGB values. The data samples are thus 
ready for conventional final processing for display, storage, 
transmission, or the like. 

FIG. 24 illustrates another embodiment of the present 
invention the beginning of which is similar to that disclosed in 
FIG. 15. A major difference resides in the fact that upon the 
extraction of coefficient components of compressed input 
data, zeros are not immediately injected as set forth in the 
foregoing examples of process routines which generate the 

FIG. 18 illustrates still another embodiment of the process 
routine of operation 1210 of FIG. 12. Namely, such process 
routine accommodates the situation in which an amount of 
bits obtained is insufficient in containing all of the necessary 
Huffman Coding commands. This is accomplished by a sec
ond look-up which is performed with remaining bits to be 
processed. The instant process routine initially includes 
extracting an auxiliary pointer from the payload of the data 
segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table. Note operation 
1800. Next, bits are obtained from the compressed input data 
in operation 1802. It should be noted that in the present 
embodiment, look-ups may be continuously executed until 
desired data is obtained. See operation 1804 

10 first output data. Instead, the zeros are handled after inverse 
quantization and DCT processing operations are performed. 
To accomplish this, information relative to the zeros is 
embedded in the process routine so that zeros may be inserted 
after the inverse quantization and DCT processing opera-

As shown earlier in FIG. 12, multiple final steps are taken 15 tions. The present embodiment thus represents another mode 
of operation which can be characterized as a serialized DCT in order to complete decompression of the data. The inverse 

zigzag operation 1222 of FIG. 12 is shown in greater detail in 
FIG. 19. Such operation is necessary in order to reverse the 
order of the data, thereby negating the effects of the zigzag 
operation during compression in order to prepare for an 20 

inverse DCT operation. To accomplish the inverse zigzag 
operation, a reverse order operation 1900, a first transpose 
operation 1902, a rotation 1904, and a second transpose 
operation 1906 is carried out in a manner well known to those 
skilled in the art. In the alternative, the inverse zigzag opera- 25 

ti on may be modified for various microprocessors that may be 
currently used. 

process. 
In particular, the embodiment of FIG. 24 begins in opera

tion 2400 by extracting a plurality of non-zero coefficients 
upon which a non-zero coefficient is retrieved in operation 
2402. Next, in operation 2404, inverse quantization is per-
formed similar to that disclosed in reference to FIG. 21. 
Thereafter, an inverse DCT process is executed in a manner 
similar to that set forth hereinabove in FIG. 22. It should be 
noted that the inverse DCT process is carried out only on 
coefficients eligible. See operation 2406. Finally, the zeros 
arc handled in operation 2408. 

In still another embodiment, the present invention employs 
an additional procedure upon obtaining each set of n bits in 

30 order to effect more efficient processing. In particular, such 
procedure entails effectively inputting then bits into a hard
ware processor in order to process the sets of n bits in a 
manner that best exploits the particular architecture of the 

While the inverse zigzag operation and the remaining 
decompression operations perform better with data of a 
smaller magnitude, i.e. 8/bits per sample, the data may be 
expanded to 16/bits per sample in order to accommodate 
larger requirements of certain blocks of the image. To accom
modate such situation, an alternate buffer 2000 is merged 
with a zigzag buffer 2002, as shown in FIG. 20. By this 
structure, blocks of the image requiring 16/bits per sample 35 

may be accommodated and an output of 8/bits per sample 
may be obtained. As such, the remaining decompression 
operations may expediently process the data at 8/bits per 
sample while still accommodating periodic requirements for 
larger data samples of up to 16/bits per sample. It should be 
noted that each of the coefficients that reside in the alternate 
buffer include a tag or identifier 2004 to indicate a proper 
location or order in the inverse zigzag operation. 

hardware processor. 
FIG. 25 shows a hardware processor 2500, or central pro-

cessing unit, which receives data by way of a software-gov
erned method. It should be understood that such method may 
also be executed by hardware, or even a portion of the hard
ware processor 2500. In order to receive such data for pro-

40 cessing, the hardware processor 2500 includes at least two 
"pipelines" 2502 and 2504 which include inputs to separate 
components of the hardware processor. Such architecture is 
commonly known to those skilled in the art. For example, 
such hardware processor may take the form of an INTEL 

FIG. 21 is an illustration of operation 1225 of FIG. 12 
which includes the inverse quantization operation. The spe
cific order of such inverse quantization operation is critical 
since such operation performs optimally on data samples of 
smaller sizes like those outputted by the auxiliary buffer 
2000. As shown in FIG. 21, the quantized coefficients 2100 
from the auxiliary buffer 2000 are multiplied by inverse quan
tization coefficients 2102 thus rendering spatial frequency 
coefficients 2104. 

FIG. 22 shows in greater detail the two-dimensional (2-D) 
inverse DCT operation 1226 of FIG. 12. As is well known to 
those of ordinary skill, the 2-D DCT operation processes the 
spatial frequency coefficients 2104 in order to generate image 
data 2200. Such image data 2200 takes the form of a plurality 
of 8x8 data samples which each comprise a portion of a color 
component of an image block. 

FIG. 23 illustrates the block assembly operation 1228 of 
FIG. 12, wherein the portions of the color components 2300 

45 PENTIUM processor. Each of the components of the hard
ware processor are adapted to process the inputted data inde
pendently and even in different manners. 

With continuing reference to FIG. 25, the software may 
include multiple components one of which includes a proces-

50 sor module 2506. At least one of the functions of the proces
sor module 2506 is to obtain sets of n bits and optionally 
process them using the various methods set forth herein
above. In addition to the processor module 2506, a pipe data 
analyzer 2508 may be employed to feed each set of bits to the 

55 pipelines 2502 and 2504 of the hardware processor 2500, 
Which of the two or more pipelines to which the pipe data 

analyzer 2508 sends each set of bits may depend on various 
factors. For example, each set of bits may be directed to the 
pipelines 2502 and 2504 of the hardware processor 2500 

60 based on which pipeline affords most efficient use of the 
hardware processor 2500. In the alternative, the pipe data 
analyzer 2508 may direct each set of bits based on which of 
the pipelines 2502 and 2504 of the hardware processor 2500 of the image block are combined into 16x 16 data samples 

2302 which represent a complete color component of the 
corresponding image block. Next, a matrix multiplication 65 

operation 2304 is executed which combines the color com
ponents in order to render the complete image block 2306 that 

is best suited to handle the associated processing. 
FIG. 26 illustrates a method associated with the hardware 

ofFIG. 25. As shown, the method begins in operation 2600 by 
the processor module 2506 extracting sets of bits, or compo-
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nents, from an input bit stream. Next, in operation 2602, the 
components of the input bit stream are analyzed by the pipe 
data analyzer 2508. Based on such analysis, the components 
of the input bit stream are directed into one of the pipelines for 
processing purposes. In one embodiment, the components of 
the input bit stream may be directed into one of the pipelines 
based on which pipeline is more suitable for processing the 
components, as indicated by the analysis. In any embodiment, 
an increase in efficiency is achieved during processing. 

