
Page 1  

UNITED STATES PATENT AND TRADEMARK OFFICE 
_________________ 

BEFORE THE PATENT TRIAL AND APPEAL BOARD 
_________________ 

LENOVO (UNITED STATES), INC., 
Petitioner, 

v. 

TELEFONAKTIEBOLAGET LM ERICSSON, 
Patent Owner. 

U.S. Patent No. 10,708,618 
Issued: July 7, 2020 

Application No. 16/440,274 
Filed: June 13, 2019 

 
Title: REFERENCE PICTURE SIGNALING 

_________________ 

DECLARATION OF DR. CHARLES D. CREUSERE 

  

LENOVO 
 EXHIBIT 1003



Patent 10,708,618 

Page 2 

TABLE OF CONTENTS 

Page 

I. INTRODUCTION AND ENGAGEMENT .................................................... 5 

II. BACKGROUND AND QUALIFICATIONS ................................................. 5 

III. MATERIALS CONSIDERED AND   
INFORMATION RELIED UPON REGARDING ’618 PATENT ............... 11 

IV. UNDERSTANDING OF PATENT LAW .................................................... 13 

V. PERSON OF ORDINARY SKILL IN THE ART ........................................ 17 

VI. DEVELOPMENT OF VIDEO CODING TECHNOLOGIES ...................... 18 

A. Video Coding Standards ...................................................................... 27 

1. Advanced Video Coding (H.264/AVC) .................................... 27 

2. High Efficiency Video Coding (H.265/HEVC) ........................ 45 

VII. THE ’618 PATENT ....................................................................................... 46 

A. The ’618 Patent’s Specification .......................................................... 46 

B. The Challenged Claims ....................................................................... 50 

C. The Relevant Prosecution History Of  
The ’618 Patent And Its Family Members .......................................... 51 

VIII. CLAIM CONSTRUCTION .......................................................................... 54 

IX. GROUND 1: CLAIMS 1-7 ARE   
OBVIOUS OVER MULROY IN VIEW OF H.264/AVC ............................ 55 

A. Mulroy (U.S. 2009/0052531; EX1004) .............................................. 55 

B. H.264/AVC (EX1005) ........................................................................ 60 

C. Combining Mulroy And H.264/AVC ................................................. 67 

D. The Mulroy-H.264/AVC Combination ............................................... 71 



Patent 10,708,618 

Page 3 

1. The Mulroy-H.264/AVC   
Combination Can Maintain The Same Set   
Of Frames In The DPB From One Slice To the Next............... 72 

2. The Mulroy-H.264/AVC Combination   
Can Remove Frames From The DPB To   
Recover From The Loss Of MMCO Commands ..................... 74 

3. The Mulroy-H.264/AVC Combination   
Can Add Frames To The DPB To Recover   
From The Loss Of Encoded Data For A Previous Frame ........ 79 

E. The Mulroy-H.264/AVC Combination  
Renders Claims 1-7 Of The ’618 Patent Obvious ............................... 84 

1. Claim 1 ...................................................................................... 84 

2. Claim 2 ...................................................................................... 94 

3. Claim 3 ...................................................................................... 96 

4. Claim 4 ...................................................................................... 98 

5. Claim 5 .................................................................................... 102 

6. Claim 6 .................................................................................... 103 

7. Claim 7 .................................................................................... 104 

X. GROUND 2: CLAIMS 8-19 ARE OBVIOUS OVER   
MULROY IN VIEW OF H.264/AVC AND RAVEENDRAN .................. 105 

A. Raveendran (U.S. 2006/0165176; EX1006) ..................................... 105 

B. Combining Mulroy, H.264/AVC, And Raveendran ......................... 106 

C. The Mulroy-H.264/AVC-Raveendran Combination ........................ 108 

1. Claim 8 .................................................................................... 108 

2. Claim 9 .................................................................................... 110 

3. Claim 10 .................................................................................. 111 



Patent 10,708,618 

Page 4 

4. Claim 11 .................................................................................. 112 

5. Claim 12 .................................................................................. 113 

6. Claim 13 .................................................................................. 116 

7. Claim 14 .................................................................................. 118 

8. Claim 15 .................................................................................. 121 

9. Claim 16 .................................................................................. 122 

10. Claim 17 .................................................................................. 123 

11. Claim 18 .................................................................................. 125 

12. Claim 19 .................................................................................. 125 

XI. OBJECTIVE INDICIA OF NON-OBVIOUSNESS ................................... 126 

  



Patent 10,708,618 

Page 5 

I, Charles D. Creusere, do hereby declare:  

I. INTRODUCTION AND ENGAGEMENT  

1. I have been retained as an independent expert on behalf of Lenovo in 

connection with the above-captioned Petition for Inter Partes Review (“IPR”) to 

provide my analyses and opinions on certain technical issues related to U.S. Patent 

No. 10,708,618 (hereinafter “the ’618 patent”). 

2. I am being compensated at my usual and customary rate for the time I 

spend in connection with this IPR. My compensation is not affected by the 

outcome of this IPR. 

3. Specifically, I have been asked to provide my opinions regarding 

whether claims 1-19 (each a “challenged claim” and collectively the “challenged 

claims”) of the ’618 Patent would have been obvious to a person having ordinary 

skill in the art (“POSITA”) as of June 30, 2011. It is my opinion that each 

challenged claim would have been obvious to a POSITA after reviewing the prior 

art discussed herein. 

II. BACKGROUND AND QUALIFICATIONS 

4. This section contains a summary of my educational background, 

career history, publications, and other relevant qualifications. My full curriculum 

vitae is attached as Appendix A to this declaration. 
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5. I received a Bachelor of Science degree in Electrical and Computer 

Engineering from the University of California at Davis in 1985. I received a 

Master’s of Science degree in Electrical and Computer Engineering from the 

University of California at Santa Barbara in 1990, and I received my Ph.D. in 

Electrical and Computer Engineering, also from the University of California at 

Santa Barbara in 1993.  

6. I have more than 30 years of experience with data compression, 

decompression, and data storage.  

7. I am currently a Full Professor in the Klipsch School of Electrical & 

Computer Engineering at New Mexico State University, and I hold the Frank 

Carden Endowed Chair in Telemetering and Telecommunications. I was an 

Assistant Professor at New Mexico State from January 2000 until I became an 

Associate Professor in 2004. I have been a Full Professor since August 2010. My 

research and coursework at New Mexico State have focused on digital signal and 

image and video processing. Much of the research I have done over the course of 

my career is in the area of image and video compression.  

8. My first exposure to the field of signal compression came in the fall of 

1989, when I took a course entitled Vector Quantization and Signal Compression 

at UCSB from Prof. Allen Gersho—an internationally renowned researcher in the 

area of speech compression. As my Ph.D. research progressed, I began to focus on 
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transform-based compression as my main application area. My first paper dealing 

with image compression was published in 1991. I have since written 24 other 

journal and conference papers directly related to compression, and I am the named 

inventor on two issued United States patents related to compression. 

9. Since joining the faculty of New Mexico State University in 2000, I 

have taught numerous classes at both the graduate and undergraduate levels. At the 

graduate level, I have taught the following courses: Signal Compression (EE573), 

Image Processing (EE596), Digital Signal Processing (EE545), Pattern 

Recognition (EE565), Advanced Linear Systems (EE555), Telemetering Systems 

(EE585), Information Theory (EE586), Adaptive Signal Processing (EE594), 

Multirate Signal Processing and Wavelets (EE595), and Neural Signal Processing 

(EE597). At the undergraduate level, I have taught the following courses: Linear 

Algebra & Probability (EE200), Signals and Systems I (EE312), Image Processing 

(EE446), Introduction to Digital Signal Processing (EE395), and Digital 

Communications (EE497). 

10. From 1993 through 1999, I was a Researcher and Team Leader, at the 

Naval Air Warfare Center, China Lake. At China Lake, my research efforts 

focused on high speed image and video compression technologies including 

embedded wavelet video compression. In particular, I developed and demonstrated 

a real-time video streaming system that combined scalable video coding with 
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motion compensated prediction to communicating video over TCP/IP networks 

from a remote server to a centralized client. 

11. From 1990 through 1993, I worked as a Research Assistant in the 

Department of Electrical and Computer Engineering at the University of 

California, Santa Barbara. In this position, I worked on subband coding 

(compression) and multirate filter bank theory. I also implemented real-time filter 

banks on a digital signal processer. In the summer of 1992, I worked at AT&T Bell 

labs where I developed and simulated new methods of extremely low bit rate video 

coding for video telephone applications. 

12. From 1985 through 1989, I worked as a Design Engineer at the Naval 

Weapons Center, China Lake. In this role, I built and tested the guidance 

electronics for various laser guided munitions. This project included mixed analog 

and digital circuit design as well as the programming of an embedded digital signal 

processor. I also developed software for an advanced video processor and studied 

ground target tracking.  

13. A full listing of my publications is found in my curriculum vitae. See 

Appendix A.  

14. I have published 17 peer-reviewed journal articles and 94 conference 

papers, including 9 journal articles and 30 conference papers directly related to 

data compression; the following are representative:  
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• C.D. Creusere, “A new method of robust image compression based on the 

embedded zerotree wavelet algorithm,” IEEE Trans. on Image Processing, 

Vol. 6, No. 10, pp. 1436-42, Oct. 1997.  

• C.D. Creusere, “Fast embedded compression for video,” IEEE Trans. on 

Image Processing, Vol. 8, No. 12, pp. 1811-16, Dec. 1999.  

• C.D. Creusere, "Motion compensated video compression with reduced 

complexity encoding for remote transmission," Signal Processing: Image 

Communications, Vol. 16, No. 7, pp. 627-42, April 2000. 

• C.D. Creusere, "Fast embedded compression for video," IEEE Trans. On 

Image Processing, Vol. 8, No. 12, pp. 1811-16, Dec. 1999. 

• Castorena, J.; Creusere, C.D., "The Restricted Isometry Property for Banded 

Random Matrices," Signal Processing, IEEE Trans. on Image Processing, 

Vol. 62, No. 19, pp. 5073-84, Oct. 1, 2014. 

• Castorena, J.; Creusere, C.D., "Sampling of Time-Resolved Full-Waveform 

LIDAR Signals at Sub- Nyquist Rates," IEEE Trans. on Geoscience and 

Remote Sensing, Vol.53, No.7, pp. 3791-802, July 2015.  

• S. Kandadai and C.D. Creusere, "Scalable Audio Compression at Low 

Bitrates," IEEE Trans. on Audio, Speech, and Language Processing, Vol. 16, 

No. 5, pp. 969-79, July 2008. 
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15. I am a named co-inventor on two issued patents, both relating 

specifically to image and video compression. I am the listed inventor on U.S. 

Patent No. 6,148,111 entitled “Parallel digital image compression system for 

exploiting zerotree redundancies in wavelet coefficients” and U.S. Patent No. 

6,466,698 entitled “Efficient embedded image and video compression system using 

lifted wavelets.” 

16. In addition to the experience and publications listed above, I have also 

received the following awards and distinctions that are relevant to the subject 

matter of this declaration. I am currently deputy Editor-in-Chief for IEEE 

Transactions on Image Processing as well as an Area Editor for IEEE Open Journal 

on Signal Processing. I have previously served as an Associate Editor for IEEE 

Transactions on Image Processing from 2010 through 2014. I have also served in 

this capacity from 2002 through 2005. From 2008-2013, I served as an Associate 

Editor for IEEE Transactions on Multimedia. I also served as a Senior Area Editor 

for IEEE Transactions on Image Processing from 2016-2022. 

17. In 2004, I served as the co-general chair for the IEEE Digital Signal 

Processing Workshop in Taos, New Mexico. In 2012 and 2014, I served as the co-

technical chair for the Southwest Symposium on Image Analysis and Interpretation 

held in Santa Fe, New Mexico and San Diego, CA, respectively. In addition, I 

served as the technical chair for the 2015 and 2021 International Telemetering 
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Conference held in Las Vegas, NV in October. I am also a member of the technical 

program committees for the IEEE Data Compression Conference, IEEE 

International Conference on Image Processing and the IEEE Acoustics, Speech, 

and Signal Processing Conference. 

18. The above outline of my experience with communications systems is 

not comprehensive of all of my experience over my years of technical experience. 

Additional details of my background are set forth in my curriculum vitae, attached 

as Appendix A to this Declaration, which provides a more complete description of 

my educational background and work experience.  

III. MATERIALS CONSIDERED AND  
INFORMATION RELIED UPON REGARDING ’618 PATENT 

19. In preparing this declaration, I have reviewed the following materials 

bearing Exhibit Nos. that I understand are being referenced in the IPR to which my 

declaration accompanies: 

LIST OF EXHIBITS 

 No. Description 

1001  U.S. Patent No. 10,708,618 (“the ’618 patent”)  

1002  File History of U.S. Patent No. 10,708,618 

1003  N\A 

1004  U.S. Patent Pub. No. 2009/0052531 (“Mulroy”) 

1005  ITU-T Recommendation H.264 (Nov. 2007) SERIES H: 
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infrastructure of 
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 No. Description 

audiovisual services – Coding of moving video - Advanced video 
coding for generic audiovisual services (“H.264/AVC”) 

1006  U.S. Patent Application Pub. No. 2006/0165176 (“Raveendran”) 

1007  N/A 

1008  ITU-T Recommendation H.263 (Nov. 2000), Annex U: Enhanced 
reference picture selection mode, International Telecommunication 
Union (prepared by ITU-T Study Group 16 (2001-2004) and 
approved under the WTSA Resolution 1 procedure on Nov. 17, 
2000) 

1009  File History of U.S. Patent Application No. 15/299,997, which 
issued as U.S. Patent No. 9,807,418 

1010  Comparison of Challenged Claims 

1011  ITU-T Recommendation H.263 (Feb. 1998) SERIES H: 
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infrastructure of 
audiovisual services – Coding of moving video – Video coding for 
low bit rate communication (“H.263 (1998)”) 

1012   N/A 

1013  ITU-T Recommendation H.263 (Jan. 2005) SERIES H: 
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infrastructure of 
audiovisual services – Coding of moving video – Video coding for 
low bit rate communication (“H.263”) 

1014  Recommendation ITU-T H.265 (Apr. 2013) SERIES H: 
AUDIOVISUAL AND MULTIMEDIA SYSTEMS Infrastructure of 
audiovisual services – Coding of moving video – High efficiency 
video coding (“H.265”) 

1015  Stephan Wenger, H.264/AVC Over IP, IEEE Transactions on 
Circuits and Systems for Video Tech., Vol. 13, No. 7 (July 2003) 
(“Wenger”) 

1016  Thomas Wiegand et al., Overview of the H.264/AVC Video Coding 
Standard, IEEE Transactions on Circuits and Systems for Video 
Tech., Vol. 13, No. 7 (July 2003) (“Wiegand”) 
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IV. UNDERSTANDING OF PATENT LAW 

20. I am not an attorney. For the purposes of this declaration, I have been 

informed about certain aspects of the law that are relevant to my opinions. My 

understanding of the law was provided to me by the Petitioner’s attorneys.  

21. I understand that when considering the scope of the claims of a patent 

that the patent claim terms should generally be given the ordinary meaning that the 

terms would have to a POSITA after reading the patent as of the earliest claimed 

priority date. 

22. I understand that the POSITA is deemed to read the claim term not 

only in the context of the particular claim in which the term appears, but in the 

context of the entire patent, including the specification. I further understand that 

the principal considerations regarding the scope and meaning of a claim are the 

plain language of the claim (including the surrounding claim language and 

context), the patent specification, and the prosecution history. I understand that 

while a claim is to be read in light of the specification, one must generally avoid 

importing limitations into the claim from the specification. I am also informed that 

the prosecution history can often inform the meaning of the claim by 

demonstrating how the inventor understood the invention and whether the inventor 

limited the invention in the course of prosecution, making the claim scope 
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narrower than it would otherwise be. I applied these understandings when 

considering the scope and meaning of the claims of the ’618 patent. 

23. I understand that a claim is unpatentable if it would have been 

obvious. Obviousness of a claim requires that the claim would have been obvious 

from the perspective of a POSITA at the time the alleged invention was made. I 

understand that a claim could have been obvious from a single prior art reference 

or from a combination of two or more prior art references. 

24. I understand that an obviousness analysis requires an understanding of 

the scope and content of the prior art, any differences between the alleged 

invention and the prior art, and the level of ordinary skill in evaluating the 

pertinent art. 

25. I further understand that a claim would have been obvious if it unites 

old elements with no change to their respective functions, or merely substitutes one 

element for another known in the field, and that combination yields predictable 

results. While it may be helpful to identify a reason for this combination, I 

understand that there is no strict requirement of finding an express teaching, 

suggestion, or motivation to combine within the references. When a product is 

available, design incentives and other market forces can prompt variations of it, 

either in the same field or different one. If a POSITA can implement a predictable 

variation, obviousness likely bars its patentability. For the same reason, if a 
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technique has been used to improve one device and a POSITA would have 

recognized that it would improve similar devices in the same way, using the 

technique would have been obvious. I understand that a claim would have been 

obvious if common sense directs one to combine multiple prior art references or 

add missing features to reproduce the alleged invention recited in the claims. 