While this invention has been described in terms of several 10 

preferred embodiments, it is contemplated that alternatives, 
modifications, permutations, and equivalents thereof will 
become apparent to those skilled in the art upon a reading of 
the specification and study of the drawings, It is therefore 
intended that the true spirit and scope of the present include 15 

all such alternatives, modifications, permutations, and 
equivalents. 

What is claimed is: 
1. A method for decompressing compressed video data in a 

processor having at least two pipelines, comprising: 20 

obtaining a plurality of raw data bits from a compressed 
video data stream; 

extracting one or more components from said plurality of 
raw data bits by analyzing said plurality of raw data bits 
in a look-up table; and 25 

directing each component into one of the pipelines for 
processing purposes based on the analysis. 

2. The method as set forth in claim 1, wherein each com
ponent is directed into said one of the pipelines based on 
which pipeline is more suitable for processing the compo- 30 

nent. 
3. A computer readable medium embodied on a computer 

readable medium for decompressing compressed video data 
in a processor having at least two pipelines, comprising: 

a code segment for obtaining a plurality of raw data bits 35 

from a compressed video data stream; 
extracting one or more components from said plurality of 

raw data bits by analyzing said plurality of raw data bits 
in a look-up table; and 

14 
a code segment for directing each component into one of 

the pipelines for processing purposes based on the 
analysis. 

4. The computer program as set forth in claim 3, wherein 
each component is directed into said one of the pipelines 
based on which pipeline is more suitable for processing the 
component. 

5. A system for decompressing compressed video data in a 
processor for increased efficiency, comprising: 

a processor module for extracting a plurality of compo
nents from compressed video data using a look-up table; 

a central processing unit having at least two pipelines for 
receiving the components of the compressed video data 
for processing purposes; and 

a pipe analyzer coupled between the processor module and 
the central processing unit for analyzing the components 
of the compressed video data and directing the compo
nents of the compressed video data into one of the pipe
lines of the central processing unit based on the analysis. 

6. The system as set forth in claim 5, wherein the pipe 
analyzer directs each component into one of the pipelines 
based on which pipeline is more suitable for processing the 
component. 

7. An apparatus comprising: 
a microprocessor having a plurality of pipelines; 
memory; 
a communication adapter, capable of transmitting and 

receiving data over a communication network; 
a microphone, speaker, and a display device; and 
logic encoded in a tangible medium which when executed 

is operable to decompress compressed video data 
received from the communication network utilizing a 
look-up table to analyze components of said compressed 
video data and sending such components down selected 
ones of said plurality of pipelines. 

8. An apparatus as set forth in claim 7 wherein said display 
device is a touch-screen display device. 

* * * * * 
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SYSTEM, METHOD AND ARTICLE OF 
MANUFACTURE FOR DECOMPRESSING 

DIGITAL CAMERA SENSOR DATA 

2 
thus rendering scaled spatial frequency data 402, or quantized 
coefficients. This quantization operation 400 scales each of 
the spatial frequency data 302 of the 8x8 grid by a quantiza-

This application is a continuation of U.S. patent applica- 5 

tion Ser. No. 11/018,861, filed Dec. 20, 2004, now U.S. Pat. 
No. 7,245,772, which is a continuation of U.S. patent appli
cation Ser. No. 09/626,012, filed Jul. 26, 2000, now U.S. Pat. 
No. 6,850,647, which claims benefit of U.S. Provisional 
Application No. 60/146,522 filed Jul. 30, 1999, and is incor- 10 

porated herein by this reference. 

tion factor in terms of importance when viewed by the human 
eye. For example, low frequency data is scaled differently 
thanhigh frequency data since human vision is more sensitive 
to low frequency light. 

With reference now to Prior Art FIG. 5, the scaled spatial 
frequency data 402 is then processed by a run length coding 
scheme 502. As shown, the numbers of the scaled spatial 
frequency data 402 are selected in a "zigzag" fashion, serial-

FIELD OF THE INVENTION 

The present invention relates to digital processing of com
pressed video data and more particularly to decompressing a 
bit stream representative of a plurality of video frames gen
erated by a digital camera. 

BACKGROUND OF THE INVENTION 

As shown in Prior Art FIG. 1, a digital camera system 100 
typically includes a digital camera 102 having a sensor 104 
aligned with a lens 105, where the sensor 104 is capable of 
generating video signals including a plurality of discrete 
images. A display 106 can be coupled to the digital camera 
102 by a digital processing system 108. One function of a 
digital processing system 108 may be to decompress com
pressed video images for the purpose of efficient storage and 
communication. 

Prior Art FIG. 2 shows an initial stage of compression of 
the video signals received from the exemplary digital camera 
102. As shown, one of the images 200 is received from the 
sensor 104 of the digital camera 102 and is subsequently 
divided into a plurality ofblocks 202, or portions, each having 
dimensions of 16x 16 pixels. Thereafter, each of the blocks 
202 are separated into three color components including blue, 
green and red color components 204a-c, respectively. 

With continuing reference to Prior Art FIG. 2, the blue, 
green and red color components 204a-c of each block 202 are 
transformed into chrominance (Cb, Cr) and illuminance (Y) 
components 206a-c, respectively. This is accomplished by a 
matrix algorithm as will be appreciated by those skilled in the 
art. Next, the chrominance components 206a, 206b are com
pressed to the extent of the having dimensions of 8x8 pixels, 
i.e. half the dimensions of the illuminance component 206c. 
The illuminance component 206c is exempted from compres
sion due to the sensitivity of the human eye to such color 
component. 

Prior Art FIG. 3 is a subsequent step of processing wherein 
the illuminance component 206c is subdivided into four com
ponents each having dimensions of 8x8 pixels. Altogether, a 
total of six parts are existent at this point in the processing for 
each component. The chrominance and illuminance compo
nents 206a-c are then processed by a discrete cosine trans
form (DCT) operation 300. The DCT operation 300 translates 
the pixel data of the chrominance and illuminance compo
nents 206a-c into corresponding spatial frequency data 302. 
This results in a 8x8 grid of spatial frequency numbers. As is 
conventional, low frequency data is positioned at an upper left 
hand portion of the 8x8 grid, high frequency data is posi
tioned at a lower right hand portion of the 8x8 grid, horizontal 
frequency data is positioned at an upper right hand portion of 
the 8x8 grid, and vertical frequency data is positioned at a 
lower left hand portion of the 8x8 grid. 

As shown in Prior Art FIG. 4, the spatial frequency data 3 02 
is subsequently processed by a quantization operation 400, 

ized, and subsequently encoded. When encoded, groups of 
zeros 504 are detected in the serialized scaled spatial fre
quency data 402 and are subsequently compressed. It should 

15 be noted that the high frequency data have a greater tendency 
to be subjected to such zero compression. This is because 
during the quantization operation, the high frequency data are 
quantized more, thereby resulting in lower numbers 

20 

approaching zero. 
Prior Art FIG. 6 shows a portion of the serialized bit stream 

of Prior Art FIG. 5 afterthe encoding operation 502 is carried 
out. As shown, the groups of zeros 504 are compressed and 
accompanied by a number 602 that is representative of the 
number of zeros. Together, the groups of zeros 504 and the 

25 number 602 form a "Huffman Group" 604. As will soon 
become apparent, the number 602 of the Huffman Group 604 
becomes a coefficient in the resultant bit stream. 

Such resultant bit stream is shown in Prior Art FIG. 7. As 
shown, the coefficients 700 are each accompanied by a com-

30 mand 702. This command 702 represents the number of pre
ceding zeros in addition to the number of bits required to 
encode the number that follows. The length of each command 
702 may be optimized by generating short commands 702 to 
cover common combinations of data and generating long 

35 commands 702 to cover unlikely combinations of data. The 
command thus has a variable-length. 

With the image information now compressed, it is thus 
suitable for effective delivery to a desired location. Upon 
delivery, the image information must be decompressed. One 

40 decompression process of the prior art is shown in Prior Art 
FIG. 8. Upon starting in operation 800, 11 bits of raw data are 
obtained from the compressed bit stream in operation 802. 
Such 11 bits of raw data are then used to perform a look-up in 
a look-up table 805 in operation 804. An example of such 

45 look-up table 805 is shown in FIG. Sa. As shown, the look-up 
table includes a plurality of 2-byte data segments 807 each of 
which decodes different 11 bit segments of the raw data. For 
example, a 2-byte data segment may identify a command, a 
number of preceding zeros, and a coefficient following the 

50 command. 
In operation 804, the 2-byte data segment that corresponds 

to the 11 bits obtained in operation 802 are retrieved. The 
information from the 2-byte data segment is then used to emit 
the number of zeros determined. Note operation 806. Next, 

55 the command may be consumed, or deleted, in operation 808. 
The coefficient specified by the 2-byte data segment is then 
decoded and emitted in operations 810 and 812, respectively. 
Thereafter, the bits of raw data that represent the coefficient 
are consumed in operation 814. Finally, it is determined in 

60 decision 816 whether any more bits of raw data remain. If so, 
the process of Prior Art FIG. 8 is repeated. If not, however, the 
process is terminated in operation 818. 

It should be noted that the foregoing decompression 
scheme of Prior Art FIG. 8 includes a two-step method of 

65 processing both a DC code and a plurality of AC codes. As is 
well known by those of ordinary skill in the art, the DC code 
relates to an initial set of the bits representative of an image 

Case 6:14-cv-00296   Document 1-7   Filed 04/23/14   Page 23 of 29 PageID #:  201



US 7,489,824 B2 
3 

block while the AC codes relate to a plurality of subsequent 
set of the bits representing the image block. 

The foregoing decoding process of Prior Art FIG. 8 thus 
depends on a unique data segment stored in a look-up table for 
every combination of bits of raw data obtained. This proce
dure can be very time consuming and thus result in a slow 
decoding time and lack of efficiency. 

There is thus a need for decompressing a bit stream of 
compressed data representing a plurality of image blocks in a 
more expedited manner. 

SUMMARY OF THE INVENTION 

4 
Another example of the process routine includes the acts 

of: extracting data from the payload of the data segment; 
formatting the extracted data; outputting the formatted data; 
and adding a number of coefficient components to a block 
position. 

Still another example of the process routine includes the 
acts of: extracting two components of data from the payload 
of the data segment; injecting a constant adjacent to the com
ponents; injecting a number of zeros between the components 

10 of the data from the payload; and adding the components of 
the data from the payload, the constant, and the zeros to a 
block position. In the various alternate embodiments, the 
constant may be injected in front of, between, or to the rear of 

The present invention includes a system, method, and 
article of manufacture for decompressing a bit stream of 15 

compressed video data. In a preferred embodiment, the 
present invention includes a two-step method of processing 
both a DC code and a plurality of AC codes. 

the remaining components. 
Still yet another example of the process routine includes 

the acts of: extracting a pointer from the data segment; look
ing up an n-byte output; emitting the n-byte output; and 
adding then-byte output to a block position. 

With respect to the processing of the DC code, a plurality of 
bits of compressed input data relating to the DC code are first 
obtained from the bit stream. Thereafter, a look-up is per
formed in a look-up table based on the obtained compressed 
input data. The look-up table includes a plurality of data 
segments each having output data therein. If the look-up is 
unsuccessful, at least one bit of the compressed input data is 
zeroed out and another look-up is performed. Next, a DC 
command component of the compressed input data is con
sumed. DC data is then retrieved from the compressed input 
data after which such DC data is converted to a signed integer. 
A DC coefficient component of the compressed input data is 
then processed and emitted to an alternate buffer. Finally, the 
compressed input data corresponding to the DC coefficient 
component of the compressed input data is consumed. 