26. I am informed by counsel for the Petitioner and understand that when 

a patented invention is a combination of known elements, a court must determine 

whether there was an apparent reason to combine the known elements in the 

fashion claimed by the patent at issue by considering the teachings of prior art 

references, the effects of demands known to people working in the field or present 

in the marketplace, and the background knowledge possessed by a POSITA. 

27. I am informed by counsel for the Petitioner and understand that a 

patent claim composed of several limitations is not proved obvious merely by 

demonstrating that each of its limitations was independently known in the prior art. 

I am informed by counsel for the Petitioner and understand that identifying a 

reason those elements would be combined can be important because inventions in 

many instances rely upon building blocks long since uncovered and claimed 

discoveries almost of necessity tend to be combinations of what, in some sense, is 

already known. I am informed by counsel for the Petitioner and understand that it 
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is improper to use hindsight in an obviousness analysis, and that a patent’s claims 

should not be used as a “roadmap” to combine prior art references. 

28. I further understand that certain factors may support or rebut the 

obviousness of a claim. I understand that such secondary considerations include, 

among other things, commercial success of the patented invention, skepticism of 

those having ordinary skill in the art at the time of invention, unexpected results of 

the invention, any long-felt but unsolved need in the art that was satisfied by the 

alleged invention, the failure of others to make the alleged invention, praise of the 

alleged invention by those having ordinary skill in the art, and copying of the 

alleged invention by others in the field.  

29. I understand that there must be a nexus—a connection—between any 

such secondary considerations and the alleged invention. I also understand that 

contemporaneous and independent invention by others is a secondary consideration 

tending to show obviousness. 

30. I understand that in considering obviousness, it is important not to 

determine obviousness using the benefit of hindsight derived from the descriptions 

found in the patent being considered. 

31. I understand that other challenges to the patentability of a patent, 

including patent ineligibility, non-enablement, lack of written description support, 
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and lack of definiteness or clarity of claim language, cannot be raised in IPR 

proceedings before the Board.  

32. I understand that Petitioner has the burden of proving unpatentability 

by a preponderance of evidence, which means that the claims are more likely than 

not unpatentable.  

33. The analysis in this declaration is in accordance with the above-stated 

legal principles.  

V. PERSON OF ORDINARY SKILL IN THE ART  

34.  It is my understanding that when interpreting the claims of the ’618 

patent I must do so based on the perspective of one of ordinary skill in the art at the 

relevant priority date. My understanding is that the earliest claimed priority date of 

the ’618 patent is June 30, 2011. 

35. It is my opinion that a person of ordinary skill in the art in June 2011 

(“POSITA”) would have had at least a bachelor’s degree in electrical engineering, 

computer engineering, or a related field, with about two years of experience in 

video decoding or encoding technologies. More work or practical experience may 

qualify one not having the requisite education as a person with ordinary skill in the 

art while a higher level of education could offset less experience. 
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36. A person of skill in the art would have also had knowledge of the 

relevant video coding standards at the time, which would have included the H.263 

and H.264/MPEG 4 AVC standards and the nascent H.265/HEVC standard. 

37. Well-known industry publications, such as the recommendations and 

standards published by the international bodies for audiovisual standards, reflect 

the knowledge of a person of ordinary skill in the art. Additional knowledge and 

skills possessed by a person of ordinary skill in the art are discussed below in 

Section VI. 

38. I am a person of at least ordinary skill in the art and was so at the time 

of the alleged invention of the ’618 patent. 

VI. DEVELOPMENT OF VIDEO CODING TECHNOLOGIES 

39. Like film, video comprises a rapid sequence of still images that the 

human vision system integrates into a perception of motion. The “moving images” 

are often called video frames or video pictures. 

40. Digital video in its raw format is highly redundant. Video coding also 

known as video compression, is the art of removing the spatial and temporal 

redundancy to enable storage or transmission of digital video data with vastly 

fewer bits, while preserving the quality of the raw video data to the maximum 

extent possible. Each video frame comprises a regular, rectangular array of pixels. 



Patent 10,708,618 

Page 19 

The density of the pixel array determines the highest spatial resolution enabled by 

a particular video system.  

41. Within a given scene being imaged by a video system, the content is 

very likely not to contain the highest level of detail except in a few, small areas. 

While a prescribed density of pixels may accurately describe such high detail 

areas, that density of pixels is overkill for the rest of the scene to a greater or lesser 

degree. Thus, the digital representation of the typical digital video frame contains 

spatial redundancy. For example, if the video scene contains the sky, or a 

uniformly painted wall, adjacent pixels will have almost identical intensity and 

color. 

42. Video compression and decompression are typically performed by a 

video codec (coder-decoder). A codec is a hardware or software tool that 

compresses and decompresses digital video according to a video coding standard. 

A coder (or encoder) compresses an input video signal by applying techniques to 

reduce the data size, resulting in an encoded bitstream of the compressed video. A 

decoder performs the inverse operations on the bitstream to reconstruct a 

representation of the original video signal. 
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EX1013, 2 (depicting a block diagram of the H.263 video codec) (annotated). 

43. One of the earliest examples of video compression used change 

detection to effect the removal of temporal redundancy. For example, U.S. Patent 

No. 1,796,030 to Ray D. Kell, filed in 1929, describes the efficient transmission of 

video by only transmitting changed elemental areas of the image from one picture 

to the next. U.S. Patent No. 1,796,030, 1:1-7. Kell’s work was further developed at 

Bell Labs in the 1960s by applying a process called conditional update that 

distinguishes stationary from non-stationary pixels and transmits only the pixels 

that have changed. E.g., U.S. Patent No. 3,553,362, 1:8-27 (describing “conditional 

replenishment video systems” where a “transmitted sample is used to update or 

replenish its corresponding sample in a receiving frame memory” upon a 

“conditional determination”). Related work by F.W. Mounts, in 1968, described 
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using a threshold to determine significant changes between pixels, where the 

threshold identifies the number of pixels having significant change required in 

order to trigger transmission of the change. E.g., U.S. Patent No. 3,571,505, 1:42-

61. Mounts also acknowledges the threshold that applies to distinguishing noise in 

the video from a true change. Id., 16:49-53. 

44. Bell Labs also developed spatial compression by predicting the value 

of a pixel from neighboring pixels. This recognizes that in many areas of a picture, 

the pixels are highly correlated, and the values of adjacent pixels are very similar 

in luminance and chrominance. E.g., U.S. Patent No. 2,701,274, 4:1-27. Spatial 

prediction evolved from simply predicting a current pixel from its neighbor (to the 

left) in the raster scan, to adaptively predicting from the neighbor to the left or the 

neighbor on the raster scan line above (requiring the buffering of a line of video 

data). This was further extended to include adaptively predicting from the co-

located pixel in the previous picture (requiring the buffering of a picture of video 

data). E.g., U.S. Patent No. 3,051,778, 3:46-4:2. 

45. The image and video compression work at Bell Labs was almost 

exclusively pixel-based in the 1960s and 1970s. At the time, memory sizes were 

very small by today’s standards while its cost was very high, meaning that 

buffering many rows of pixels to perform processing on two-dimensional blocks of 

pixels was prohibitive. Furthermore, the cost of the digital logic required to process 
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blocks of pixels at real-time video rates was also prohibitive. Some researchers, 

however, pursued an approach called transform coding, in which blocks of pixels 

such as 16 x 16 pixels were converted into a set of transform coefficients to 

facilitate the removal of spatial redundancy. E.g., U.S. Patent No. 3,679,821 

(entitled “Transform coding of image difference signals”); U.S. Patent No. 

4,245,248, 1:14-31 (explaining that “it has been found advantageous to partition 

individual frames of video data into blocks or groups of picture elements, and to 

perform a two-dimensional, generally linear transformation of each block so as to 

generate a set of transform coefficients,” which are “then used for prediction 

purposes”). Instead of performing pixel-based processing, the transform approach 

transforms blocks of pixels into spatial frequency coefficients, which can be more 

easily and effectively encoded than the raw pixels themselves because as discussed 

above, most regions of a picture contain only low spatial frequency information 

(i.e., low-detail information), thus only a few low spatial frequency coefficients 

will need to be encoded. 

46. Block-based motion compensation was developed in 1974. Motion is 

modeled as a translation of objects within the scene, in the plane of the imaging 

system. While this model is clearly an approximation (for example, it ignores 

rotation, zoom and occlusion), it works remarkably well, especially when applied 

to small blocks of pixels into which each video picture may be divided.  
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47. This technique identifies blocks in the scene in which the content has 

not changed in the current picture from the previous picture, and does not update 

them, while blocks that have changed are predicted from blocks in the previous 

picture that may be displaced. The displacement is represented in the encoder by a 

motion vector.  

48. Because the prediction may not be perfect, the pixel values of the 

predicted block are subtracted from the pixels of the block to be coded, yielding a 

residual block of prediction errors. If the simple translation model for motion is 

valid for the current block to be coded, the residual pixel values are zero or very 

small, and can be coded using just a few bits. It should be noted however that 

because the model can fail, a block of pixels may be coded more efficiently 

without reference to another picture, and a decision is made on a block-by-block 

basis as to the use of temporal prediction – which is often called inter-prediction or 

inter-picture prediction– or whether to predict the values of the pixels in the block 

from neighboring blocks of pixels in the same picture. Such spatial prediction 

within a picture is often called intra-prediction or intra-picture prediction, and it 

also may produce a block of residual pixel values. Modern video coding standards 

all use these techniques.  

49. It should be noted that the use of prediction from one picture to the 

next means the encoder/transmitter and decoder/receiver must maintain identical 
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copies of the pictures used for prediction, which are reconstructed versions of 

previously encoded/decoded pictures. This implies the decoder must receive a 

perfect copy of the transmitted differences between a current picture and a 

prediction (reference) picture, or else it will not correctly reconstruct the current 

picture. Worse yet, the errors introduced will then continuing to future encoded 

pictures, resulting in degraded video quality long after the original error occurred.  

50. An encoder and decoder each typically include a buffer referred to as 

the “Decoded Picture Buffer” or simply “DPB.” EX1005, 297 (§C.2); EX1013, 

149 (describing a “memory buffer of reference pictures” in H.263). A DPB can be 

managed by simple rules (e.g., only store the most recently decoded picture). But 

to fully harness the advantages of inter prediction, however, the reference pictures 

sometimes must be actively managed. 

51. Some ways that reference pictures were managed was to allow storage 

of multiple reference pictures in the DPB, to allow storage of long-term reference 

pictures in the DPB and the reordering of reference pictures. E.g., EX1013, 173-

174 (§U.4.5). The storage of multiple reference pictures allows the encoder to 

choose a reference picture from amongst multiple candidates when encoding the 

current picture in the video sequence. Reordering reference pictures allows the 

encoder to use the lowest number for a reference picture index value to identify the 

most-used reference frame in a section of a picture. Since lower-numbered 
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reference picture index values require fewer bits of data to encode than higher-

numbered values, this reduces the total number of bits required to encode a picture. 

52. After a picture is decoded, the picture can be stored in the DPB for 

use as a reference picture in predicting and decoding1 subsequent pictures in the 

video sequence. At some point during decoding, a decoder will “run out” of 

memory locations at which to store reference pictures. At this point, the decoder 

can discard one or more reference pictures, which are no longer available for use in 

subsequent motion-compensated prediction. According to one simple approach to 

buffer management, the decoder uses a “sliding window” to keep up to M 

reference pictures. For example, the H.263 standard describes “a ‘Sliding Window’ 

over time” approach. See EX1008, 2-3. “In such a buffering scheme using M 

picture memories PM0…PMM–1, the most recent preceding (up to M) decoded and 

reconstructed pictures are stored in the picture memories and can be used as 

references for decoding.” Id., 3. When the current (just decoded) picture is added 

to the buffer, the oldest reference picture is discarded according to the sliding 

window.  

53. According to another approach to buffer management, an encoder 

signals information in encoded data, which the decoder receives and uses to update 

 
1 As discussed above, both the encoder and decoder have a DPB, and the details 
laid out here apply to both DPBs. 
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which reference pictures are stored for use in subsequent motion-compensated 

prediction. For example, the H.263 standard also describes an “‘Adaptive Memory 

Control’ type of operation” that “can be used for a more flexible and specific 

control of the picture memories.” EX1008, 3. For the Adaptive Memory Control 

approach, the encoder signals memory management control operation (“MMCO”) 

values in the encoded data for a current picture. EX1008, 11-14 (§§U.3.1.5.6 – 

U.3.1.5.9), 22 (§U.4.1). The MMCO values, and rules for the decoder to react to 

the MMCO values, indicate which reference pictures the decoder should retain 

after decoding the current picture and whether the respective reference pictures are 

“short-term” or “long-term” reference pictures. Id. Storing a long-term reference 

picture allows retention of a reference picture that is especially useful for 

prediction, such as in resynchronizing the encoder and decoder’s respective DPBs 

when transmitted data packets are lost in transmission. 

54. MMCO values in the Adaptive Memory Control approach of the 

H.263 standard use what the ’618 patent describes as “relative” references – 

references that are interpreted relative to correctly decoded previous pictures. See, 

e.g., EX1001, 1:48-52, 2:5-9, 9:15-18, 20:29-35. Alternatively, a reference picture 

can be identified with what the ’618 patent describes as an “absolute reference” – 

independent of correct decoding of previous pictures. See, e.g., EX1001, 4:39-48, 

6:41-48, 7:42-46. Such “absolute” references were used in some prior approaches. 
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For example, in the February 1998 version of the H.263 standard, Annex N 

describes identifying a reference picture using an absolute reference with a 

“Temporal Reference for Prediction (TRP)” syntax element. EX1011, 99 

(§N.4.1.4). That version of H.263 describes that “[w]hen present (as indicated in 

TRPI), TRP indicates the Temporal Reference which is used for prediction of the 

encoding,” where the Temporal Reference is an 8-bit identifier of each picture 

(whether used for reference or not). EX1011, 99 (§N.4.1.4); see also id., 23 

(§5.1.2), 99 (§N.4.1.2). 

55. Features of Annex U of the H.263 standard were adopted in the 

H.264/AVC standard, as described below, subject to further refinements and 

modifications in the H.264/AVC standard. 

A. Video Coding Standards 

56. Two international bodies are responsible for audiovisual standards – 

the ITU-T and ISO/IEC. For almost three decades, these bodies have collaborated 

to develop generations of standards, most frequently publishing identical texts 

under their own standardization programs.  

1. Advanced Video Coding (H.264/AVC) 

57. The ’618 patent describes the H.264/AVC standard as the state of the 

art at the time of the ’618 patent’s filing. EX1001, 1:31-35. H.264/AVC was first 

published in May 2003, and it remains in common use today. From 2003 to the 
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present, subsequent versions of the H.264/AVC standard have made minor 

corrections and also added features for extensions. EX1005, 2. The H.264/AVC 

standard defines syntax and semantics of encoded data in a bitstream for video 

(EX1005, 34-104 (§7)) as well as certain decoding processes (EX1005, 104-212 

(§8)). Although it does not specify implementation details, the H.264/AVC 

standard sets “interoperability points” for decoding in varied operational 

environments. EX1005, 285; see also id., 285-300 (Annex A). In an 

implementation of encoding or decoding for a specific operational environment, an 

encoder or decoder can use specific tools defined in the H.264/AVC standard in 

various ways, while remaining conformant with the H.264/AVC standard. See 

EX1006, xvi (§0.5). 

58. In general, in H.264/AVC each picture has a frame number 

(frame_num) indicating its position in decoding order and a picture order count 

(pic_order_cnt) indicating its position in display order. EX1005, 79-85 (§7.4.3). 

Each picture is further subdivided into macroblocks and slices, to efficiently 

encode the various pieces of the picture. EX1005, 23-24 (§6.3). 

59. As with its predecessor standards, the H.264/AVC standard uses inter-

picture prediction to encode video, among other prediction techniques. To do this, 
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the encoded data for a current picture2 in the H.264/AVC standard includes 

references to previously reconstructed pictures (reference pictures) that are used for 

the inter-picture prediction. The encoded data for the current picture can include 

information that specifies how to reorder the reference pictures for decoding of the 

current picture (or a slice of the current picture), so that the most commonly used 

reference picture can be addressed most efficiently, and so on, and to mark 

references pictures according to how they will be used in subsequent decoding. 

The syntax structure ref_pic_list_reordering(), which includes syntax elements for 

control of reference picture reordering, is present in a slice header for a picture, and 

the syntax structure dec_ref_pic_marking(), which includes syntax elements for 

control of reference picture marking, may also be present in the slice header for the 

picture. The pertinent syntax and semantics for control of reference picture 

reordering are shown here: 

 

 
2 Because the early generations of standards included coding of interlaced fields, 

the term “picture” was used to collectively refer to frames and fields.  
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EX1005, 46 (excerpts). 

  

EX1005, 47. 

 

EX1005, 85. 
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EX1005, 85. 

 

EX1005, 85. 

 

EX1005, 86. 

60. At the beginning of decoding a slice that has been encoded using 

inter-picture prediction (such as a P slice or a B slice), a decoder performs 

operations to derive a reference picture list, which is a list of reference pictures that 

may be used for inter-picture prediction when decoding the slice. EX1005, 11 

(§3.124), 112 (§8.2.4). The decoder derives an initial reference picture list based 
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on marking status and identifying information of reference pictures in a decoded 

picture buffer (“DPB”). EX1005, 112 (§8.2.4), 113-116 (§8.2.4.2). The decoder 

can then modify the initial reference picture list according to syntax elements in a 

ref_pic_list_reordering() syntax structure. EX1005, 112 (§8.2.4), 116-118 

(§8.2.4.3). 

61. A reference picture list in H.264/AVC has indices, which are 

organized from a lowest index (0) to a highest index, whose value depends on a 

syntax element (such as num_ref_idx_l0_active_minus1 or 

num_ref_idx_l1_active_minus1) in a picture parameter set. EX1005, 75 (§7.4.2.2; 

num_ref_idx_l0_active_minus1, num_ref_idx_l1_active_minus1), 113 (§8.2.4.2). 

When the decoder derives an initial reference picture list, reference pictures in the 

DPB are ordered in the initial reference picture list according to rules. EX1005, 

113-116 (§8.2.4.2). If the DPB has more reference pictures than can fit in the 

reference picture list, “the extra entries past position 

num_ref_idx_l0_active_minus1 or num_ref_idx_l1_active_minus1 are discarded 

from the initial reference picture list.” EX1005, 113. On the other hand, if the 

reference picture list has more indices than the number of reference pictures in the 

DPB, “the remaining entries in the initial reference picture list are set equal to ‘no 

reference picture’.” EX1005, 114. 
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62. The operations performed to derive the initial reference picture list 

vary depending on the type of slice being decoded (e.g., P slice or B slice) and 

picture organization (e.g., frame or field). EX1005, 113-116 (§8.2.4.2). For 

example, when decoding a P slice of a frame, the reference pictures in an initial 

reference picture list are ordered so that short-term reference frames have lower 

indices than long-term reference frames. EX1005, 114 (§8.2.4.2.1). More 

specifically, short-term reference frames are ordered starting with the reference 

frame having the highest PicNum value (in general, the most recent reference 

frame) at index 0, and putting reference frames with lower PicNum values, in 

descending order, in successive indices of the initial reference picture list. Id. 

Then, long-term reference frames are ordered starting with the lowest 

LongTermPicNum value and proceeding through reference frames having higher 

values of LongTermPicNum, in ascending order, in successive indices of the initial 

reference picture list. Id. In the following example, a reference picture list 

RefPicList0 for a P slice includes 5 positions, which are organized by indices 0 to 

4.  
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Id. 

63. When the decoder modifies the initial reference picture list according 

to syntax elements in a ref_pic_list_reordering() syntax structure, the decoder can 

reorder reference pictures in the reference picture list, add one or more reference 

pictures to the reference picture list, and/or remove one or more reference pictures 

from the reference picture list. EX1005, 112 (§8.2.4), 116-118 (§8.2.4.3). During 

decoding, a reference picture used for inter-picture prediction of the content of a 

macroblock or sub-macroblock portion is identified with a syntax element that 

specifies an index in a reference picture list. EX1005, 97 (§7.4.5.1; ref_idx_l0 and 

ref_idx_l1), 100 (§7.4.5.3; ref_idx_l0 and ref_idx_l1). During encoding, the value 

of a reference picture index is entropy coded as a truncated Exp-Golomb-coded 

syntax element (te(v)) or as a context-adaptive arithmetic entropy-coded syntax 

element (ae(v)). EX1005, 38-39 (§7.2; ae(v) and (te(v)), 52 (§7.3.5.2). By adding a 

reference picture that is not in an initial reference picture list, the added reference 

picture can be used during decoding of the slice. Conversely, by removing (from 

the initial reference picture list) a reference picture that is not to be used during 

decoding, the reference picture index values of remaining reference pictures can be 

lowered in the reference picture list (to save bits on reference picture index values), 

or space can be freed up for an additional reference picture to be used during 

decoding of the slice.  
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64. In the ref_pic_list_reordering() syntax structure, the syntax provides a 

“do-while” loop in which the syntax element reordering_of_pic_nums_idc controls 

the number of times the syntax elements within the do-while loop are present for a 

reference picture list. EX1005, 47 (§7.3.3.1), 85-86 (§7.4.3.1), 116-118 (§8.2.4.3). 

Within the loop, the syntax structure can provide a syntax element for adjusting a 

short-term reference picture at an index of a reference picture list or a syntax 

element specifying a long-term reference picture at an index of a reference picture 

list. Id. If the value of the reordering_of_pic_nums_idc syntax element is 0 or 1, 

the syntax structure includes an abs_diff_pic_num_minus1 syntax element, which 

specifies a short-term reference picture at an index of the reference picture list. Id. 

If the value of the reordering_of_pic_nums_idc syntax element is 2, the syntax 

structure includes a long_term_pic_num syntax element, which specifies a long-

term reference picture at an index of the reference picture list. Id. Finally, if the 

value of the reordering_of_pic_nums_idc syntax element is 3 (“End loop”), the 

syntax structure includes no additional syntax elements for modifying the reference 

picture list. Id. 

65. During decoding, a variable (such as refIdxL0) tracks a current index 

in a reference picture list, starting at index 0. EX1005, 116-118 (§8.2.4.3). 

Successive occurrences of reordering_of_pic_nums_idc are “processed in the order 

they occur in the bitstream.” EX1005, 116.  
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66. If the value of the reordering_of_pic_nums_idc syntax element is 0 or 

1, (a) the value of (abs_diff_pic_num_minus1 + 1) is subtracted from or added to a 

prediction value, (b) the short-term reference picture having the resulting picture 

number (picNumLX, after some additional condition checks and adjustments) is 

placed at the current index, (c) positions are shifted for any remaining reference 

pictures later in the reference picture list, and (d) the variable that tracks the current 

index in the reference picture list is incremented. EX1005, 117-118 (§8.2.4.3.1). 

For the first occurrence of reordering_of_pic_nums_idc equal to 0 or 1 in the 

syntax structure, the prediction value is the frame number of the current frame. 

EX1005, 82 (§7.4.3; CurrPicNum), 117-118 (§8.2.4.3.1). For a subsequent 

occurrence of reordering_of_pic_nums_idc equal to 0 or 1 in the syntax structure, 

the prediction value is the previous picture number in the reference picture list. Id. 

67. If the value of the reordering_of_pic_nums_idc syntax element is 2, 

(a) the long-term reference picture having the picture number long_term_pic_num 

is placed at the current index, (b) positions are shifted for any remaining reference 

pictures later in the reference picture list, and (c) the variable that tracks the current 

index in the reference picture list is incremented. EX1005, 118 (§8.2.4.3.2). 

68. Thus, the variable that tracks the current index in the reference picture 

list is incremented as the decoder proceeds through operations for successive 

indices of the reference picture list. EX1005, 116-118 (§8.2.4.3). If the value of the 
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reordering_of_pic_nums_idc syntax element is 3, the decoder finishes the 

modification process for the reference picture list. 

69. When a reference picture list is modified according to syntax elements 

in a ref_pic_list_reordering() syntax structure, the reference picture at an index of 

the reference picture list can change or remain the same. See EX1005, 47 

(§7.3.3.1), 85-86 (§7.4.3.1), 116-118 (§8.2.4.3). Examples of how the picture list 

can change or remain the same using the appropriate combination of syntax 

elements reordering_of_pic_nums_idc, abs_diff_pic_num_minus1, and 

long_term_pic_num syntax are given below in Section IX.D. 

70. During decoding, reference pictures in a DPB can be marked 

according to a “sliding window” marking process or adaptive marking process. 

EX1005, 118-119 (§8.2.5). For the adaptive marking process, the encoded data for 

the current slice can include information that specifies how to mark reference 

pictures to indicate the reference pictures may be used in subsequent decoding, 

including MMCO commands that indicate which pictures should be saved in the 

DPB for later use as reference pictures when decoding one or more subsequent 

pictures or that indicate which pictures may be removed from the DPB, after 

output, by marking them as “unused for reference.” EX1005, 86-89 (§7.4.3.3), 

120-122 (§8.2.5.4). The MMCO commands affect which reference pictures are 

retained in the DPB and how the reference pictures may be used as “short-term” 
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reference pictures or “long-term” reference pictures. Id. Because of the timing of 

processing these MMCO commands, encoded data for a current picture can include 

MMCO commands that indicate which pictures should be saved in the DPB for use 

in decoding subsequent pictures. See EX1005, 120-122 (§8.2.5.4). From the 

perspective of decoding the current picture, encoded data for previous pictures can 

include MMCO commands that indicate which pictures should be saved in the 

DPB for use in decoding the current picture. Id. The syntax structure 

dec_ref_pic_marking(), which includes syntax elements to control reference 

picture marking, may be present in a slice header for a picture. Id. The pertinent 

syntax and semantics for control of reference picture marking are shown here:  



Patent 10,708,618 

Page 39 

 

EX1005, 49. 

 

EX1005, 86. 
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EX1005, 87. 

 

EX1005, 87. 
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EX1005, 88. 

71. In the dec_ref_pic_marking() syntax structure, the syntax provides a 

do-while loop in which values of the memory_management_control_operation 

syntax element control the number of times the syntax elements within the do-

while loop are present for the syntax structure. EX1005, 49 (§7.3.3.3), 86-88 

(§7.4.3.3). If the value of memory_management_control_operation is 1, the syntax 

structure includes a syntax element that specifies a short-term reference picture to 

mark as “unused for reference.” Id. If the value of 

memory_management_control_operation is 2, the syntax structure includes a 

syntax element that specifies a long-term reference picture to mark as “unused for 

reference.” Id. If the value of memory_management_control_operation is 3, the 
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syntax structure includes syntax elements that specify a short-term reference 

picture to mark as a long-term reference picture having an indicated long-term 

frame index. Id. If the value of memory_management_control_operation is 4, the 

syntax structure includes a syntax element that specifies a long-term frame index 

above which any long-term reference picture is marked as “unused for reference.” 

Id. If the value of memory_management_control_operation is 5, all reference 

pictures are marked as “unused for reference.” Id. If the value of 

memory_management_control_operation is 6, the syntax structure includes a 

syntax element that indicates a long-term frame index for the current picture, 

which is marked as a long-term reference picture. Id. Finally, if the value of 

memory_management_control_operation is 0, the syntax structure includes no 

additional syntax elements for marking. Id. 

72. For the adaptive marking process, MMCO commands in a 

dec_ref_pic_marking() syntax structure are “processed in the order they occur in 

the bitstream after the current picture has been decoded.” EX1005, 120. An 

MMCO command can provide for marking a short-term reference picture or long-

term reference picture as “unused for reference” (MMCO command 1 or 2, 

respectively), changing a short-term reference picture to a long-term reference 

pictures (MMCO command 3), marking certain long-term reference pictures or all 

reference pictures as “unused for reference” (MMCO command 4 or 5, 
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respectively), or marking the current picture as a long-term reference picture 

(MMCO command 6). EX1005, 49 (§7.3.3.3), 87-89 (§7.4.3.3), 120-122 

(§8.2.5.4). If the value of the MMCO command is 0, the decoder finishes the 

adaptive marking process performed after decoding the current picture. 

73. The DPB stores decoded picture for use as reference pictures, for 

output reordering, or for output delay. EX1005, 7 (§3.40). In general, a picture is 

removed from the DPB at the latter of the time of its output and the time the 

reference picture is marked as “unused for reference.” EX1005, 298 (§C.2.3). 

Before the decoded current picture is (possibly) stored in the DPB, the decoder 

removes certain reference pictures from the DPB. Id. A reference picture that has 

already been output will be removed from the DPB when the reference picture is 

marked as “unused for reference.” Id. On the other hand, a reference picture that 

remains to be output will not be removed from the DPB when the reference picture 

is marked as “unused for reference” but instead will remain in the DPB until after 

the reference picture has been output. Id. 

 

EX1005, 298. 



Patent 10,708,618 

Page 44 

74. When H.264/AVC was first drafted, as a general rule, the standard did 

not specify operations that a decoder must perform for error correction or recovery. 

However, occasionally encoded data for a given picture is lost, including reference 

picture information (such as MMCO commands) that indicates how to store 

reference pictures in the DPB for decoding of subsequent pictures. E.g., EX1001, 

2:56-3:6. If the reference picture information indicating how to store reference 

pictures for a certain subsequent picture is lost, the state of the DPB may be 

incorrect when decoding the subsequent picture and inter prediction may result in 

incorrect decoding of the subsequent picture. Id. 

75. This shortcoming in H.264/AVC had been recognized for years prior 

to the filing of the ’618 patent, when later versions of the standard were being 

developed to include applications involving error resilience and scalable video 

coding. For example, the Mulroy reference, which was filed in 2007, recognized 

that “[i]f the decoder loses a set of MMCO commands, there will be mismatch 

between the contents of the encoder and decoder buffers” and proposes a number 

of strategies to mitigate that weakness. EX1004, ¶27. In particular, Mulroy 

describes using a feature of H.264/AVC—reference picture list reordering 

information—to reiterate which reference pictures should be present in a decoder 

buffer (not just to indicate how to reorder reference pictures). Id. Thus, in order to 

mitigate this recognized weakness in H.264/AVC, Mulroy describes using 



Patent 10,708,618 

Page 45 

reference picture list reordering information from H.264/AVC for a new purpose, 

one not described in the H.264/AVC standard. 

2. High Efficiency Video Coding (H.265/HEVC) 

76. The H.265/HEVC standard was developed to improve compression 

efficiency over the H.264/AVC codec and, especially, to improve its ability to 

handle high-resolution images. EX1014, 1. H.265/HEVC was first published in 

2013. EX1014, (a), i. 

77. H.265/HEVC expands on many of the same approaches that were 

used in the H.264/AVC standard. For example, it uses intra prediction, but allows 

for more modes of prediction in different directions. E.g., EX1014, 2, 102. It also 

uses inter prediction from reference pictures but uses a different approach than 

H.264/AVC to manage those references pictures. E.g., id., 2, 9. 

78. In H.265/HEVC the encoded data does not include MMCO 

commands. Instead, H.265/HEVC specifies a reference picture set and reference 

picture lists that are determined based on that reference picture set. EX1014, 95-99 

(§8.3.2) (describing process for reference picture set and picture marking, and five 

reference picture set lists). This makes it more robust to loss of the encoded data 

for any given picture. 
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VII. THE ’618 PATENT 

79. The ’618 patent issued on July 7, 2020, from U.S. Patent Application 

No. 16/440,274 (the “’274 application”), filed on June 13, 2019, which is a 

continuation of U.S. Patent Application No. 16/048,556, filed on July 30, 2018, 

now U.S. Patent No. 10,368,088, which is a continuation of U.S. Patent 

Application No. 15/718,374, filed on September 28, 2017, now U.S. Patent No. 

10,063,882, which is a continuation of U.S. Patent Application No. 15/299,997, 

filed on October 21, 2016, now U.S. Patent No. 9,807,418, which is a continuation 

of U.S. Patent Application No. 13/508,442, now Patent No. 9,706,223, which is a 

national stage application of P.C.T. International Application No. 

PCT/SE2012/050439, filed on April 26, 2012, which claims the benefit of U.S. 

Provisional Application No. 61/503,019, filed on June 30, 2011. EX1001, Cover, 

1:6-20. 

A. The ’618 Patent’s Specification 

80. The ’618 patent describes a method of decoding encoded videos using 

an “absolute” approach to signaling reference picture information for a current 

picture. In the approach described, the encoded data for a current picture includes 

information that indicates reference pictures available in the DPB for decoding of 

the current picture, as opposed to a “relative” approach of managing the DPB 
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based on information in encoded data for one or more previous pictures. EX1001, 

4:39-54. 

81. The ’618 patent describes that its “general objective” is to “provide an 

efficient reference picture signaling and buffer management in connection with 

video encoding and decoding.” EX1001, 3:20-22.  

82. According to the ’618 patent, it is necessary to modify the buffer 

management approach from the H.264/AVC standard because the MMCO 

structures in encoded data for a previous picture (according to H.264/AVC) risked 

the loss of information indicating which reference pictures to retain for decoding of 

a current picture and how those reference pictures should be identified, even when 

encoded data for the current picture is received. See, e.g., EX1001, 6:1-4 (“The 

prior art techniques may suffer from problems with regard to using incorrect 

reference pictures when a picture carrying MMCO information is unintentionally 

lost…”). Some specific issues identified in the ’618 patent’s specification are that 

“if a picture containing MMCO of type 2, 3, 4, 5 or 6 is lost there is a risk that the 

number of long term pictures in the DPB is different from what it would have been 

if the picture was received, resulting in an ‘incorrect’ sliding window process for 

all the following pictures.” EX1001, 2:56-60. This creates differences in the “state” 

of the DPB at the encoder and decoder, which is problematic, for example, because 

“the encoder and decoder will contain a different number of short-term pictures 



Patent 10,708,618 

Page 48 

resulting in out-of-sync behavior of the sliding window process.” EX1001, 2:60-

63. “Thus, the prior art solution has a problem that correct reference picture 

management is dependant [sic] on that previously decoded pictures have been 

correctly received and decoded.” EX1001, 6:34-37. 