In terms of AC code processing, a plurality of bits of 
compressed input data relating to the AC codes are first 
retrieved from the bit stream. A first decoding operation is 
then executed based on the obtained compressed input data in 
order to generate first output data. It is then determined 
whether sufficient space is available for the first output data. 
If it is determined that there is sufficient space for the first 
output data, the first output data is outputted. If, however, it is 
determined that there is insufficient space for the first output 
data, an alternate second decoding operation is executed in 
order to generate second output data. 

In order to carry out the foregoing decoding operations, a 
data structure is provided in a look-up table for being 
employed by an AC decoder during use. Such data structure 
includes a plurality of data segments each having a payload 
and a pointer. The payload includes a plurality of bits in one 
of a plurality of coding schemes. Further, the pointer corre
sponds to a routine which is capable of processing the coding 
scheme of the payload associated with the pointer. 

The first decoding operation initially includes the opera
tion of performing a look-up in the look-up table based on the 
obtained compressed input data. The pointer is then retrieved 
from one of the data segments that corresponds to the 
obtained compressed input data. Next, the process routine 
corresponding to the retrieved pointer is executed. The pay
load is then processed in the executed routine in order to 
generate the first output data. 

Associated therewith is another example of the process 
20 routine that includes the acts of: retrieving a coefficient com

ponent of the compressed input data; converting the coeffi
cient component of the compressed input data into a signed 
integer; injecting zeros; emittingthe coefficient component of 
the compressed input data; and adding the coefficient com-

25 ponent of the compressed input data to a block position. 
A final example of the process routine includes the acts of: 

extracting an auxiliary pointer from the payload of the data 
segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table; obtaining n bits; 

30 performing a look-up table jump. 
As mentioned earlier, if during AC decoding it is deter

mined that there is insufficient space for the first output data, 
an alternate second decoding operation is executed in order to 
generate second output data. Such second decoding operation 

35 includes multiple acts starting with performing a look-up in a 
look-up table based on the obtained compressed input data. 
The look-up table includes a plurality of data segments each 
having the second output data therein. If the look-up is unsuc
cessful, at least one bit of the compressed input data is zeroed-

40 out and another look-up is performed. The second output data 
is then retrieved directly from one of the data segments that 
corresponds to the obtained compressed input data. 

After either the first or second output data is outputted, the 
method continues by performing an inverse zigzag operation 

45 on the output data; merging an alternate buffer with a zigzag 
buffer; performing an inverse quantization operation on the 
output data; performing an inverse DCT operation on the 
output data; and emitting the output data. 

In another embodiment of the present invention, upon the 
50 extraction of coefficient components of compressed input 

data, zeros are not immediately injected as set forth in the 
foregoing examples of process routines which generate the 
first output data. Instead, the zeros are handled after inverse 
quantization and DCT processing operations are performed. 

55 To accomplish this, information relative to the zeros is 
embedded in the process routine so that zeros may be inserted 
after the inverse quantization and DCT processing opera
tions. The present embodiment thus represents another mode 
of operation which can be characterized as a serialized DCT 

60 process. 
The foregoing routine that processes the payload of the 

data segment in order to generate the first output data may 
take many forms. For example, the acts of the process routine 
may include: extracting data from the payload of the data 
segment; formatting the extracted data; outputting the for- 65 

matted data; and adding a number of coefficient components 

In still another embodiment, an additional procedure is 
performed upon obtaining each set of bits, or components of 
the input bit stream, in order to effect more efficient process
ing. In particular, such procedure entails effectively inputting 
the components of the input bit stream into a hardware pro
cessor in order to process the sets of bits in a manner that best 

to a block position. exploits the architecture of the hardware processor. The 
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method begins by extracting a plurality of components from 
the input bit stream. Next, the components of the input bit 
stream are analyzed. Based on such analysis, the components 
of the input bit stream are directed into one of a plurality of 
pipelines of the hardware processor for processing purposes. 
In one aspect of the present invention, the components of the 
input bit stream may be directed into one of the pipelines 
based on which pipeline is more suitable for processing the 
components, as indicated by the analysis. 

6 
FIG. 15 is a more detailed flowchart showing the steps 

associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 15a is an illustration showing the injection of zeros 
and a constant between the X and Y components during the 
process routine shown in FIG. 15; 

FIG. 16 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

These and other advantages of the present invention will 10 

become apparent to those skilled in the art upon a reading of 
the following descriptions of the invention and a study of the 
several figures of the drawing. 

FIG. l6a is an additional table of the present invention; 
FIG. 17 is a more detailed flowchart showing the steps 

associated with the process routine operation shown in FIG. 
15 12 in accordance with one of many embodiments of the 

process routine of the present invention; 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects are better understood from the fol
lowing detailed description of one embodiment of the inven
tion with reference to the drawings, in which: 

FIG. 1 is a schematic diagram including a prior art system 
for retrieving and displaying video signals; 

FIG. lS is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 

20 process routine of the present invention; 

FIG. 2 is an illustration of a prior art method for partition
ing an image and converting the RGB components thereof 
into Y, Cr, and Cb components; 

FIG. 3 is an illustration of a prior art method for partition- 25 

ing the Y component of FIG. 2 and further converting the 
various components of the image to the frequency domain via 

FIG. 19 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; 

FIG. 20 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 
12 in accordance with one of many embodiments of the 
process routine of the present invention; a conventional discrete cosine transform (DCT) operation; 

FIG. 4 is an illustration of a prior art method for converting 
the spatial frequencies of FIG. 3 into quantized coefficients 
via a conventional quantizer operation; 

FIG. 21 is an illustration depicting an inverse quantization 
30 operation, in accordance with one embodiment of the present 

FIG. 5 is an illustration ofa prior art method for performing 
a serialization zigzag operation on the quantized coefficients 
of FIG. 4 and subsequently performing a run length encoding 
operation; 

FIG. 6 is an illustration of the resulting data afterthe steps 
of FIGS. 2-5 have been performed; 

35 

FIG. 7 is an illustration of the resulting data afterthe steps 
of FIGS. 2-5 have been performed; 