83. As discussed in Section VI.A.1 above and further discussed in Section 

IX.A below, these criticisms of the H.264/AVC MMCO and sliding window 

processes for reference picture marking were not new in the art but had been the 

subject of discussion between POSITAs since at least 2007.  

84. To address these alleged deficiencies, the ’618 patent describes using 

absolute signaling of information in the encoded data for a current picture about 

which reference pictures to use for decoding of the current picture, i.e., numbers 

that indicate the exact identifiers of the reference pictures used to decode the 

current picture. The specification attempts to draw a “clear contrast to the prior art 

solutions in which correct reference picture management is dependent on that 

previously encoded pictures have been correctly received and decoded” (EX1001, 

4:39-42), where the “previously encoded pictures” include the buffer description 

information indicating reference pictures used to decode the current picture. 

Instead, the approaches in the ’618 patent use signaling of the “buffer description 

information that is used for reference pictures in an absolute and explicit way 

instead of a relative or implicit way.” EX1001, 4:42-44. By doing that “the 
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encoded representation of a picture contains the information about which reference 

pictures to use for reference during decoding independent of the encoded 

representations of previous pictures in the video stream.” EX1001, 4:45-48. 

85. The benefit of this approach is alleged to be that by using “absolute” 

signaling of information about reference pictures to be used for the current picture 

(in the encoded representation of the current picture), the decoder only need rely 

on the information included in the current picture itself, instead of requiring that 

the information in the previous pictures also be received and decoded. See 

EX1001, 6:38-56 (“the encoded representation, i.e. the bitstream, for a current 

picture contains the information about what pictures to use for reference, i.e. 

reference pictures, independent of the encoded representations of previous pictures. 

It can therefore be said that the logical responsibility for maintaining correct 

decoded picture buffer is moved from the decoder to the bitstream.”). 

86. The ’618 patent also suggests that to reduce the number of bits needed 

to encode the absolute identifiers of reference pictures, “signal[ing] the reference 

picture properties, i.e. picture identifiers, relative to the value of these properties as 

signaled for the current picture.” EX1001, 9:34-36. “For instance, if the current 

picture has a picture identifier 7 the list of reference pictures with identifiers 3, 5 

and 6 could be defined as −1, −2, and −4, which typically can be represented by 

fewer bits as compared to 3, 5 and 6, in particular if variable length coding is 
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employed for the picture identifiers.” EX1001, 9:32-42. (The value –4 indicates the 

reference picture with identifier 3 since 7 – 4 = 3, and so on.) In the terminology of 

the ’618 patent, using a differential value to identify a reference picture relative to 

the picture identifier of the current picture is still “absolute” signaling, since the 

differential value and picture identifier of the current picture are part of the 

encoded data for the current picture. According to the ’618 patent, a picture 

identifier can be a Picture Order Count (“POC”) value, frame number, or POC 

value and additional identifier. EX1001, 7:54-56 (“Examples of such picture 

identifiers include Picture Order Count (POC), frame number (frame_num) or POC 

and an additional identifier (additional_picture_id).”).  

87. As discussed below, however, solutions to the issues identified in 

the ’618 patent were addressed by the technology disclosed in the Mulroy 

reference that predates the ’618 patent’s earliest priority date by more than two 

years. 

B. The Challenged Claims 

88. Challenged claim 1 is representative and listed here, with element 

numbering added in the lefthand column: 

[1.1] A method of decoding an encoded representation of a picture in a video 
stream of multiple pictures, the method comprising: 

[1.2] retrieving, from the encoded representation of the picture, buffer 
description information defining a plurality of reference pictures; 

[1.3] determining, based on the buffer description information, a reference 
picture identifier that identifies a respective reference picture among the 
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plurality of reference pictures, the respective reference picture comprising 
a decoding reference for the picture, wherein determining the reference 
picture identifier comprises: 

[1.4] (i) retrieving, based on the buffer description information, a delta 
identifier comprising a difference between the reference picture identifier 
and a picture identifier identifying the picture; and 

[1.5] (ii) calculating the reference picture identifier based on the picture 
identifier and the delta identifier; and 

[1.6] updating a decoded picture buffer based on the reference picture identifier. 

The other independent claims recite similar limitations, and the dependent claims 

add additional details about handling the reference pictures, such how to handle 

missing reference pictures. 

C. The Relevant Prosecution History 
Of The ’618 Patent And Its Family Members 

89. The ’618 patent claims priority to U.S. Patent Application No. 

16/048,556, filed on Jul. 30, 2018, now U.S. Pat. No. 10,368,088; which is a 

continuation of U.S. Pat. Application No. 15/718,374, filed on Sep. 28, 2017, now 

U.S. Pat. No. 10,063,882; which is a continuation of U.S. Pat. Application No. 

15/299,997, filed on Oct. 21, 2016, now U.S. Pat. No. 9,807,418; which is a 

continuation of U.S. Pat. Application No. 13/508,442, filed on Apr. 25, 2013, now 

U.S. Pat. No. 9,706,223; which is a national stage application of P.C.T. 

International Application No. PCT/SE2012/050439, filed on Apr. 26, 2012, which 

claims the benefit of U.S. Provisional Application No. 61/503,019, filed Jun. 30, 

2011. EX1001, Cover, 1:6-20. 



Patent 10,708,618 

Page 52 

90. The claims in the ’618 patent’s ancestor applications are similar to the 

claims of the ’618 patent. In particular, U.S. Pat. App. No. 15/299,997 (the “’997 

application”) contained a claim that was amended in an April 24, 2017, response to 

a Non-final Rejection to claim elements such as a retrieving buffer description 

information and determining a reference picture identifier based on the buffer 

description information and a delta identifier. The Examiner rejected the original 

form of that claim as obvious over Borgwardt et al. (“Multi-Picture Buffer 

Semantics for Interlace,” JVT-C049, May 10, 2002) in view of two other patent 

publications (U.S. Publication No. 2010/0208828 to Lu et al. and U.S. Publication 

No. 2010/0238822 to Koyabu et al.). EX1009, 309. 

91. In response to that rejection, the Applicant amended the claim as 

indicated below and argued that the amended claim was distinct from Borgwardt, 

because “”[e]mbodiments represented by Claim 1 avoid this problem by including, 

within the encoded picture itself, buffer description information that identifies the 

reference picture(s) needed to decode the picture.” EX1009, 345. The Applicant 

further argued that “[i]n this way, each encoded picture may itself include 

sufficient information to identify the reference pictures needed for decoding the 

encoded picture.” Id. (emphasis omitted.) Other aspects that Applicant contended 

were not disclosed in the combination of references include buffer description 

information that defines a plurality of reference pictures and either a delta 
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identifier, a picture identifier, or a calculation of a reference picture identifier. Id., 

346-349. 

92. That claim as amended is reproduced below: 

1. A method of decoding an encoded representation of a 
picture in a video stream of multiple pictures, said 
method comprising: 

retrieving, using a decoder configured to decode 
said encoded representation of said picture, buffer 
description information defining at least one 
reference picture, wherein said buffer description 
information is retrieved from said encoded 
representation of said picture; 
determining, based on said buffer description 
information, at least one reference picture 
identifier, said at least one reference picture 
identifier identifying a respective reference picture 
among said at least one reference picture, said 
respective reference picture comprising as a 
decoding reference for said picture, wherein 
determining said at least one reference picture 
identifier comprises: 

(i) retrieving, based on said buffer 
description information, a respective delta 
identifier; and 
(ii) calculating said at least one reference 
picture identifier based on a picture 
identifier identifying said picture and said 
respective delta identifier; and 

updating a decoded picture buffer based on said at 
least one reference picture identifier. 

 
EX1009, 335-336.  

93. During prosecution of the ’618 patent, the same Examiner rejected 

claims for non-statutory double patenting over claims of the ancestor patents, 
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including U.S. Patent No. 9,807,418 which issued from the ’997 application, 

noting that the claims are not patentably distinct from each other because the 

claims “perform the same function” despite the use of “different terminology” in 

the claims. EX1002, 100. In the same Office action, the Examiner rejected claims 

1-3 as obvious over Borgwardt and Lu, similar to the rejection of the claims in 

the ’997 application. EX1002, 104-105.  

94. In response, the Applicant repeated the arguments against Borgwardt 

and Lu used during prosecution of the ’997 application, namely that Borgwardt and 

Lu do not disclose or suggest values that “define buffer description information 

that define a plurality of reference pictures,” “a delta identifier … identifying the 

picture, a picture identifier identifying a picture, or calculation of a reference 

picture identifier.” EX1002, 134-137. Notably, while the Applicant argued that 

MMCO commands in Borgwardt do not disclose those elements, Applicant did not 

argue that the claimed method must not use any MMCO commands. Id. The 

Examiner then allowed the claims. Id., 147-148. 

VIII. CLAIM CONSTRUCTION 

95. I understand that, in an IPR, claim terms should be given the ordinary 

meaning that the terms would have to a POSITA on the earliest effective filing date, 

in view of the specification and file history. 
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96. The terms “frame” and “picture” are used interchangeably in the ’618 

patent’s specification. EX1001, 5:45-47 (“The present embodiments generally 

relate to encoding and decoding of pictures, also referred to as frames in the art, of 

a video stream.” No claim uses the term “frame,” but I note that, since the ’618 

patent’s specification uses the terms “frame” and “picture” interchangeably 

(EX1001, 5:45-47), a POSITA would have read the specification with that usage in 

mind. 

IX. GROUND 1: CLAIMS 1-7 ARE  
OBVIOUS OVER MULROY IN VIEW OF H.264/AVC 

97. As explained below, claims 1-7 are obvious over Mulroy in view of 

H.264/AVC. 

A. Mulroy (U.S. 2009/0052531; EX1004) 

98. Mulroy is a U.S. patent application publication that was published 

February 26, 2009, and is thus prior art under at least Sections 102(a-b). EX1004, 

Cover. Mulroy is analogous art to the ’618 patent because they are both within the 

same field of endeavor of video coding. EX1001, 1:24-27; EX1004, ¶1. 

99. Mulroy discloses methods to improve encoding and decoding video 

streams in an H.264 codec system. The H.264 codec system in Mulroy implements 

features of the H.264/AVC standard (EX1004, ¶¶8-10), but Mulroy does not 

expressly include all details of the H.264/AVC standard. Also, Mulroy explicitly 

adds to the H.264 codec system elements that the alleged inventors of the ’618 
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patent claim to have invented. In particular, Mulroy, in view of H.264/AVC, 

discloses each of the elements that the Applicant argued distinguished its claims 

from the prior art, including buffer description information that defines a plurality 

of reference pictures and a delta identifier, a picture identifier, and calculation of a 

reference picture identifier. 

100. Figure 4 of Mulroy, reproduced below, shows operations of a decoder 

system at a remote receiver. The receiver receives (at 200) a network abstraction 

layer unit (“NALU”) that includes encoded data for a slice of a current frame. 

EX1004, ¶30. (According to the H.264/AVC standard, a picture is organized as 

multiple slices, and encoded data for a slice is received as a NALU. EX1005, 23-

24 (§6.3), 58-61 (§7.4.1).)  
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EX1004, FIG. 4. The receiver checks that certain conditions have been satisfied, 

such as the NALU being timely received (at 201) in a packet with an expected 

packet number (at 203). EX1004, ¶30. If so, “[a]t 207, the decoder checks whether 

the current slice is for the same frame as the preceding slice.” Id. If the current 

slice and preceding slice are for the same frame (that is, the current slice is not the 

first slice to be decoded for the current frame), the current slice is decoded (at 215) 

as a non-first slice of the current frame. EX1004, ¶32.  
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101. Otherwise, the current slice is the first slice to be decoded for the 

current frame. After checking various conditions and performing operations (at 

208-214), the current slice is decoded (at 215) as the first slice of the current frame. 

EX1004, ¶32. With respect to the conditions and operations (at 208-214), “it is also 

checked (208) whether the preceding frame has been fully decoded.” EX1004, ¶30. 

If the preceding frame was not fully decoded, the decoder performs operations to 

generate substitute content for the preceding frame (at 209) and insert the 

concealed frame in the DPB (at 210-212). Id. The decoder also checks (at 213) 

whether the current frame immediately follows the preceding frame. EX1004, ¶31. 

If not (“i.e., there are one or more whole frames missing”), to conceal the loss of 

the missing frame(s), the decoder generates substitute frame(s) for display. Id.  

102. When decoding the encoded data for the current slice of the current 

frame (at 215), the decoder can use one or more reference pictures in the DPB of 

the decoder, which are managed as explained below. If the decoder has encoded 

data for the current slice but a reference picture used to decode the current slice is 

“absent from the buffer,” the decoder can use an “alternative frame that is present 

in the decoder.” EX1004, ¶33. Also, if errors are present in the current slice, the 

decoder may use “concealment techniques” to alleviate the errors. EX1004, ¶32. 

After the current frame is decoded, the decoder inserts the current frame in the 

DPB (at 217-219). 
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103. Mulroy teaches managing the reference pictures in the DPB of the 

decoder before, during, and after decoding a current picture to maintain the proper 

reference pictures in the buffer. EX1004, ¶¶30-32, FIG. 4. According to Mulroy, 

the reference pictures of the DPB of the decoder can be managed using MMCO 

commands (see EX1004, ¶26) as well as “‘reference picture list reordering’ 

commands defined by H.264” (see EX1004, ¶¶27-29). Mulroy teaches using 

existing H.264 coding tools, such as the encoded data for the current picture 

combined with the reference picture identifiers used for decoding the current 

picture, to define a plurality of reference pictures. EX1004, ¶¶21-22, 27. This 

method avoids sole reliance on potentially lost MMCO commands from previous 

pictures. Id. Mulroy makes use of H.264/AVC tools, such as the use of MMCO 

commands to delete pictures from the decoder’s reference buffer that the encoder 

has deleted (EX1004, ¶25), and Mulroy makes use of “sets” of MMCO messages, 

i.e., buffer description information (EX1004, ¶26). But Mulroy does not stop there. 

For its additions to the H.264 codec system, Mulroy indicates “every slice contains 

a message informing the decoder as to exactly which frames should be in the 

decoder buffer at that time.” EX1004, ¶27. Mulroy also states that “[o]ne way of 

doing this is to make use of the ‘reference picture list reordering’ commands 

defined by H.264.” Id. Mulroy reiterates:  

The way we do this is for the encoder to insert remapping 
instructions in every slice (NAL unit) that reference all 
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frames in its buffer (there is not necessarily any changing 
of the default order), and for the decoder to use these to 
determine which frame to remove from its buffer when it 
otherwise does not have the required knowledge. 

 
EX1004, ¶28. 

104. Thus, during decoding of a current picture, the decoder in Mulroy 

uses the “remapping instructions” in the encoded data for the current picture to 

determine which frames should be in its buffer. EX1004, ¶27. The decoder can 

then delete a reference picture in its buffer that is not supposed to be in its buffer – 

“determine which frame to remove from its buffer.” EX1004, ¶28. As noted above, 

the decoder can also determine that a reference picture is missing from its buffer 

and instead use an alternative reference picture:  

It can occur that a frame is received without errors but cannot be 
decoded correctly because its reference frame is absent from the 
buffer. This can be dealt with by decoding the NAL unit in box 215, 
using an alternative frame that is present in the decoder. 
 

EX1004, ¶33. 

B. H.264/AVC (EX1005) 

105. The H.264/AVC standard was the leading video codec standard at the 

time the patent application for Mulroy was filed, and the November 2007 version 

of the H.264/AVC standard, published as H.264/AVC (EX1005), was widely 

known at the time as a state-of-the-art video compression standard. EX1001, 1:31-

15. Earlier versions of the H.264/AVC standard were published in May 2003 and 
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March 2005. EX1005, 2. H.264/AVC was disseminated and made available on the 

ITU website (https://www.itu.int/rec/T-REC-H.264/en) before June 30, 2010. The 

posted editions of the H.264/AVC standard are accessible to the public, and can 

easily be found on the ITU-T website. Although I am not a member of the ITU, as 

an interested participant in the field, I was aware of the ITU standardization 

process (see ¶56 above) and where documents are available to the public on the 

ITU’s website. I used the published source code of H.264 prior to 2004 to do the 

research that led to a published paper. V. Thilak and C.D. Creusere, Tracking of 

extended size targets in H.264 compressed video using the probabilistic data 

association filter, Proceedings of the 12th European Signal Processing Conference, 

281-84 (September 2004; Vienna, Austria). From my recollection and personal 

knowledge, the final, approved version of the third edition was posted and made 

publicly available on the ITU-T website on or around May 29, 2008, as is indicated 

on the ITU-T website. Other persons interested and ordinarily skilled in the subject 

matter or art exercising reasonable diligence could also locate and access it, 

without restriction, at that time. H.264/AVC is thus prior art under at least Sections 

102(a-b). H.264/AVC is analogous art to the ’618 patent because they are both 

within the same field of endeavor of video coding. EX1001, 1:24-27; EX1005, i 

(Summary). 
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106. An H.264 codec system, as referenced in Mulroy and described in 

H.264/AVC, uses syntax elements in reference picture list reordering information 

to identify reference pictures. EX1005, 47, 85-86; EX1004, ¶27. As discussed 

earlier, the reference picture list reordering information is signaled as part of a 

ref_pic_list_reordering() syntax structure, which is signaled as part of a 

slice_header() syntax structure for a slice: 

 
… 

 
 
EX1005, 46 (§7.3.3) (excerpt) (highlighting added). The reference picture list 

reordering syntax (ref_pic_list_reordering()) signals an abs_diff_pic_num_minus1 

syntax element: 
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EX1005, 47 (§7.3.3.1) (highlighting added). In particular, the 

abs_diff_pic_num_minus1 syntax element (plus 1) indicates the difference 

between the picture number of a reference picture and a prediction value, which in 

some cases is the picture number (frame_num) of the current picture 

(CurrPicNum). EX1005, 79-85 (§7.4.3), 85-86 (§7.4.3.1), 117-118 (§8.2.4.3.1)).  
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EX1005, 82 (§7.4.3). 

 

EX1005, 86 (§7.4.3.1).  

 

EX1005, 117 (§8.2.4.3.1). In decoding, the value (abs_diff_pic_num_minus1 + 1) 

is combined with (added to or subtracted from) the prediction value 

picNumLXPred, which in some cases is the frame number of the current picture 
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(CurrPicNum). EX1005, 79-85 (§7.4.3), 117-118 (§8.2.4.3.1). “When the process 

specified in this subclause is invoked the first time for a slice (that is, for the first 

occurrence of reordering_of_pic_nums_idc equal to 0 or 1 in the 

ref_pic_list_reordering() syntax), picNumL0Pred and picNumL1Pred are initially 

set equal to CurrPicNum.” EX1005, 117 (§8.2.4.3.1). By signaling the picture 

number of a reference picture as a difference value compared to CurrPicNum, the 

number of bits used to signal the reference picture is typically reduced. Id. 

107. According to the H.264/AVC standard, a decoder should infer loss of 

a picture when an entry in reference picture list reordering information refers (by 

frame number) to a short-term reference picture that does not exist. EX1005, 120 

(§8.2.5.2).  

 

Id. For a non-existing picture, the decoder generates a picture having samples that 

“may be set to any value,” and marks the generated picture “as ‘non-existing’ and 

‘used for short-term reference.’” Id., 119 (§8.2.5.2). 
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Id. In some cases (when pic_order_cnt_type is not equal to 0), the decoder also 

generates picture order count values (TopFieldOrderCnt and 

BottomFieldOrderCnt) for the non-existing picture. Id., 120 (§8.2.5.2). 

 

Id., 120 (§8.2.5.2). 

108. Every time this syntax is used, the prediction value is the picture 

number (frame_num) of the current picture (CurrPicNum) for the first picture in 

the buffer. EX1005, 86 (“abs_diff_pic_num_minus1 plus 1 specifies the absolute 

difference between the picture number of the picture being moved to the current 

index in the list and the picture number prediction value.”), 80 (“frame_num is 

used as an identifier for pictures”), 82 (“CurrPicNum is set equal to frame_num”), 

79-85, 85-86 (describing reference picture list reordering semantics), 117-118 

(describing “[r]eordering process of reference picture lists for short-term reference 

pictures”). In decoding, the value (abs_diff_pic_num_minus1 + 1) is combined 

with (added to or subtracted from) the prediction value picNumLXPred. EX1005, 

80, 117-118. The first time the reordering syntax is invoked for a given slice, 

“picNumL0Pred and picNumL1Pred,” these prediction values, “are initially set 

equal to CurrPicNum.” EX1005, 117-118 (§8.2.4.3.1). After each step, the 
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prediction values for the next frame in the reference picture list is identified using 

the frame number of the previous frame in the list, plus or minus 

abs_diff_pic_num_minus1 + 1. Id. Thus, the frame numbers of each picture in the 

reference picture list are specified using only information in the current picture, not 

any prior information. 

C. Combining Mulroy And H.264/AVC 

109. A POSITA would have been motivated to combine the video coding 

methods of Mulroy with the teachings of H.264/AVC, and would have had a 

reasonable expectation of success in doing so, because Mulroy’s teachings are 

expressly designed to be used with the “architecture of a real-time multi-reference 

H.264 encoder and decoder.” EX1004, ¶8. FIG. 1 of Mulroy shows “a video 

transmission system incorporating apparatus according to embodiments of the 

invention,” and expressly depicts H.264 elements such as an H.264 encoder and 

H.264 decoder:  
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EX1004, FIG. 1 (annotated), ¶4; id., ¶¶9-13. Mulroy further describes the 

“[en]coder of FIG. 1” with regard to FIG. 2A and “the decoder of FIG. 1” with 

regard to FIG. 2B. EX1004, ¶¶5-6, 17-18.  

110. Mulroy describes its teachings as a “modified version” of the H.264 

encoder and decoder that “alleviate[s]” the scenario where “[i]f the decoder loses a 

set of MMCO commands, there will be a mismatch between the contents of the 

encoder and decoder buffers.” EX1004, ¶27. That is, Mulroy discloses the same 

problem and the same solution claimed in the ’618 patent, and relies on the 

H.264/AVC standard for certain aspects of the implementation. In some scenarios, 
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such as high packet-loss environments encountered in wireless transmissions, 

Mulroy’s approach could be preferable to the standard H.264. 

111. Given that H.264/AVC was the state-of-the-art version of the 

H.264/AVC standard at the time Mulroy was filed, a POSITA implementing 

Mulroy would have naturally turned to H.264/AVC for the relevant 

implementation details. H.264/AVC, in turn, discloses such implementation details 

as: the retrieval and use of a delta identifier to calculate a reference picture 

identifier, identifying reference pictures for subsequent pictures in the video 

stream, setting a picture order count of a non-existing picture, and marking non-

existing pictures as non-existing.  

112. Mulroy’s reliance on the structures and implementation of 

H.264/AVC is explicit. For example, Mulroy states that a way of compensating for 

the loss of MMCO commands in encoded data for a previous picture, which is a 

stated goal of the ’618 patent (EX1001, 6:34-37), would be “to make use of the 

‘reference picture list reordering’ commands defined by H.264” in “every 

slice…informing the decoder as to exactly which frames should be in the decoder 

buffer at that time.” EX1004, ¶27. By doing this, Mulroy-H.264/AVC can 

determine that a reference picture is missing from the decoder buffer and use an 

alternative reference picture instead of proceeding with a “mismatch between the 
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contents of the encoder and decoder buffers” (EX1004, ¶¶27, 33), which in some 

scenarios can be “severe to the decoding process” (EX1001, 2:43-45). 

113. Elsewhere, Mulroy describes that the decoder in its codec system 

should receive encoded data for a slice of a current picture in a NALU syntax 

structure of H.264/AVC, and some types of NALUs contain slice data for a current 

picture. EX1004, ¶¶28, 30. A POSITA would have particularly recognized that 

Mulroy’s descriptions of how to employ specific syntax structures from 

H.264/AVC (e.g., EX1004, ¶¶27-30) and to use specific types of syntax structures 

and syntax elements (e.g., EX1004, ¶¶26-28) to provide a roadmap for an 

implementation of Mulroy with H.264/AVC, “in which every slice contains a 

message informing the decoder as to exactly which frames should be in the 

decoder buffer at that time.” EX1004, ¶27. Furthermore, Mulroy explicitly notes 

that “[f]urther information can be found” in two IEEE articles about H.264/AVC 

and implementations thereof for network delivery of encoded data. EX1004, ¶¶80-

81 (citing EX1015, EX1016). A POSITA thus would have understood Mulroy as 

providing an explicit teaching, suggestion, and/or motivation to combine Mulroy 

with H.264/AVC. 

114. A POSITA thus would have been motivated to use the elements of 

H.264/AVC described above when implementing Mulroy and would have had a 

reasonable expectation of success in doing so, because of the express directions in 
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Mulroy to use the syntax structures and syntax elements of H.264/AVC. Mulroy 

specifically gives directions “to make use of the ‘reference picture list reordering’ 

commands defined by H.264,” which includes the ref_pic_list_reordering() syntax 

structure and abs_diff_pic_num_minus1 syntax element discussed in Section IX.B 

above. EX1004, ¶27. Examples of how a POSITA would implement the method of 

Mulroy using these syntax structures are laid out in Section IX.D below.  

115. So implemented, the “modified version” of H.264/AVC proposed by 

Mulroy, which encodes every slice with “a message informing the decoder as to 

exactly which frames should be in the decoder buffer at that time” (EX1004, ¶27), 

provided improved error resilience due to redundancy in buffer management. 

D. The Mulroy-H.264/AVC Combination 

116. The decoder system of Mulroy, in combination with features of the 

H.264/AVC standard referenced in Mulroy, implements each of the elements of 

claims 1-7 of the ’618 patent. The Mulroy-H.264/AVC combination describes that 

“every slice contains a message informing the decoder as to exactly which frames 

should be in the decoder buffer at that time.” EX1004, ¶27. A POSITA would have 

understood Mulroy as providing directions on how to use the H.264/AVC 

reordering commands in this way. EX1004, ¶27. Exemplary implementations in 

common use scenarios that follow Mulroy’s disclosure are described below. 
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1. The Mulroy-H.264/AVC  
Combination Can Maintain The Same Set  
Of Frames In The DPB From One Slice To the Next 

117. One necessary function of the DPB is to maintain, for use in decoding 

a current slice, the reference frames that were in the DPB during decoding of a 

previous slice, and the Mulroy-H.264/AVC combination provides a method for 

doing this. For example, a POSITA would have understood that this could be 

implemented using ordinary skill and conventional techniques as illustrated by the 

example below with a DPB that stores up to five reference frames. The following 

set of commands could be used in a slice header of a current slice of a current 

frame with frame_num 150 to indicate the DPB is supposed to contain frames 149, 

138, and 144 as short-term reference pictures, and frames 12 and 17 as long-term 

reference pictures, for decoding of the current slice. 

118. Initial state of DPB at decoder: for decoding of the current frame 

with frame_num 150, suppose the DPB at the decoder contains frames 149, 138, 

144, 12, and 17, where the underlined frames are marked as long-term reference 

frames. 

119. Step 1 (current DPB index 0): in the slice header for the current 

slice, a reordering command indicates short-term reference frame 149 in DPB 

position 0, relative to the frame number of the current frame (150 – (0 + 1) = 149): 

the reordering command is given with the parameters 
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reordering_of_pic_nums_idc = 0 and abs_diff_pic_num_minus1 = 0. The DPB 

contents after this operation are understood at the decoder to be 149. 

120. Step 2 (current DPB index 1): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 138 in 

DPB position 1, relative to the frame number of the reference frame in DPB 

position 0 (149 – (10 + 1) = 138), with reordering_of_pic_nums_idc = 0 and 

abs_diff_pic_num_minus1 = 10. The DPB contents after this operation are 

understood at the decoder to be 149 and 138. 

121. Step 3 (current DPB index 2): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 144 at 

DPB position 2. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 1 and abs_diff_pic_num_minus1 = 5. 138 + (5 + 1) 

= 144. The DPB contents after this operation are understood at the decoder to be 

149, 138, and 144. 

122. Step 4 (current DPB index 3): In the slice header for the current 

slice, the next reordering command indicates long-term reference frame 12 at DPB 

position 3. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 2 and long_term_pic_num = 12. The DPB contents 

after this operation are understood at the decoder to be 149, 138, 144, and 12. 
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123. Step 5 (current DPB index 4): In the slice header for the current 

slice, the next reordering command indicates long-term reference frame 17 at DPB 

position 4. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 2 and long_term_pic_num = 17. The DPB contents 

after this operation are understood at the decoder to be 149, 138, 144, 12, and 17.  

124. Step 6: In the slice header for the current slice, the next reordering 

command is given with the parameter reordering_of_pic_nums_idc = 3, which 

indicates the end of the reordering commands. The final DPB contents after 

processing this reordering command are understood at the decoder to be 149, 138, 

144, 12, and 17. 

2. The Mulroy-H.264/AVC Combination  
Can Remove Frames From The DPB To  
Recover From The Loss Of MMCO Commands 

125. Another exemplary operation provided by the Mulroy-H.264/AVC 

combination is to continue decoding a current frame even when an MMCO 

command in the encoded data for a previous frame has been lost. The Mulroy-

H.264/AVC combination addresses the loss of the MMCO command (in the 

encoded data for the previous frame) when decoding the next slice for which the 

remapping instructions in the slice header are properly received. A POSITA would 

have understood that this would be implemented using ordinary skill and 

conventional techniques as illustrated by the following example. 
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126. As Mulroy describes, “[i]f the decoder loses a set of MMCO 

commands, there will be mismatch between the contents of the encoder and 

decoder buffers.” EX1004, ¶27. Suppose the decoder does not receive an MMCO 

command in the encoded data for a slice of a previous frame, where the MMCO 

command would cause a decoder to mark one or more reference frames as “unused 

for reference” (an MMCO command of type 1, 2, 4, or 5). The decoder incorrectly 

understands its DPB to still include the reference frame(s) that should have been 

marked as “unused for reference” according to the lost MMCO command. Even if 

the encoded data for a current slice of the current frame includes MMCO 

commands, those MMCO commands do not repeat the previous (lost) MMCO 

command to mark the reference frame(s) as “unused for reference” since the 

encoder assumes the reference frame(s) were previously marked as “unused for 

reference.” At the time of decoding the current slice of the current frame, the state 

of the DPB is different at the encoder and decoder. Mulroy addresses this scenario 

by inserting remapping instructions (as reference picture list reordering commands 

in H.264/AVC) in a slice header for the slice of the current frame. “The way we do 

this is for the encoder to insert remapping instructions in every slice (NAL unit) 

that reference all frames in its buffer (there is not necessarily any changing of the 

default order), and for the decoder to use these to determine which frame to 
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remove from its buffer when it otherwise does not have the required knowledge.” 

EX1004, ¶28. 

127. The following example illustrates how a POSITA would have 

understood Mulroy to recover from the loss of MMCO commands. In this 

example, the DPB at the decoder stores up to five reference frames. For a slice of a 

previous frame with frame_num 149, encoded data includes a single MMCO 

command that, if received and processed by the decoder, would cause the decoder 

to mark long-term reference frame 17 as “unused for reference” (MMCO 

command of type 2) and remove it from the DPB (since it was output long before). 

The decoder does not receive the MMCO command, however, even though Mulroy 

describes that its decoder can determine that the reference picture is missing from 

the decoder buffer and instead use an alternative reference picture. EX1004, ¶33. 

Nevertheless, after decoding the previous frame with frame_num 149, the decoder 

updates its DPB to contain the just-decoded frame with frame_num 149. Because 

space is available in the DPB at the decoder before frame 149 is inserted, no 

reference frame is “bumped” from the DPB (that is, marked as “unused for 

reference” and removed). When decoding a current slice in a current frame with 

frame_num 150, the decoder processes the following reordering commands in the 

slice header of the current slice, which reiterate the correct state of the DPB at the 

decoder. 
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128. Initial state of DPB at decoder: for decoding of the current frame 

with frame_num 150, the DPB at the decoder contains frames 149, 138, 144, 12, 

and 17, where the italicized frames are marked as long-term reference frames. Due 

to loss of the MMCO command in the encoded data for the previous frame, the 

decoder has not marked long-term reference frame 17 as “unused for reference” 

and removed it from the DPB at the decoder. For comparison, the encoder expects 

the DPB at the decoder to contain frames 149, 138, 144, and 12. 

129. Step 1 (current DPB index 0): in the slice header for the current 

slice, a reordering command indicates short-term reference frame 149 in DPB 

position 0, relative to the frame number of the current frame (150 – (0 + 1) = 149): 

the reordering command is given with the parameters 

reordering_of_pic_nums_idc = 0 and abs_diff_pic_num_minus1 = 0. The DPB 

contents after this operation are understood at the decoder to be 149. 

130. Step 2 (current DPB index 1): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 138 in 

DPB position 1, relative to the frame number of the reference frame in DPB 

position 0 (149 – (10 + 1) = 138), with reordering_of_pic_nums_idc = 0 and 

abs_diff_pic_num_minus1 = 10. The DPB contents after this operation are 

understood at the decoder to be 149 and 138. 
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131. Step 3 (current DPB index 2): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 144 at 

DPB position 2. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 1 and abs_diff_pic_num_minus1 = 5: 138 + (5 + 1) 

= 144. The DPB contents after this operation are understood at the decoder to be 

149, 138, and 144. 

132. Step 4 (current DPB index 3): In the slice header for the current 

slice, the next reordering command indicates long-term reference frame 12 at DPB 

position 3. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 2 and long_term_pic_num = 12. The DPB contents 

after this operation are understood at the decoder to be 149, 138, 144, and 12. 

133. Step 5: In the slice header for the current slice, the next reordering 

command is given with the parameter reordering_of_pic_nums_idc = 3, which 

indicates the end of the reordering commands. The final DPB contents after 

processing this reordering command are understood at the decoder to be 149, 138, 

144, and 12. At this point, the decoder understands long-term reference frame 17 to 

no longer be in its DPB, and the decoder can remove long-term reference frame 17 

from its DPB before decoding the current slice of the current frame with 

frame_num 150. 
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134. Although retaining an additional reference frame in the DPB (here, 

long-term reference frame 17) might not interfere with the decoding of the current 

frame with frame_num 150, the incorrectly retained reference frame continues to 

occupy a position in the DPB. This can cause problems in subsequent decoding. 