FIG. S is an illustration of a prior art method of decoding 40 

the data received in the form shown in FIG. 7; 
FIG. Sa is an illustration of a prior art look-up table 

employed during the decoding of data by the process shown 
in FIG. S; 

45 
FIG. 9 is a flowchart illustrating a procedure for decoding 

the data received in the form shown in FIG. 7 in accordance 
with one embodiment of the present invention; 

FIG. 9a is a schematic depicting an exemplary hardware 
embodiment of the present invention; 

FIG. 10 is a more detailed flowchart showing the process
ing of the DC code shown in FIG. 9 in accordance with one 
embodiment of the present invention; 

50 

FIG. 11 is an illustration of a look-up table employed 
during the decoding of data by the process shown in FIG. 9 in 55 
accordance with one embodiment of the present invention; 

FIG. 12 is a more detailed flowchart showing the process
ing of the AC codes shown in FIG. 9 in accordance with one 
embodiment of the present invention; 

FIG. 13 is a more detailed flowchart showing the steps 60 

associated with the alternate decoder operation shown in FIG. 
12 in accordance with one embodiment of the present inven
tion; 

FIG. 14 is a more detailed flowchart showing the steps 
associated with the process routine operation shown in FIG. 65 

12 in accordance with one of many embodiments of the 
process routine of the present invention; 

invention; 
FIG. 22 is an illustration depicting an inverse DCT opera

tion, in accordance with one embodiment of the present 
invention; 

FIG. 23 is an illustration depicting a macro-block assembly 
operation, in accordance with one embodiment of the present 
invention; 

FIG. 24 is an illustration depicting an alternate mode of 
operation, in accordance with one embodiment of the present 
invention; 

FIG. 25 illustrates a hardware processor of the present 
invention; and 

FIG. 26 is a schematic showing a hardware/software con
figuration for implementing a parallel processing technique 
in accordance with one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGS. 1-7 illustrate a coding scheme of the prior art. FIGS. 
S and Sa illustrate a decoding process of the prior art. With 
reference now to FIGS. 9-24, it shown that the present inven
tion includes a system, method, and article of manufacture for 
decompressing a bit stream of compressed data representing 
a plurality of image blocks, or portions. 

As shown in FIG. 9, this includes a two-step method of 
processing both a DC code in operation 900 and a plurality of 
AC codes in operation 902. As is well known by those of 
ordinary skill in the art, the DC code relates to a single initial 
set of the bits representative of an image block while the AC 
codes relate to a plurality of subsequent sets of the bits rep
resenting the image block. This method is preferably a com
puter implemented process executed by a computer system as 
shown in FIG. 9a. 

FIG. 9a illustrates an exemplary hardware configuration in 
accordance with one embodiment having a central processing 
unit 910, such as a microprocessor, and a number of other 
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may be retrieved that is capable of being handled by the 
foregoing data structure. A first decoding operation 1203 is 
then executed based on the obtained compressed input data in 
order to generate first output data. 

The first decoding operation 1203 first includes performing 
a look-up in the look-up table based on the obtained com
pressed input data in operation 1202. Note operation 1204. 
Such look-up may performed in a look-up table "jump" 
which in turn accesses the look-up table of FIG. 11, or may be 

units interconnected via a system bus 912. The hardware 
configuration shown in FIG. 9a includes Random Access 
Memory (RAM) 914, Read Only Memory (ROM) 916, an I/O 
adapter 918 for connecting peripheral devices such as disk 
storage units 920 to the bus 912, a user interface adapter 922 
for connecting a keyboard 924, a mouse 926, a speaker 928, a 
microphone 932, and/or other user interface devices such as a 
touch screen (not shown) to the bus 912, communication 
adapter 934 for connecting the hardware configuration to a 
communication network 935 (e.g., a data processing net
work) and a display adapter 936 for connecting the bus 912 to 
a display device 938. 

The hardware configuration typically has resident thereon 
an operating system such as the Microsoft Windows NT or 
Windows/98/2000 Operating System (OS), the IBM OS/2 
operating system, the MAC OS, or UNIX operating system. 
Those skilled in the art will appreciate that the present inven
tion may also be implemented on platforms and operating 
systems other than those mentioned. 

10 performed directly to the look-up table. In operation 1206, the 
pointer is then retrieved from one of the data segments that 
corresponds to the obtained compressed input data after 
which a jump is executed in operation 1208. Next, the process 
routine corresponding to the retrieved pointer is executed in 

15 operation 1210. The payload is then processed in the executed 
routine in order to generate the first output data, as indicated 
in operation 1212. The manner in which the process routine 
processes the payload will be set forth hereinafter in greater 
detail. 

FIG. 10 shows in greater detail the method of processing 20 

the DC code ofoperation 900 of FIG. 9. First, a predetermined 
number of bits of compressed input data relating to the DC 
code are first obtained from the bit stream in operation 1002. 
Thereafter, in operation 1004, a look-up is performed in a 
look-up table based on the obtained compressed input data. It 25 

should be noted that the present look-up table may be similar 
to the look-up table in operation 804 of Prior Art FIG. 8. In 
other words, the look-up table includes a plurality of data 
segments each having output data therein. 

With continuing reference to FIG. 12, it is shown that a 
recommendation is received as a result of calling the process 
routine that processes the payload. Such recommendation 
comprises the first output data which may take the form of a 
fully decoded output and a number of coefficients or any other 
desired form. It is then determined in decision 1214 whether 
sufficient space is available for the number of coefficients of 
the first output data. In other words, it is determined whether 
there is room for the image block corresponding to the raw 
data. This determination is executed by locating an end of the 
image block. 

If it is determined that there is sufficient space for the 
coefficients of the first output data in decision 1214, the 
recommendation is accepted and the first output data is out
putted in operation 1216. Thereafter, the understood bits of 
the raw data are consumed, or deleted, in operation 1218. 
After the first output data is outputted, it is determined in 
decision 1223 whether the decoding operation is currently 
retrieving compressed input data that are representative of an 
end of an image block. If not, the first decoding operation 
1203 is repeated, as shown in FIG. 12. 