For example, if the current frame with frame_num 150 is added to the DPB 

(containing frames 149, 138, 144, 12, and 17) using the sliding window process, a 

reference frame (such as short-term reference frame 138) is incorrectly “bumped” 

from the DPB, which stores at most five reference frames. Specifically, if the DPB 

at the decoder incorrectly contains frames 149, 138, 144, 12, and 17 when frame 

150 is inserted, frame 138 would be marked as “unused for reference” and 

removed. Going forward, the DPB at the decoder would incorrectly contain frames 

150, 149, 144, 12, and 17, instead of correctly containing frames 150, 149, 138, 

144, and 12. 

3. The Mulroy-H.264/AVC Combination  
Can Add Frames To The DPB To Recover  
From The Loss Of Encoded Data For A Previous Frame 

135. Another exemplary operation provided by the Mulroy-H.264/AVC 

combination is to continue decoding a current frame even when encoded data for a 

previous frame has been lost. The Mulroy-H.264/AVC combination addresses the 

loss of the encoded data for the previous frame when decoding the next slice for 

which encoded data, including remapping instructions in the slice header, is 
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properly received. A POSITA would have understood that this would be 

implemented using ordinary skill and conventional techniques as illustrated by the 

following example. 

136. Mulroy describes that “[i]t can occur that a frame is received without 

errors, but cannot be decoded correctly because its reference frame is absent from 

the buffer. This can be dealt with by decoding the NAL unit in box 215, using an 

alternative frame that is present in the decoder.” EX1004, ¶33. Although error 

concealment operations using a generated, non-existing reference picture are 

outside the scope of the H.264/AVC standard, Mulroy describes options for setting 

the values of the samples of the generated picture. EX1004, ¶¶30 (“generate 

substitute slices for display (e.g. by copying pixels from a previous frame). Then, 

in Steps 210, 211 and 212 (which are the same as Steps 105, 106 and 107 at the 

encoder), the concealed frame is inserted into the buffer, deleting an existing frame 

if necessary.”), 36 (“error concealment techniques used may be any of those 

conventionally employed”). Suppose the decoder does not receive the encoded data 

for slices of a previous frame. At the time of decoding the current slice of the 

current frame, the state of the DPB is different at the encoder and decoder.  

137. The following example illustrates how a POSITA would have 

understood Mulroy to recover from the loss of encoded data for a previous frame. 

In this example, the DPB at the decoder stores up to five reference frames. The 
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decoder receives and decodes encoded data for the previous frame with frame_num 

148. The decoder does not, however, receive the encoded data for the previous 

frame with frame_num 149. Instead, the decoder next receives encoded data for the 

current frame with frame_num 150. When decoding a current slice in the current 

frame with frame_num 150, the decoder processes the following reordering 

commands in the slice header of the current slice, which reiterate the correct state 

of the DPB at the decoder. 

138. Initial state of DPB at decoder: for decoding of the current frame 

with frame_num 150, the DPB at the decoder contains frames 148, 138, 144, 12, 

and 17, where the italicized frames are marked as long-term reference frames. Due 

to loss of the encoded data for the previous frame 149, the decoder has not added 

short-term reference frame 149 to its DPB, nor has the decoder marked short-term 

reference frame 148 as “unused for reference” and removed it from the DPB at the 

decoder. For comparison, the encoder expects the DPB at the decoder to contain 

frames 149, 138, 144, 12, and 17. (In this example, an MMCO command in the 

encoded data for previous frame 149 that was lost should have caused the decoder 

to mark reference frame 148 as “unused for reference” and remove frame 149 from 

its DPB. Alternatively, a different frame, such as short-term reference frame 138 or 

long-term reference frame 17 could be removed from the DPB, but that does not 

significantly change this example.) 
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139. Step 1 (current DPB index 0): in the slice header for the current 

slice, a reordering command indicates short-term reference frame 149 in DPB 

position 0, relative to the frame number of the current frame (150 – (0 + 1) = 149): 

the reordering command is given with the parameters 

reordering_of_pic_nums_idc = 0 and abs_diff_pic_num_minus1 = 0. The DPB 

contents after this operation are understood at the decoder to be 149. 

140. Step 2 (current DPB index 1): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 138 in 

DPB position 1, relative to the frame number of the reference frame in DPB 

position 0 (149 – (10 + 1) = 138), with reordering_of_pic_nums_idc = 0 and 

abs_diff_pic_num_minus1 = 10. The DPB contents after this operation are 

understood at the decoder to be 149 and 138. 

141. Step 3 (current DPB index 2): in the slice header for the current 

slice, the next reordering command indicates short-term reference frame 144 at 

DPB position 2. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 1 and abs_diff_pic_num_minus1 = 5: 138 + (5 + 1) 

= 144. The DPB contents after this operation are understood at the decoder to be 

149, 138, and 144. 

142. Step 4 (current DPB index 3): In the slice header for the current 

slice, the next reordering command indicates long-term reference frame 12 at DPB 
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position 3. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 2 and long_term_pic_num = 12. The DPB contents 

after this operation are understood at the decoder to be 149, 138, 144, and 12. 

143. Step 5 (current DPB index 4): In the slice header for the current 

slice, the next reordering command indicates long-term reference frame 17 at DPB 

position 4. The reordering command is given with the parameters 

reordering_of_pic_nums_idc = 2 and long_term_pic_num = 17. The DPB contents 

after this operation are understood at the decoder to be 149, 138, 144, 12, and 17. 

144. Step 6: In the slice header for the current slice, the next reordering 

command is given with the parameter reordering_of_pic_nums_idc = 3, which 

indicates the end of the reordering commands. The final DPB contents after 

processing this reordering command are understood at the decoder to be 149, 138, 

144, 12, and 17. At this point, the decoder understands short-term reference frame 

149 should be in its DPB. The decoder can generate a substitute frame 149 using 

one of the concealment approaches described in Mulroy (e.g., using “alternative 

frame that is present in the decoder” (EX1004, ¶33) or generating “substitute slices 

for display (e.g. by copying pixels from a previous frame)” (EX1004, ¶30)). The 

substitute frame can be inserted in the DPB for use in decoding the current slice of 

the current frame with frame_num 150. EX1004, ¶30 (“the concealed frame is 

inserted into the buffer, deleting an existing frame if necessary.”). At this point, the 
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decoder also understands short-term reference frame 148 should no longer be in its 

DPB, and the decoder can remove reference frame 148 from its DPB. 

E. The Mulroy-H.264/AVC Combination Renders Claims 1-7 Of 
The ’618 Patent Obvious 

1. Claim 1 

[1.1] A method of decoding an encoded representation of a picture in a video 
stream of multiple pictures, the method comprising: 

145. To the extent the preamble is limiting, Mulroy-H.264/AVC discloses 

it. Mulroy is titled “Video Coding” and describes “[v]ideo frame capture and 

H.264 real-time encode” (an encoded representation of a picture in a video stream 

of multiple pictures) and “H.264 real-time decode and display” (decoding an 

encoded representation of a picture in a video stream of multiple pictures). 

EX1004, ¶¶8-10; id., ¶1 (“present invention concerns video coding”); EX1005, 18 

(“The video source that is represented by the bitstream is a sequence of either or 

both frames or fields (called collectively pictures) in decoding order.”). Further, a 

POSITA understood that a video stream comprises multiple pictures, and that 

video coding involved the decoding of an encoded representation of a picture in a 

video stream of multiple pictures. Supra Section VI.A. 

146. For example, with respect to encoding, Mulroy describes encoding a 

number of pictures. EX1004, ¶22. The method of encoding described in Mulroy is 

summarized in the flowchart of FIG. 3, shown below. 
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EX1004, FIG. 3; id., ¶22 (“FIG. 3 shows the operation of the encoder.”). With 

respect to decoding, Mulroy also discloses a method of decoding an encoded 

representation of a picture in a video stream of multiple pictures. E.g., EX1004, 

Abstract (describing that encoded pictures are decoded by a decoder at a remote 

receiver). The decoding method of Mulroy is illustrated in Figure 4, shown below.  
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EX1004, FIG. 4 (annotated). A decoder receives encoded data for a slice in a 

NALU at step 200 (EX1004, ¶30) and decodes the encoded data for the slice at 

step 215 (EX1004, ¶32). The decoder repeats the operations of receiving and 

decoding encoded data in NALUs for slices of a current picture. EX1004, ¶32. 

[1.2] retrieving, from the encoded representation of the picture, buffer description 
information defining a plurality of reference pictures; 

147. Mulroy-H.264/AVC renders this element obvious because Mulroy 

discloses it. 
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148. Mulroy discloses “retrieving, from the encoded representation of the 

picture,…” the information recited in this element. Mulroy shows operations of an 

encoder in FIG. 3 (below) that “insert[s] remapping instructions in every slice 

(NAL unit) that reference all frames in its buffer.” EX1004, ¶28. These remapping 

instructions are added to the encoded representation of the picture based on 

reference pictures in a buffer. EX1004, ¶¶21-22. 

 

EX1004, FIG. 3 (annotated).  

149. The buffer description information would then be decoded, and thus 

retrieved, from the encoded frame. When the decoder receives encoded data in 

NALUs for slices of a picture and decodes the encoded data, the decoder retrieves 

remapping instructions from the encoded data and “use[s] these to determine which 
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frame to remove from its buffer when it otherwise does not have the required 

knowledge.” EX1004, ¶28. Mulroy thus discloses “retrieving, from the encoded 

representation of the picture.” 

150. Mulroy further discloses that what is retrieved is “…buffer description 

information….” Mulroy describes a “modified version [of H.264] in which every 

slice contains a message informing the decoder as to exactly which frames should 

be in the decoder buffer at that time.” EX1004, ¶27 (emphasis added). 

151. According to Mulroy, the encoder can change which reference 

pictures are stored in the buffer, for example, by adding a newly decoded picture or 

deleting an existing reference picture. EX1004, ¶¶23-26. Mulroy describes sending 

a “message” in every slice “informing the decoder as to exactly which frames 

should be in the decoder buffer at that time.” EX1004, ¶27. To do this, the message 

can use “‘reference picture list reordering’ commands defined by H.264” as 

“remapping instructions,” where the “remapping instructions can be made use of in 

the present context for indicating to the decoder which frames (by their frame 

numbers) should be in its buffer.” Id. These commands can be used to maintain the 

order of the pictures in the reference picture list, remove pictures from the list, or 

rearrange pictures identified by it, and specific examples of each of these 

operations are laid out in Section IX.D above. 
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152. Because this “message” in Mulroy states the frames that should be in 

the decoder buffer, i.e., describes the contents of the buffer, a POSITA would have 

understood it to be “buffer description information.” 

153. Mulroy further discloses that its buffer description information 

“…defin[es] a plurality of reference pictures.” Mulroy describes that “the 

transmitted information includes the reference indices of the predictor, or all the 

predictors, used so that the decoder can use the correct one(s) for decoding,” which 

indicates identification of reference pictures in the encoder buffer (and decoder 

buffer) by the reference indices. EX1004, ¶22. Mulroy states this process for 

decoding was “known.” Id. 

154. A POSITA would have understood that Mulroy discloses an 

unambiguous identification in the message that informs “the decoder as to exactly 

which frames should be in the decoder buffer at that time.” EX1004, ¶27. 

According to Mulroy, the message can use reference picture list reordering 

commands as in H.264/AVC to indicate the frames in a decoder buffer. Id. Mulroy 

does not require using reference picture list reordering commands to indicate the 

frames in the decoder buffer, but instead describes “‘reference picture list 

reordering’ commands defined by H.264” as “[o]ne way of doing this.” Id. 

Reference picture list reordering commands, used even when reference pictures are 

not reordered, provide a way to indicate the frames in the decoder buffer. 
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155. A POSITA would have understood that a way to implement this 

buffer description information would be to use a series of H.264/AVC reference 

picture list reordering commands. Supra §IX.D (discussing detailed examples of 

such implementation). By including the set of commands in the slice header, the 

buffer description information indicates the contents of the DPB. 

[1.3] determining, based on the buffer description information, a reference 
picture identifier that identifies a respective reference picture among the plurality 
of reference pictures, the respective reference picture comprising a decoding 
reference for the picture, wherein determining the reference picture identifier 
comprises: 

156. Mulroy-H.264/AVC renders this element obvious because Mulroy 

discloses a decoder determining, based on reordering commands in encoded data 

for a slice of a current picture, a reference picture identifier (frame number of a 

reference picture) that identifies a reference picture among the reference pictures 

usable to decode the current picture. EX1004, ¶27. 

157. Mulroy describes that “every slice contains a message informing the 

decoder as to exactly which frames should be in the decoder buffer at that time. 

One way of doing this is to make use of the ‘reference picture list reordering’ 

commands defined by H.264.” EX1004, ¶27. 

158. Importantly, Mulroy also describes that the encoder should “insert 

remapping instructions in every slice (NAL unit) that reference all frames in its 

buffer (there is not necessarily any changing of the default order)” and that the 
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decoder then should “use these to determine which frame to remove from its buffer 

when it otherwise does not have the required knowledge.” EX1004, ¶28. 

[1.4] (i) retrieving, based on the buffer description information, a delta identifier 
comprising a difference between the reference picture identifier and a picture 
identifier identifying the picture; and 

159. Mulroy-H.264/AVC renders this element obvious because 

H.264/AVC discloses it. 

160. H.264/AVC teaches retrieving an abs_diff_pic_num_minus1 syntax 

element from a reference picture list reordering syntax structure 

(ref_pic_list_reordering()) in a slice header. See EX1005, 47 (§7.3.3.1, laying out 

the “[r]eference picture list reordering syntax” structure), 85-86 (§7.4.3.1, 

explaining the “[r]eference picture list reordering semantics”). H.264/AVC defines 

the abs_diff_pic_num_minus1 syntax element: 

 

EX1005, 86 (§7.4.3.1). As defined, the abs_diff_pic_num_minus1 syntax element 

indicates a difference between the picture number (frame_num) of a reference 

picture and a picture number prediction value. Id.; see also id., 79-85 (§7.4.3), 85-

86 (§7.4.3.1), 117-118 (§8.2.4.3.1) For the first reordering command in each slice 

header for which the reordering_of_pic_nums_idc syntax elements is equal to 0 or 

1, the picture number prediction value is “a picture identifier identifying the 
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picture,” i.e., the picture number (frame_num) of the current picture 

(CurrPicNum). Id. In other words, the abs_diff_pic_num_minus1 syntax element 

associated with the first reordering command is “a delta identifier comprising a 

difference between the reference picture identifier and a picture identifier 

identifying the picture.” 

161. Sections 7.4.3, 7.4.3.1, and 8.2.4.3.1 of H.264/AVC describe a 

structure for reordering a “plurality of reference pictures” for efficient coding. 

EX1005, 79-85 (§7.4.3), 85-86 (§7.4.3.1), 117-118 (§8.2.4.3.1). Mulroy describes 

using the same reference picture list reordering information to reiterate which 

reference pictures should be in a decoder buffer. EX1004, ¶¶27-28. Thus, the 

abs_diff_pic_num_minus1 syntax element of Mulroy-H.264/AVC is an example of 

a “delta identifier” in claim 1, which is “a difference or delta identifier or value” as 

described in the ’618 patent. EX1001, 9:48. 

[1.5] (ii) calculating the reference picture identifier based on the picture identifier 
and the delta identifier; and 

162. Mulroy-H.264/AVC renders this element obvious because 

H.264/AVC teaches calculating the reference picture identifier based on the picture 

identifier and the delta identifier. For example, H.264/AVC describes using a delta 

identifier, its abs_diff_pic_num_minus1 syntax element, from a reference picture 

list reordering syntax structure (ref_pic_list_reordering()) in a slice header, to 
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determine the picture number of a reference picture. EX1005, 47 (§7.3.3.1). The 

decoder combines the value (abs_diff_pic_num_minus1 + 1) with the prediction 

value picNumLXPred, which when the reordering process is “invoked the first 

time for a slice,” it is “initially set equal to CurrPicNum” to determine a variable 

picNumLXNoWrap indicating the picture number of the reference picture. 

EX1005, 117-118 (§8.2.4.3.1). Thus, Mulroy-H.264/AVC discloses a delta 

identifier or at least renders it obvious. 

163. The delta identifier is used to calculate the reference picture identifier 

as follows. If the value of the reordering_of_pic_nums_idc syntax element is 0, the 

decoder subtracts the value (abs_diff_pic_num_minus1 + 1) from the variable 

picNumLXPred. EX1005, 117 (§8.2.4.3.1 (equation 8-35)). If the value of the 

reordering_of_pic_nums_idc syntax element is 1, the decoder adds the value 

(abs_diff_pic_num_minus1 + 1) to the variable picNumLXPred. Id (equation 8-

36). When reordering_of_pic_nums_idc is 0 or 1 for the first time in a reference 

picture list reordering syntax structure, the variable picNumLXPred is equal to 

CurrPicNum, which is the frame number (frame_num) of the current picture, i.e., 

the picture identifier. EX1005, 79-85 (§7.4.3), 117-118 (§8.2.4.3.1). Thus, Mulroy-

H.264/AVC discloses “calculating the reference picture identifier based on the 

picture identifier and the delta identifier” once for each slice that has a 

reordering_of_pic_nums_idc syntax element of 0 or 1. See supra §IX.D (laying out 
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examples of how the abs_diff_pic_num_minus1 syntax element would be used in 

the Mulroy-H.264/AVC method). 

[1.6] updating a decoded picture buffer based on the reference picture identifier. 

164. Mulroy-H.264/AVC renders this element obvious because Mulroy 

discloses the decoder using the picture number of the reference picture (determined 

using “remapping instructions” in the encoded data for the current picture) to 

update its buffer. EX1004, ¶¶28, 33. Mulroy discloses “using the same algorithm 

as used at the coder for selecting pictures to be deleted” (EX1004, ¶29) as an 

alternative, instead of using, for example, the “rules for the reference buffer 

management” that Mulroy lays out at ¶¶47-51 to manage the DPB. Mulroy further 

discloses that when the decoder “does not have the required knowledge,” the 

decoder can use the “remapping instructions in every slice (NAL unit) that 

reference all frames in its buffer” to “determine which frame to remove from its 

buffer,” thus providing redundancy if, for example, the MMCO commands are lost. 

EX1004, ¶28. 

2. Claim 2 

[2.1] The method according to claim 1, wherein: 

165. Mulroy-H.264/AVC renders claim 1 obvious. Supra Section IX.E 

(claim 1). 
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[2.2] determining the reference picture identifier comprises determining, based 
on the buffer description information, 

166. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(elements 1.3, 1.4, and 1.5). 

[2.3] i) a picture identifier identifying a respective reference picture among the 
plurality of reference pictures as the decoding reference for the picture and 

167. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 1.3). 

[2.4] ii) a picture identifier identifying a respective reference picture among the 
plurality of reference pictures as a decoding reference for a subsequent, according 
to a decoding order, picture in the video stream. 

168. Mulroy-H.264/AVC renders this element obvious because 

H.264/AVC teaches a picture identifier identifying a respective reference picture 

among the plurality of reference pictures as a decoding reference for a subsequent, 

according to a decoding order, picture in the video stream. It would have also been 

natural and obvious to implement Mulroy with H.264/AVC because Mulroy was 

explicitly designed to be implemented with H.264/AVC. Supra Section IX.C. 

169. H.264/AVC describes signaling reference picture list reordering 

information in the ref_pic_list_reordering() syntax structure, which is part of the 

slice_header() syntax structure for a slice. EX1005, 47 (§7.3.3.1). This reordering 

information can include one or more abs_diff_pic_num_minus1 syntax elements, 

each identifying a picture number of a short-term reference picture. EX1005, 47 
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(§7.3.3.1), 85-86 (§7.4.3.1). This reordering information can include 

long_term_pic_num syntax elements, identifying the picture number of a long-

term reference picture. Id. 

170. A POSITA would have understood that some reference pictures 

identified as long-term reference pictures are used during decoding of a subsequent 

picture in the decoding order. In some cases, a given long-term reference picture is 

used for decoding both the current picture and a subsequent picture in Mulroy-

H.264/AVC, while in other cases, a given long-term reference picture is used for 

decoding a subsequent picture but not the current picture in Mulroy-H.264/AVC. 

Compare EX1001, 8:32-38 (“the encoded picture therefore carries the buffer 

description information that can be used at the decoder to define and identify the 

reference pictures that are needed to decode the current picture and/or any 

subsequent picture of the video stream.”); see also id., 15:35-43, 15:44-53, 22:11-

30. 

3. Claim 3 

[3.1] The method according to claim 1, further comprising: 

171. As discussed above, Mulroy-H.264/AVC satisfies the elements of 

claim 1. Supra Section IX.E (claim 1). 
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[3.2] determining whether the reference picture identified by the reference 
picture identifier is one of missing or non-existing; and 

172. Mulroy-H.264/AVC renders this element obvious because Mulroy 

teaches that its decoder determines that a reference picture is missing from its 

buffer and instead uses an alternative reference picture. EX1004, ¶33. 

[3.3] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generating a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier. 

173. Mulroy-H.264/AVC renders this element obvious because Mulroy 

discloses generating a non-existing picture with parameters set to parameters of the 

reference picture identified by the reference picture identifier, responsive to 

determining the reference picture identified by the reference picture identifier is 

one of missing or non-existing, in view of the teachings of H.264/AVC as 

discussed below. 

174. According to the H.264/AVC standard, a decoder should infer loss of 

a picture when an entry in reference picture list reordering information refers to a 

reference picture that does not exist in the DPB. EX1005, 119-120 (§8.2.5.2).  
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Id., 120. For a non-existing picture, according to the H.264/AVC standard, the 

decoder generates a picture with samples that “may be set to any value,” and marks 

the generated picture “as ‘non-existing’ and ‘used for short-term reference.’” Id., 

119. 

175. According to Mulroy, its decoder can determine that a reference 

picture is missing from the decoder buffer and instead use an alternative reference 

picture. EX1004, ¶33. A POSITA, reading this description in Mulroy, would have 

understood that one way to provide an “alternative frame” would be to generate a 

non-existing reference picture as specified in the H.264/AVC standard–with 

samples that “may be set to any value” and marking the generated picture “as ‘non-

existing’ and ‘used for short-term reference.’” Id. Although error concealment 

operations using a generated, non-existing reference picture are outside the scope 

of the H.264/AVC standard, Mulroy describes options for setting the values of the 

samples of the generated picture. EX1004, ¶¶30, 36. 

4. Claim 4 

[4.1] The method according to claim 3, wherein generating the non-existing 
picture with parameters comprises at least one of: 

176. Mulroy-H.264/AVC renders claim 3 obvious. Supra Section IX.E 

(claim 3). 
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177. For Mulroy-H.264/AVC to render this claim obvious, it need only 

disclose or render obvious one of the four options for generating the non-existing 

picture. The language “at least one of … and …” in this context could not indicate 

“one or more” because it is describing method steps, not objects. Mulroy-

H.264/AVC discloses at least limitations [4.2] and [4.5], and thus renders claim 4 

obvious. 

[4.2] setting a picture order count (POC) of the non-existing picture to a POC of 
the reference picture; 

178. Mulroy-H.264/AVC renders this element obvious because 

H.264/AVC teaches setting a picture order count (POC) of the non-existing picture 

to a POC of the reference picture. According to H.264/AVC, a decoder should 

infer loss of a picture when an entry in reference picture list reordering information 

refers to a reference picture that does not exist in the DPB. EX1005, 119-120 

(§8.2.5.2).  

 

Id., 120. In some cases (when pic_order_cnt_type is not equal to 0), the decoder 

generates picture order count values (TopFieldOrderCnt and 

BottomFieldOrderCnt) for the non-existing picture. Id. 
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179. According to Mulroy, its decoder can determine that a reference 

picture is missing from the decoder buffer and instead use an alternative reference 

picture. EX1004, ¶33. A POSITA, reading this description in paragraph 33 of 

Mulroy, would have understood that one way to provide an “alternative frame” 

would be to generate a non-existing reference picture as specified in H.264/AVC – 

with picture order count values generated for the non-existing reference picture as 

specified in H.264/AVC. 

[4.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

180. Mulroy-H.264/AVC discloses at least elements [4.2] and [4.5], and 

thus renders claim 4 obvious. Element [4.3] is not addressed at this time. 

[4.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

181. Mulroy-H.264/AVC discloses at least elements [4.2] and [4.5], and 

thus renders claim 4 obvious. Element [4.4] is not addressed at this time. 

[4.5] marking the non-existing picture with a non-existing mark and used for 
reference mark. 

182. Mulroy-H.264/AVC renders this element obvious because 

H.264/AVC teaches marking the non-existing picture with a non-existing mark and 

used for reference mark. According to H.264/AVC, a decoder should infer loss of a 
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picture when an entry in reference picture list reordering information refers to a 

reference picture that does not exist in the DPB. EX1005, 119-120 (§8.2.5.2).  

 

Id., 120. For a non-existing picture, according to H.264/AVC, the decoder 

generates a picture and marks the generated picture “as ‘non-existing’ and ‘used 

for short-term reference.’” Id., 119. 

183. According to Mulroy, its decoder can determine that a reference 

picture is missing from the decoder buffer and instead use an alternative reference 

picture. “It can occur that a frame is received without errors, but cannot be decoded 

correctly because its reference frame is absent from the buffer. This can be dealt 

with by decoding the NAL unit in box 215, using an alternative frame that is 

present in the decoder.” EX1004, ¶33. A POSITA, reading this description in 

Mulroy, would have understood that one way to provide an “alternative frame” 

would be to generate a non-existing reference picture as specified in H.264/AVC – 

including marking the generated picture “as ‘non-existing’ and ‘used for short-term 

reference.’” EX1005, 119. In FIG. 4 of Mulroy, this operation takes place in box 

215. EX1004, ¶33. After the operations of box 215 are completed, the process 

continues through boxes 216-220 until the new frame is added to the buffer and 

reference picture list. EX1004, ¶32. 
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5. Claim 5 

[5.1] A method of decoding an encoded representation of a picture in a video 
stream of multiple pictures, the method comprising: 

184. Mulroy-H.264/AVC renders this obvious. Supra Section IX.E 

(element 1.1). 

[5.2] retrieving, from the encoded representation of the picture, buffer description 
information defining a plurality of reference pictures; 

185. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 1.2). 

[5.3] determining, based on the buffer description information, a reference 
picture identifier that identifies a reference picture among the plurality of 
reference pictures that comprises a decoding reference for the picture; 

186. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 1.3). 

[5.4] determining whether the reference picture identified by the reference 
picture identifier is one of missing or non-existing; 

187. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 3.2). 

[5.5] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generating a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier; and 
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188. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 3.3). 

[5.6] updating a decoded picture buffer based on the reference picture identifier. 

189. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 1.6). 

6. Claim 6 

[6.1] The method according to claim 5, wherein generating the non-existing 
picture with parameters comprises at least one of:  

190. Mulroy-H.264/AVC renders claim 5 obvious. Supra Section IX.E 

(claim 5). For Mulroy-H.264/AVC to render this claim obvious, it need only 

disclose or render obvious one of the four options for generating the non-existing 

picture. Supra Section IX.E (element 4.1). 

[6.2] setting a picture order count (POC) of the non-existing picture to a POC of 
the reference picture; 

191. Mulroy-H.264/AVC renders this element obvious. Supra Section IX.E 

(element 4.2). 

[6.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

192. Mulroy-H.264/AVC discloses at least elements 6.2 and 6.5. Element 

6.3 is not addressed at this time. 
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[6.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

193. Mulroy-H.264/AVC discloses at least elements 6.2 and 6.5. Element 

6.4 is not addressed at this time. 

[6.5] marking the non-existing picture with a non-existing mark and used for 
reference mark. 

194. Mulroy-H.264/AVC renders this element obvious, as discussed above. 

Supra Section IX.E (element 4.5). 

7. Claim 7 

[7.1] The method according to claim 5, wherein determining the reference picture 
identifier comprises: 

195. As discussed above, Mulroy-H.264/AVC satisfies the elements of 

claim 5. Supra Section IX.E (claim 5). 

[7.2] (i) retrieving, based on the buffer description information, a delta identifier 
comprising a difference between the reference picture identifier and a picture 
identifier identifying the picture; and 

196. Mulroy-H.264/AVC renders this element obvious, as discussed above. 

Supra Section IX.E (element 1.4). 

[7.3] (ii) calculating the reference picture identifier based on the picture identifier 
and the delta identifier. 

197. Mulroy-H.264/AVC renders this element obvious, as discussed above. 

Supra Section IX.E (element 1.5). 
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X. GROUND 2: CLAIMS 8-19 ARE OBVIOUS OVER  
MULROY IN VIEW OF H.264/AVC AND RAVEENDRAN 

A. Raveendran (U.S. 2006/0165176; EX1006) 

198. Raveendran is a U.S. patent application publication that was published 

on July 27, 2006, and thus is prior art under at least Sections 102(a-b). EX1006, 

Cover. Raveendran is analogous art to the ’618 patent because they are both in the 

same field of endeavor of video coding. EX1006, ¶¶4, 14. 

199. Raveendran discloses a method and apparatus to perform frame rate 

up conversion for video compression. Specifically, Raveendran discusses 

performing operations on bitstreams that are defined by video coding standards and 

discusses aspects of H.264/AVC. EX1006, ¶¶65-66, 70-71, 73, 75-76. Raveendran 

also discloses the use of the logic it describes in “a general purpose processor, a 

digital signal processor (DSP), an application specific integrated circuit (ASIC), a 

field programmable gate array (FPGA) or other programmable logic device, 

discrete gate or transistor logic, discrete hardware components, or any combination 

thereof designed to perform the functions described herein.” EX1006, ¶84. It 

further discusses implementation of video compression algorithms in an access 

point in a network. EX1006, ¶¶77-81. 

200. The disclosures that Raveendran made in 2006 about operating video 

coding systems in software and hardware implementations provide at least as much 
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detail as the specification of the ’618 patent. Compare EX1001, 25:22-42, 28:66-

29:7, with EX1006, ¶¶77-85. 

B. Combining Mulroy, H.264/AVC, And Raveendran 

201. A POSITA would have been motivated to combine the video coding 

methods taught by Mulroy and H.264/AVC with the hardware and/or software 

implementations taught by Raveendran, and would have had a reasonable 

expectation of success in doing so, because Raveendran provides express 

teachings, suggestions, and/or motivations to implement such video coding 

methods in specific hardware and/or software environments, and its disclosure 

reflects that an ordinary level of skill would easily do so. Although Mulroy and 

H.264/AVC do not expressly disclose hardware and/or software implementations, 

a POSITA would have recognized that such implementations would have been 

necessary to perform the video coding methods they teach. Raveendran, in turn, 

expressly teaches the implementation in hardware and/or software of video coding 

methods such as H.264/AVC in specific hardware and software environments. 

EX1006, ¶¶77-86. Raveendran teaches methods that are “[s]tandards [c]ompliant” 

with standards such as H.264/AVC (EX1006, ¶¶70-72) and further teaches that 

“the methods described herein may be implemented on a variety of communication 

hardware, processors and systems known by one of ordinary skill in the art” 
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(EX1006, ¶83). Raveendran also gives express examples of such communication 

hardware, processors and systems. EX1006, ¶¶77-86. 

202. Thus, when implementing Mulroy and H.264/AVC, a POSITA would 

have been motivated, with a reasonable expectation of success, to do so in 

hardware and/or software implementations, as described in Raveendran. The 

POSITA would only need to combine known prior art elements, such as the 

methods of Mulroy-H.264/AVC and the specific known “communication 

hardware, processors and systems known by one of ordinary skill in the art” 

(EX1006, ¶83) taught by Raveendran, to achieve predictable results, namely 

encoding and decoding video as taught by Mulroy-H.264/AVC. The POSITA 

knew how to do so, as Raveendran explains that its disclosure “enable[s] any 

person skilled in the art to make or use the various embodiments.” EX1006, ¶86. 

203. The obviousness to combine these references is further supported by 

the ’618 patent’s limited disclosures on implementation, admitting that one of skill 

in the art would not have needed further disclosure to expect successful 

implementation. For example, the ’618 patent’s discussion of software (EX1001, 

25:1-2, 28:46-47) and hardware (EX1001, 25:26-30, 29:3-7) implementations is 

given at a high level, and does not include any discussion of the network being 

used. In contrast, Raveendran’s discussions of software and hardware 
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implementations gives at least as much detail and includes a discussion of the 

network architecture used. EX1006, ¶¶77-85. 

C. The Mulroy-H.264/AVC-Raveendran Combination 

204. The resulting Mulroy-H.264/AVC-Raveendran combination, which 

includes Mulroy-H.264/AVC described above implemented in hardware/software 

environments as taught by Raveendran, renders claims 8-19 obvious as discussed 

in the following sections. 

1. Claim 8 

[8.1] A decoder configured to decode an encoded representation of a picture in a 
video stream of multiple pictures, the decoder comprising:  

205. Mulroy-H.264/AVC-Raveendran renders this obvious because Mulroy 

discloses a decoder configured to decode encoded representations. EX1004, ¶¶18-

21. Mulroy further describes a remote receiver that functions as a decoder. 

EX1004, ¶¶30-36. 

[8.2] at least one processor; and 

206. Mulroy-H.264/AVC-Raveendran renders this element obvious 

because Raveendran teaches implementing a decoder with a processor. EX1006, 

¶84. 

[8.3] a memory storing instructions which, when executed by the at least one 
processor causes the decoder to: 
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207. Mulroy-H.264/AVC-Raveendran renders this element obvious 

because Raveendran teaches using memory to store instructions that are executed 

by a processor to cause an encoder/decoder to carry out its various operations. 

EX1006, ¶85. 

[8.4] retrieve buffer description information defining a plurality of reference 
pictures, wherein the buffer description information is retrieved from the encoded 
representation of the picture; 

208. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.2). 

[8.5] determine, based on the buffer description information, a reference picture 
identifier that identifies a respective reference picture among the plurality of 
reference pictures, the respective reference picture comprising a decoding 
reference for the picture, wherein the decoder is configured to 

209. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.3). 