Ifit is determined that there is insufficient space for the first 
output data in decision 1214, an alternate second decoding 
operation 1220 is executed in order to generate second output 
data. More detail will be provided relating to the alternate 

If the look-up ofoperation 1004 is determined to be unsuc- 30 

cessful in decision 1006, at least one bit of the compressed 
input data is zeroed out after which another look-up is per
formed in operation 1008. An unsuccessful look-up often 
occurs as a result of a portion of the AC codes being inadvert
ently obtained. Next, a command component of the com- 35 

pressed input data is consumed, or deleted, in operation 1010. 
DC data is then retrieved from the compressed input data in 
operation 1012 after which such DC data is converted to a 
signed integer in operation 1014. Then, in operation 1016, a 
DC coefficient component of the compressed input data is 40 

processed after which it is emitted to an alternate buffer in 
order to accommodate a large size thereof. Note operation 
1018. Finally, the compressed input data corresponding to the 
DC coefficient component of the compressed input data is 
consumed. Note operation 1020. 45 second decoding operation 1220 in reference to FIG. 13. 

During DC code processing, the look-up may be performed 
on a prior art look-up table similar to that discussed earlier. In 
order to carry out AC code processing, however, a specific 
data structure is employed during use. An example of such 
data structure 1100 is shown in FIG. 11. The data structure 50 

includes a plurality of data segments 1102 each having a 
payload 1104 and a pointer 1106 which, together, amount to 
32 bits. The payload 1104 includes 16 bits in one ofa plurality 

Once it is determined in decision 1223 that the decoding 
operation is at the end of an image block or the alternate 
second decoding operation 1220 has been executed, an 
inverse zigzag operation is performed on the output data in 
operation 1222. Next, an alternate buffer is merged with a 
zigzag buffer in operation 1224. Thereafter, in operation 
1225, an inverse quantization operation is performed on the 
output data. Further, an inverse DCT operation is performed 
on the output data in operation 1226 after which the output of coding schemes. In one embodiment, at least 14 types of 

code schemes are available. Further, the pointer 1106 
includes 10 bits that correspond to a routine stored in memory 
which is capable of processing the coding scheme of the 
payload 1104 associated with the pointer 1106. In addition, 
the data segments 1102 may each further include 4 bits rep
resenting a number, i.e. 1-16, of the obtained bits of com
pressed input data that is understood. Finally, 2 bits are left 
unused. 

55 data is emitted in operation 1228, thereby concluding the 
decompression. Additional detail regarding the foregoing 
operations will be set forth hereinafter in greater detail. 

As mentioned earlier, if during AC decoding it is deter
mined that there is insufficient space for the first output data, 

60 an alternate second decoding operation 1220 is executed in 
order to generate second output data. FIG. 13 is a more 
detailed illustration of the method associated with the alter
nate decoder operation 1220 of FIG. 12. With reference now to FIG. 12, the process associated with 

decompressing the AC codes is shown to begin in operation 
1200. First, a plurality of bits of compressed input data relat- 65 

ing to the AC codes are first retrieved from the bit stream in 
operation 1202. It should be noted that any number of bits 

As shown in FIG. 13, the alternate second decoding opera
tion 1220 includes multiple steps starting with obtaining n 
bits from the input data in operation 1300. The exact number 
of bits may vary depending on a particular Huffman decoding 
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scheme being used. For example, 14 bits are obtained in 
operation in one embodiment of the present invention. There
after, a look-up is performed in a look-up table based on the 
obtained compressed input data. Note operation 1302. It 
should be noted that the look-up table includes a plurality of 
data segments each having the second output data therein. 

If the look-up is determined to be unsuccessful in decision 
1304, at least one bit of the compressed input data is zeroed
out, or deleted, in operation 1305 and another look-up is 
performed. In the present description, a bad look-up is 10 

defined as the situation wherein the input data has no corre
sponding output data in the look-up table, the input data 
corresponds with a meaningless data segment in the look-up 
table, or any other situation where undesired results occur. To 
this end, corrupt or useless data is erased in the search for 15 

meaningful, useful data which has a corresponding data seg
ment in the look-up table. Once a successful look-up occurs in 
decision 1304, the second output data is then retrieved 
directly from one of the data segments in the look-up table 
that corresponds to the currently possessed input data. It is 20 

then determined in decision 1306 whether a current position 
of the input data corresponds with an end of a block of an 
image. 

10 
adjacent to the components in operation 1502. Note FIG. 15a. 
The constant A is smaller than the constants X,Y and initially 
resides in the pointer of the data structure of FIG. 11. As such, 
the constant A is inherent in the pointer which in tum resides 
in the bit stream. Further, the constant A takes little space 
prior to decoding. It should be noted that for every possible 
combination of constant A and the remaining constants X, Y, 
there is a separate corresponding data segment in the look-up 
table. 

With reference now to operation 1504 ofFIG.15, a number 
of zeros are injected between the constants X,Y of the data 
from the payload. Similar to the constant A, the zeros are part 
of the identity of the process routine. Next, in operation 1506, 
the components of the data from the payload, the pointer, and 
the zeros are added to a block position. In the various alternate 
embodiments, the constant A may be injected in front or to the 
rear of the remaining components. In still other embodiments, 
the constants A and/or Y may be excluded. 

FIG. 16 illustrates yet another embodiment of the process 
routine 1210 of FIG. 12, wherein a pointer is first extracted 
from the data segment in operation 1600. It should be noted 
that the present pointer is not that which accesses the data 
segment, but rather an additional pointer situated in the pay
load. Such additional pointer is then used to access a data Upon it being determined that the compressed input data is 

at the end of a block in decision 1306, the method further 
includes emitting zeros to the end of the block in operation 
1313. If, however, it is determined that the compressed input 
data is not at the end of a block in decision 1306, the method 
further includes multiple operations that are executed given 
information from the second output data. 

25 segment in an additional table 1601 like that shown in FIG. 
l6a. The additional table 1601 of FIG. l6a is 8-bytes wide 
with eight entries 1603. Use of the additional table is limited 
to numbers which are capable of fitting within one of the eight 
entries. In alternate embodiments, the table may be config-

30 ured in any size ofn-bytes. 
With continuing reference to FIG. 16, an 8-byte output is 

looked up in the additional table and thereafter emitted to the 
regular buffer in operation 1602 and 1604, respectively. 
Thereafter, the 8-byte output is added to a block position in 

As shown in FIG. 13, such steps include operation 1308 
wherein the zeros are emitted as specified by the second 
output data. A command component of the compressed input 
data is then consumed in operation 1310 after which a coef
ficient component of the compressed input data is retrieved in 
operation 1312. Next, the coefficient component of the com
pressed input data is consumed. Note operation 1314. The 
coefficient component of the compressed input data is then 
converted to a signed integer. Note operation 1316. 

35 operation 1606. 
Still yet another example of the process routine of opera

tion 1210 ofFIG.12is showninFIG.17. The current example 
does not employ the payload of the corresponding data seg
ments of the data structure of FIG. 11. Further, the present 

If the coefficient component is of an appropriate size to fit 
in the normal buffer as determined in decision 1318, the 
coefficient component of the compressed input data is emitted 

40 process routine may be especially useful when a number of 
bits representative of a command is large enough to preclude 
the retrieval of the bits associated with the coefficient. 

in operation 1320. It is then determined again in decision 
1322 whether a current position is at an end of a block of an 
image. If not, the present invention obtains another n bits in 45 

operation 1300 and the method is repeated. 
FIGS. 14-18 illustrate more detailed flowcharts showing 

various permutations associated with the process routine of 
operation 1210 shown in FIG. 12. Such routine processes the 
payload of the data segment of FIG. 11 in accordance with 50 

various methods in order to generate the first output data. 
Examples of such various methods will now be set forth. 

FIG. 14 illustrates a fundamental example of the process 
routine 1210 shown in FIG. 12. As shown, such routine may 
include: extracting data from the payload of the data segment 55 

in operation 1400; formatting the extracted data in operation 
1402; outputting the formatted data in operation 1404; and 
adding a number of coefficient components to a block posi
tion in operation 1406. 

FIG. 15 illustrates another example of the process routine 60 

ofoperation1210 showninFIG.12. Such process routine first 
includes the act of extracting two components of data from 
the payload of the data segment in operation 1500. In particu
lar, the process routine of FIG. 15 extracts two fully decoded 
8-bit constants X,Y embedded in the payload of the data 65 

segment. Such constants are eventually intended to take the 
form of output coefficients. Next, a constant A is injected 

When executed, the process routine of FIG. 17 first 
includes the act of retrieving a coefficient component of the 
compressed input data in the form of raw bits. Note operation 
1700. It should be noted that a number of raw bits to be 
retrieved is inherent in the process routine. Next, the coeffi
cient component of the compressed input data is converted to 
into a signed integer in operation 1702. Zeros are then 
injected in operation 1704. In one embodiment, this may be 
accomplished by simply advancing an output pointer in a field 
of existing zeros inherent in the process routine. The coeffi
cient component of the compressed input data is then emitted 
in operation 1706. The coefficient component of the com
pressed input data is added to the main buffer unless too large 
in which case the coefficient component is emitted to the 
alternate buffer. Next, in operation 1708, the coefficient com
ponent of the compressed input data is added to a block 
position. 

FIG. 18 illustrates still another embodiment of the process 
routine of operation 1210 of FIG. 12. Namely, such process 
routine accommodates the situation in which an amount of 
bits obtained is insufficient in containing all of the necessary 
Huffman Coding commands. This is accomplished by a sec
ond look-up which is performed with remaining bits to be 
processed. The instant process routine initially includes 
extracting an auxiliary pointer from the payload of the data 
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segment that corresponds to one of a plurality of auxiliary 
data segments in an auxiliary look-up table. Note operation 
1800. Next, bits are obtained from the compressed input data 
in operation 1802. It should be noted that in the present 
embodiment, look-ups may be continuously executed until 
desired data is obtained. See operation 1804 

As shown earlier in FIG. 12, multiple final steps are taken 

12 
first output data. Instead, the zeros are handled after inverse 
quantization and DCT processing operations are performed. 
To accomplish this, information relative to the zeros is 
embedded in the process routine so that zeros may be inserted 
after the inverse quantization and DCT processing opera
tions. The present embodiment thus represents another mode 
of operation which can be characterized as a serialized DCT 
process. 

In particular, the embodiment of FIG. 24 begins in opera
tion 2400 by extracting a plurality of non-zero coefficients 
upon which a non-zero coefficient is retrieved in operation 
2402. Next, in operation 2404, inverse quantization is per
formed similar to that disclosed in reference to FIG. 21. 

in order to complete decompression of the data. The inverse 
zigzag operation 1222 of FIG. 12 is shown in greater detail in 
FIG. 19. Such operation is necessary in order to reverse the 10 

order of the data, thereby negating the effects of the zigzag 
operation during compression in order to prepare for an 
inverse DCT operation. To accomplish the inverse zigzag 
operation, a reverse order operation 1900, a first transpose 
operation 1902, a rotation 1904, and a second transpose 
operation 1906 is carried out in a mamier well known to those 
skilled in the art. In the alternative, the inverse zigzag opera
tionmay be modified for various microprocessors that may be 
currently used. 

Thereafter, an inverse DCT process is executed in a manner 
15 similar to that set forth hereinabove in FIG. 22. It should be 

noted that the inverse DCT process is carried out only on 
coefficients eligible. Sec operation 2406. Finally, the zeros 
are handled in operation 2408. 

In still another embodiment, the present invention employs 
an additional procedure upon obtaining each set of n bits in 
order to effect more efficient processing. In particular, such 
procedure entails effectively inputting then bits into a hard
ware processor in order to process the sets of n bits in a 
manner that best exploits the particular architecture of the 
hardware processor. 