[8.6] i) retrieve, based on the buffer description information, a respective delta 
identifier comprising a difference between the reference picture identifier and a 
picture identifier identifying the picture, and  

210. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.4). 
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[8.7] ii) calculate the reference picture identifier based on the picture identifier 
and the respective delta identifier; and 

211. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.5). 

[8.8] update a decoded picture buffer based on the reference picture identifier. 

212. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.6). 

2. Claim 9 

[9.1] The decoder according to claim 8, wherein the memory stores further 
instructions which, when executed by the at least one processor causes the 
decoder to: 

213. Mulroy-H.264/AVC-Raveendran renders this element obvious 

because Mulroy-H.264/AVC-Raveendran renders claim 8 obvious and because 

Raveendran discloses a “software module” or “instructions” stored in memory that 

are “executed by a processor” to perform a method. Supra Section X.C (claim 8); 

EX1006, ¶¶84-85, 17. 

[9.2] retrieve the buffer description information defining multiple reference 
pictures from the encoded representation of the picture; and 

214. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.2). 
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[9.3] determine, based on the buffer description information, 

215. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 2.2). 

[9.4] i) a picture identifier identifying a respective reference picture among the 
multiple reference pictures as the decoding reference for the picture and 

216. Mulroy-H.264/AVC-Raveendran renders this element obvious 

because Mulroy discloses it. Supra Section IX.E (element 2.3). 

[9.5] ii) a picture identifier identifying a respective reference picture among the 
multiple reference pictures as a decoding reference for a subsequent, according 
to a decoding order, picture in the video stream. 

217. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 2.4). 

3. Claim 10 

[10.1] The decoder according to claim 8, wherein the memory stores further 
instructions which, when executed by the at least one processor causes the 
decoder to further configured to: 

218. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Sections X.C (claim 8), X.C (element 9.1). 

[10.2] determine whether the reference picture identified by the reference picture 
identifier is one of missing or non-existing; and 

219. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.2). 



Patent 10,708,618 

Page 112 

[10.3] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generate a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier. 

220. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.3). 

4. Claim 11 

[11.1] The decoder according to claim 10, wherein generating the non-existing 
picture with parameters comprises at least one of:  

221. Mulroy-H.264/AVC-Raveendran combination renders claim 10 

obvious, as discussed above. Supra Section X.C (claim 10). For Mulroy-

H.264/AVC-Raveendran to render this claim obvious, it need only disclose or 

render obvious one of the four options for generating the non-existing picture. 

Supra Section IX.E (element 4.1). Mulroy-H.264/AVC-Raveendran renders claim 

11 obvious because Mulroy-H.264/AVC-Raveendran renders obvious at least 

elements 11.2 and 11.5, as noted below. 

[11.2] setting a picture order count (POC) of the non-existing picture to a POC 
of the reference picture; 

222. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.2). 
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[11.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

223. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

11.2 and 11.5. Element 11.3 is not addressed at this time. 

[11.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

224. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

11.2 and 11.5. Element 11.4 is not addressed at this time. 

[11.5] marking the non-existing picture with a non-existing mark and a used for 
reference mark. 

225. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.5). 

5. Claim 12 

[12.1] A decoder configured to decode an encoded representation of a picture in 
a video stream of multiple pictures, the decoder comprising: 

226. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (element 8.1). 

[12.2] a data retriever circuit configured to retrieve buffer description 
information defining a plurality of reference pictures, wherein the buffer 
description information is retrieved from the encoded representation of the 
picture; 

227. Mulroy-H.264/AVC-Raveendran renders this element obvious. 

Mulroy-H.264/AVC renders obvious retrieving buffer description information 
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defining a plurality of reference pictures, wherein the buffer description 

information is retrieved from the encoded representation of the picture. Supra 

Section IX.E (element 1.2). Raveendran teaches implementing video coding 

methods, such as the teachings of Mulroy-H.264/AVC, in “circuits” such as an 

ASIC, FPGA, or other programmable logic device. EX1006, ¶84. A POSITA 

would have been motivated with a reasonable expectation of success to apply the 

teachings of Raveendran when implementing the obvious method of Mulroy-

H.264/AVC, because Raveendran’s disclosure “is provided to enable any person 

skilled in the art to make or use the various embodiments.” EX1006, ¶86; supra 

Sections IX.C, X.B. A POSITA thus would have found it obvious to implement the 

known Mulroy-H.264/AVC method with an application specific integrated circuit 

(data retriever circuit) in order to “perform the function[]” as taught by 

Raveendran, because Raveendran provides an express teaching, suggestion, and/or 

motivation to do so. EX1006, ¶84. 

[12.3] a picture identifier determiner circuit configured to: 

228. Mulroy-H.264/AVC-Raveendran renders this element obvious. 

Raveendran describes implementing H.264/AVC methods in hardware circuits, 

such as an application specific integrated circuit or another hardware component. 

EX1006, ¶84. Further, Mulroy-H.264/AVC renders obvious the steps of 

determining a picture identifier. A POSITA thus would have found it obvious to 
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implement the known Mulroy-H.264/AVC method of determining a picture 

identifier with an application specific integrated circuit (picture indicator 

determiner circuit) to “perform the function[]” as taught by Raveendran, because 

Raveendran provides an express teaching, suggestion, and/or motivation to do so. 

EX1006, ¶84. 

[12.4] determine, based on the buffer description information, a reference picture 
identifier that identifies a respective reference picture among the plurality of 
reference pictures, the respective reference picture comprising a decoding 
reference for the picture; 

229. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.3). 

[12.5] determine whether the reference picture identified by the reference picture 
identifier is one of missing or non-existing; 

230. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.2). 

[12.6] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generate a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier; and 

231. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.3). 
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[12.7] a buffer manager circuit configured to update a decoded picture buffer 
based on the reference picture identifier. 

232. Mulroy-H.264/AVC-Raveendran renders this element obvious. 

Mulroy-H.264/AVC renders obvious updating a DPB based on the reference 

picture identifier. Supra Section IX.E (element 1.6). 

233. Raveendran further teaches implementing video coding methods, such 

as the teachings of Mulroy-H.264/AVC, in a circuit. EX1006, ¶84. A POSITA thus 

would have found it obvious to implement the known Mulroy-H.264/AVC method 

of updating a decoded picture buffer with an application specific integrated circuit 

(buffer manager circuit) to “perform the function[]” as taught by Raveendran, 

because Raveendran provides an express teaching, suggestion, and/or motivation to 

do so. EX1006, ¶84. 

6. Claim 13 

[13.1] The decoder according to claim 12, wherein generating the non-existing 
picture with parameters comprises at least one of:  

234. Mulroy-H.264/AVC-Raveendran renders claim 12 obvious. Supra 

Section X.C (claim 12). To render this claim obvious, Mulroy-H.264/AVC-

Raveendran need only disclose or render obvious one of the four options for 

generating the non-existing picture. Supra Section IX.E (element 4.1). As 
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discussed below, Mulroy-H.264/AVC-Raveendran renders obvious at least 

elements 13.2 and 13.5, and thus renders claim 13 obvious. 

[13.2] setting a picture order count (POC) of the non-existing picture to a POC 
of the reference picture; 

235. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.2). 

[13.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

236. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

13.2 and 13.5, so element 13.3 is not addressed at this time. 

[13.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

237. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

13.2 and 13.5, so element 13.4 is not addressed at this time. 

[13.5] marking the non-existing picture with a non-existing mark and used for 
reference mark. 

238. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.5). 
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7. Claim 14 

[14.1] A receiver comprising: 

239. To the extent the preamble is limiting, Mulroy-H.264/AVC-

Raveendran renders it obvious because Mulroy discloses the operation of a 

receiver. EX1004, ¶30. 

[14.2] an input section circuit configured to receive encoded representations of 
multiple pictures in a video stream; 

240. Mulroy-H.264/AVC-Raveendran renders this element obvious. 

Mulroy describes a remote receiver that receives pictures in a video stream that are 

encoded as NALUs containing H.264/AVC slice data. EX1004, ¶30, FIG. 1, FIG. 

4. Raveendran further teaches implementing video coding methods, such as the 

teachings of Mulroy-H.264/AVC, in a circuit. EX1006, ¶84. A POSITA thus 

would have found it obvious to implement the known Mulroy-H.264/AVC method 

of receiving encoded pictures in a video stream with an application specific 

integrated circuit (input section circuit) in order to “perform the function[]” as 

taught by Raveendran, because Raveendran provides an express teaching, 

suggestion, and/or motivation to do so. EX1006, ¶84. 

[14.3] a decoder circuit configured to decode the encoded representations of the 
multiple pictures; and 

241. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (element 8.1). A POSITA would have found it obvious to implement 
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the known Mulroy-H.264/AVC decoder with an application specific integrated 

circuit (decoder circuit) to “perform the functions” of the decoder as taught by 

Raveendran, because Raveendran provides an express teaching, suggestion, and/or 

motivation to do so. EX1006, ¶84. 

[14.4] an output section circuit configured to output decoded pictures of the video 
stream, wherein the decoder circuit comprises: 

242. Mulroy-H.264/AVC-Raveendran renders this element obvious. The 

’618 patent describes that the “output section…is configured to output decoded 

pictures.” EX1001, 3:63-64. Mulroy describes this output section in its description 

that when a frame is decoded “the newly decoded frame is inserted into the buffer” 

for use. EX1004, ¶32. A POSITA would have understood that the newly decoded 

frame inserted into the buffer, in addition to being available as a reference picture, 

would also be output for eventual display, because the typical purpose of decoding 

the video stream is to display it. E.g., EX1005, 1, 3. Mulroy also discloses output 

of the H.264 Decoder going to a “Renderer” (EX1004, FIG.1), and that the “video 

transmission system” depicted in FIG. 1 “performs the following functions” such 

as “H.264 real-time decode and display” (EX1004, ¶¶4, 8, 10). 

243. A POSITA thus would have found it obvious to implement the known 

Mulroy-H.264/AVC method of outputting decoded pictures of the video stream 

with an application specific integrated circuit (output section circuit) to “perform 
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the function[]” as taught by Raveendran, because Raveendran provides an express 

teaching, suggestion, and/or motivation to do so. EX1006, ¶84. 

[14.5] a data retriever circuit configured to retrieve buffer description 
information defining a plurality of reference pictures, wherein the buffer 
description information is retrieved from the encoded representation of a picture; 

244. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (element 12.2). 

[14.6] a picture identifier determiner circuit configured to 

245. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (element 12.3). 

[14.7] determine, based on the buffer description information, a reference picture 
identifier that identifies a respective reference picture among the plurality of 
reference pictures, the respective reference picture comprising a decoding 
reference for the picture, wherein the picture identifier determiner is configured 
to 

246. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.3). 

[14.8] i) retrieve, based on the buffer description information, a respective delta 
identifier comprising a difference between the reference picture identifier and a 
picture identifier identifying the picture, and 

247. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.4). 
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[14.9] ii) calculate the reference picture identifier based on the picture identifier 
and the respective delta identifier; and 

248. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.5). 

[14.10] a buffer manager circuit configured to update a decoded picture buffer 
based on the reference picture identifier. 

249. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (element 12.7). 

8. Claim 15 

[15.1] The receiver according to claim 14, wherein the decoder circuit is further 
configured to perform operations comprising: 

250. Mulroy-H.264/AVC-Raveendran renders this element obvious, as 

discussed above. Supra Section X.C (claim 14). 

[15.2] determining whether the reference picture identified by the reference 
picture identifier is one of missing or non-existing; and 

251. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.2). 

[15.3] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generating a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier. 

252. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.3). 
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9. Claim 16 

[16.1] The receiver according to claim 15, wherein generating the non-existing 
picture with parameters comprises at least one of:  

253. Mulroy-H.264/AVC-Raveendran renders claim 15 obvious. Supra 

Section X.C (claim 15). Additionally, for Mulroy-H.264/AVC-Raveendran to 

render this claim obvious, it need only disclose or render obvious one of the four 

options for generating the non-existing picture. Supra Section IX.E (element 4.1). 

Mulroy-H.264/AVC-Raveendran renders this claim obvious because it renders 

obvious at least elements 16.2 and 16.5, as discussed in the following paragraphs. 

[16.2] setting a picture order count (POC) of the non-existing picture to a POC 
of the reference picture; 

254. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.2). 

[16.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

255. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

16.2 and 16.5, so element 16.3 is not addressed at this time. 

[16.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

256. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

16.2 and 16.5, so element [16.3] is not addressed at this time. 
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[16.5] marking the non-existing picture with a non-existing mark and used for 
reference mark. 

257. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.5). 

10. Claim 17 

[17.1] A computer program product comprising a non-transitory computer-
readable medium storing program instructions for decoding an encoded 
representation of a picture in a video stream of multiple pictures, the program 
instructions when executed by a processor of a node in an access network cause 
the node to perform operations comprising: 

258. Mulroy-H.264/AVC-Raveendran renders this element obvious 

because Raveendran discloses “a computer readable medium” with instructions for 

executing a method for construction of a video sequence. EX1006, ¶17. 

Raveendran also describes “access point 504x” (node) as “a device in an access 

network” (EX1006, ¶¶78, 81) a “receive [] data processor 558” within access point 

504x that processes the video stream and provides decoded data (EX1006, ¶78), 

and non-transitory computer readable media, such as EEPROM, a hard disk, or a 

CD-ROM (EX1006, ¶85). A POSITA would have found it obvious to implement 

Mulroy-H.264/AVC in hardware and/or software described by Raveendran, 

because Raveendran provides express teachings, suggestions, and/or motivations to 

do so. Supra Section X.B. 
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[17.2] retrieving, from the encoded representation of the picture, buffer 
description information defining a plurality of reference pictures; 

259. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.2). 

[17.3] determining, based on the buffer description information, a reference 
picture identifier that identifies a respective reference picture among the plurality 
of reference pictures, the respective reference picture comprising a decoding 
reference for the picture, wherein determining the reference picture identifier 
comprises: 

260. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.3). 

[17.4] (i) retrieving, based on the buffer description information, a delta identifier 
comprising a difference between the reference picture identifier and a picture 
identifier identifying the picture; and 

261. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.4). 

[17.5] (ii) calculating the reference picture identifier based on the picture 
identifier and the delta identifier; and 

262. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.5). 

[17.6] updating a decoded picture buffer based on the reference picture identifier. 

263. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 1.6). 
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11. Claim 18 

[18.1] The computer program product according to claim 17, wherein the 
instructions comprise further instructions that are executable by the processor of 
the node in the access network to perform operations comprising: 

264. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section X.C (claim 17). 

[18.2] determining whether the reference picture identified by the reference 
picture identifier is one of missing or non-existing; and 

265. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.2). 

[18.3] responsive to determining the reference picture identified by the reference 
picture identifier is one of missing or non-existing, generating a non-existing 
picture with parameters set to parameters of the reference picture identified by 
the reference picture identifier. 

266. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 3.3). 

12. Claim 19 

[19.1] The computer program product according to claim 18, wherein generating 
the non-existing picture with parameters comprises at least one of: 

267. Mulroy-H.264/AVC-Raveendran renders claim 18 obvious. Supra 

Section X.C (claim 18). To render this claim obvious, the combination need only 

disclose or render obvious one of the four options for generating the non-existing 

picture. Supra Section IX.E (element 4.1). As discussed in the following 
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paragraphs, Mulroy-H.264/AVC-Raveendran render obvious at least elements 19.2 

and 19.5, and thus render claim 19 obvious. 

[19.2] setting a picture order count (POC) of the non-existing picture to a POC 
of the reference picture; 

268. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.2). 

[19.3] setting an additional_picture_id of the non-existing picture to an 
additional_picture_id of the reference picture; 

269. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

19.2 and 19.5. Element 19.3 is not addressed at this time. 

[19.4] setting a temporal_id of the non-existing picture to a temporal_id of the 
reference picture; and 

270. Mulroy-H.264/AVC-Raveendran renders obvious at least elements 

19.2 and 19.5. Element 19.4 is not addressed at this time. 

[19.5] marking the non-existing picture with a non-existing mark and used for 
reference mark. 

271. Mulroy-H.264/AVC-Raveendran renders this element obvious. Supra 

Section IX.E (element 4.5). 

XI. OBJECTIVE INDICIA OF NON-OBVIOUSNESS 

272. I am aware of no evidence that the method in the claims would result 

in a more efficient encoding and/or decoding process. Furthermore, the elements of 
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the ’618 patent such as using absolute differences to identify reference pictures 

were previously disclosed by Mulroy. I am also unaware of any industry praise for 

the ’618 patent or the process described in it. I also have no knowledge of any 

evidence that the claims of the ’618 patent contributed to any successes, praise, or 

awards for the H.265/HEVC standard. The H.265/HEVC standard is the subject of 

thousands of patents, and I have no reason to think that the technology claimed in 

the ’618 patent drove any of the success of the H.265/HEVC. 
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I, Charles D. Creusere, do hereby declare and state, that all statements made 

herein of my own knowledge are true and that all statements made on information 

and belief are believed to be true; and further that these statements were made with 

the knowledge that willful false statements and the like so made are punishable by 

fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 

Code. 

Dated: December 10, 2024 Respectfully submitted, 
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