FIG. 25 shows a hardware processor 2500, or central pro
cessing unit, which receives data by way of a software-gov
erned method. It should be understood that such method may 
also be executed by hardware, or even a portion of the hard
ware processor 2500. In order to receive such data for pro
cessing, the hardware processor 2500 includes at least two 
"pipelines" 2502 and 2504 which include inputs to separate 
components of the hardware processor. Such architecture is 
commonly known to those skilled in the art. For example, 

While the inverse zigzag operation and the remaining 20 

decompression operations perform better with data of a 
smaller magnitude, i.e. 8/bits per sample, the data may be 
expanded to 16/bits per sample in order to accommodate 
larger requirements of certain blocks of the image. To accom
modate such situation, an alternate buffer 2000 is merged 25 

with a zigzag buffer 2002, as shown in FIG. 20. By this 
structure, blocks of the image requiring 16/bits per sample 
may be accommodated and an output of 8/bits per sample 
may be obtained. As such, the remaining decompression 
operations may expediently process the data at 8/bits per 30 

sample while still accommodating periodic requirements for 
larger data samples of up to 16/bits per sample. It should be 
noted that each of the coefficients that reside in the alternate 
buffer include a tag or identifier 2004 to indicate a proper 
location or order in the inverse zigzag operation. 35 such hardware processor may take the form of an INTEL 

PENTIUM processor. Each of the components of the hard
ware processor are adapted to process the inputted data inde
pendently and even in different mamiers. 

FIG. 21 is an illustration of operation 1225 of FIG. 12 
which includes the inverse quantization operation. The spe
cific order of such inverse quantization operation is critical 
since such operation performs optimally on data samples of 
smaller sizes like those outputted by the auxiliary buffer 
2000. As shown in FIG. 21, the quantized coefficients 2100 
from the auxiliary buffer 2000 are multiplied by inverse quan
tization coefficients 2102 thus rendering spatial frequency 
coefficients 2104. 

FIG. 22 shows in greater detail the two-dimensional (2-D) 
inverse DCT operation 1226 of FIG. 12. As is well known to 
those of ordinary skill, the 2-D DCT operation processes the 
spatial frequency coefficients 2104 in order to generate image 
data 2200. Such image data 2200 takes the form of a plurality 
of 8x8 data samples which each comprise a portion of a color 
component of an image block. 

FIG. 23 illustrates the block assembly operation 1228 of 
FIG. 12, wherein the portions of the color components 2300 
of the image block are combined into 16x 16 data samples 
2302 which represent a complete color component of the 
corresponding image block. Next, a matrix multiplication 
operation 2304 is executed which combines the color com
ponents in order to render the complete image block 2306 that 

With continuing reference to FIG. 25, the software may 
40 include multiple components one of which includes a proces

sor module 2506. At least one of the functions of the proces
sor module 2506 is to obtain sets of n bits and optionally 
process them using the various methods set forth herein
above. In addition to the processor module 2506, a pipe data 

45 analyzer 2508 may be employed to feed each set of bits to the 
pipelines 2502 and 2504 of the hardware processor 2500. 

Which of the two or more pipelines to which the pipe data 
analyzer 2508 sends each set of bits may depend on various 
factors. For example, each set of bits may be directed to the 

50 pipelines 2502 and 2504 of the hardware processor 2500 
based on which pipeline affords most efficient use of the 
hardware processor 2500. In the alternative, the pipe data 
analyzer 2508 may direct each set of bits based on which of 
the pipelines 2502 and 2504 of the hardware processor 2500 

55 is best suited to handle the associated processing. 
FIG. 26 illustrates a method associated with the hardware 

is representative of RGB values. The data samples are thus 
ready for conventional final processing for display, storage, 60 

transmission, or the like. 

ofFIG. 25. As shown, the method begins in operation 2600 by 
the processor module 2506 extracting sets of bits, or compo
nents, from an input bit stream. Next, in operation 2602, the 
components of the input bit stream are analyzed by the pipe 
data analyzer 2508. Based on such analysis, the components 
of the input bit stream are directed into one of the pipelines for 
processing purposes. In one embodiment, the components of 
the input bit stream may be directed into one of the pipelines 
based on which pipeline is more suitable for processing the 
components, as indicated by the analysis. In any embodiment, 
an increase in efficiency is achieved during processing. 

FIG. 24 illustrates another embodiment of the present 
invention the beginning of which is similar to that disclosed in 
FIG. 15. A major difference resides in the fact that upon the 
extraction of coefficient components of compressed input 65 

data, zeros are not immediately injected as set forth in the 
foregoing examples of process routines which generate the 
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While this invention has been described in terms of several 
preferred embodiments, it is contemplated that alternatives, 
modifications, permutations, and equivalents thereof will 
become apparent to those skilled in the art upon a reading of 
the specification and study of the drawings. It is therefore 
intended that the true spirit and scope of the present include 
all such alternatives, modifications, permutations, and 
equivalents. 

What is claimed is: 
1. A method for decoding video data comprising: 10 

obtaining encoded video data; 
executing a first decoding operation on at least a portion of 

said encoded video data in order to generate first 
decoded data; 

determining whether the first decoding operation was suf- 15 

ficiently correct; 
executing a second decoding operation on said at least 

portion of said encoded video data which is slower than 
said first decoding operation in order to generate second 
decoded data if said first decoding operation was not 20 

sufficiently correct; and 
using said first decoded data ifit is determined that said first 

decoding operation was sufficiently correct and said sec
ond decoded data if it is determined that said first decod-
ing operation was not sufficiently correct. 25 

2. A computer program embodied on a computer readable 
medium for decoding video data, the computer program com
prising: 

a code segment for obtaining encoded video data; 
a code segment for executing a first decoding operation on 30 

at least a portion of said encoded video data in order to 
generate first decoded data; 

14 
a code segment for determining whether the first decoding 

operation was sufficiently correct; 

a code segment for executing a second decoding operation 
on said at least portion of said encoded video data which 
is slower than said first decoding operation in order to 
generate second decoded data if said first decoding 
operation was not sufficiently correct; and 

a code segment for using said first decoded data if it is 
determined that said first decoding operation was suffi
ciently correct and said second decoded data if it is 
determined that said first decoding operation was not 
sufficiently correct. 

3. An apparatus for decoding video data comprising: 

means for obtaining encoded video data; 

means for executing a first decoding operation on at least a 
portion of said encoded video data in order to generate 
first decoded data; 

means for determining whether the first decoding opera
tion was sufficiently correct; 

means for executing a second decoding operation on said at 
least portion of said encoded video data which is slower 
than said first decoding operation in order to generate 
second decoded data if said first decoding operation was 
not sufficiently correct; and 

means for using said first decoded data if it is determined 
that said first decoding operation was sufficiently correct 
and said second decoded data if it is determined that said 
first decoding operation was not sufficiently correct. 

* * * * * 
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