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States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
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which it is most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 3 7, Code of 
Federal Regulations, § 1.56. 

I HEREBY CLAIM foreign priority benefits under Title 35, United States Code 
§ 119( a)-( d) or § 365(b) of any foreign application(s) for patent or inventor's certificate, or 
§365(a) of any PCT international application which designated at least one country other than 
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application for patent or inventor's certificate or of any PCT international application having a 
filing date before that of the application on which priority is claimed. 
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I HEREBY CLAIM the benefit under Title 35, United States Code, § 120 of any 
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of this application is not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of Title 3 5, United States Code, § 112, I 
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Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date 
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SPATIALLY ENHANCED TRANSFORM CODING 

FIELD OF THE INVENTION 

[0001] The present invention relates to the coding and decoding of digital video 

material. More particularly, the present invention relates to prediction error coding in 

both frequency and spatial domains. 

BACKGROUND OF THE INVENTION 

[0002] This section is intended to provide a background or context to the invention 

that is recited in the claims. The description herein may include concepts that could 

be pursued, but are not necessarily ones that have been previously conceived or 

pursued. Therefore, unless otherwise indicated herein, what is described in this 

section is not prior art to the description and claims in this application and is not 

admitted to be prior art by inclusion in this section. 

[0003] A video codec comprises an encoder that transforms input video into a 

compressed representation suited for storage and/or transmission and a decoder that 

can uncompress the compressed video representation back into a viewable form. 

Typically, the encoder discards some information in the original video sequence in 

order to represent the video in a more compact form, i.e., at a lower bitrate. 

[0004] Typical hybrid video codecs, for example ITU-T H.263 and H.264, encode 

video information in two phases. In the first phase, pixel values in a certain picture 

area or "block" are predicted. These pixel values can be predicted, for example, by 

motion compensation mechanisms, which involve finding and indicating an area in 

one of the previously coded video frames that corresponds closely to the block being 

coded. Additionally, pixel values can be predicted via by spatial mechanisms, which 

involve using the pixel values around the block to be coded in a specified manner. 

The second phase involves coding the prediction error, i.e. the difference between the 

predicted block of pixels and the original block of pixels. This is typically 

-1-
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accomplished by transforming the difference in pixel values using a specified 

transform (e.g., a Discreet Cosine Transform (DCT) or a variant thereof), quantizing 

the coefficients, and entropy coding the quantized coefficients. By varying the 

fidelity of the quantization process, the encoder can control the balance between the 

accuracy of the pixel representation (i.e., the picture quality) and the size of the 

resulting coded video representation (i.e., the file size or transmission bitrate). 

[0005] The decoder reconstructs output video by applying prediction mechanisms 

that are similar to those used by the encoder in order to form a predicted 

representation of the pixel blocks (using motion or spatial information created by the 

encoder and stored in the compressed representation) and prediction error decoding 

(the inverse operation of the prediction error coding, recovering the quantized 

prediction error signal in the spatial pixel domain). After applying prediction and 

prediction error decoding processes, the decoder sums up the prediction and 

prediction error signals (i.e., the pixel values) to form the output video frame. The 

decoder (and encoder) can also apply additional filtering processes in order to 

improve the quality of the output video before passing it for display and/or storing it 

as a prediction reference for the forthcoming frames in the video sequence. 

[0006] In typical video codecs, the motion information is indicated with motion 

vectors associated with each motion-compensated image block. Each of these motion 

vectors represents the displacement of the image block in the picture to be coded (in 

the encoder side) or decoded (in the decoder side) and the prediction source block in 

one of the previously coded or decoded pictures. In order to represent motion vectors 

efficiently, motion vectors are typically coded differentially with respect to block 

specific predicted motion vectors. In a typical video codec, the predicted motion 

vectors are created in a predefined way, for example by calculating the median of the 

encoded or decoded motion vectors of the adjacent blocks. 

[0007] Typical video encoders utilize Lagrangian cost functions to find optimal 

coding modes, e.g., the desired macroblock mode and associated motion vectors. 

This kind of cost function uses a weighting factor A to tie together the exact or 

-2-
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estimated image distortion due to lossy coding methods and the exact or estimated 

amount of information that is required to represent the pixel values in an image area: 

C=D+AR (1) 

[0008] In Eq. (1 ), C is the Lagrangian cost to be minimized, D is the image 

distortion (e.g., the mean squared error) with the mode and motion vectors considered, 

and R the number of bits needed to represent the required data to reconstruct the 

image block in the decoder (including the amount of data to represent the candidate 

motion vectors). 

[0009] Transform coding of the prediction error signal in video or image 

compression system typically comprises DCT-based linear transform, quantization of 

the transformed DCT coefficients, and context based entropy coding of the quantized 

coefficients. However, the transform can efficiently pack energy of the prediction 

error signal only under certain statistics, and the coding performance deteriorates 

when the prediction error to be transformed becomes less correlated. This causes 

suboptimal performance, especially in modem video and image coding systems 

employing advanced motion compensation and spatial prediction processes in order to 

achieve good quality predictions for the image blocks to be coded ( thus, minimizing 

and decorrelating the prediction error signal). 

[0010] To address some of the above issues, a number of hybrid video coding 

schemes have been developed. These hybrid systems typically comprise a hybrid of 

two redundancy reduction techniques--prediction and transformation. Prediction can 

take the form of inter-picture prediction, which is used to remove temporal 

redundancies in the signal. Intra-picture prediction may also be used in the 

H.264/ Advanced Video Coding (A VC) standard where spatial redundancies are 

removed by exploiting the similarities between neighboring regions within a picture 

frame. As a consequence of these inter-picture and intra-picture prediction 

techniques, a residual/error signal is formed by removing the predicated picture frame 

from the original. This prediction error signal is then typically block transform coded 

using an 8x8 DCT transform in order to reduce spatial redundancies in the signal. 

-3-

DLMR_ 485489.1 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000015



Atty. Dkt. No.: 037145-7826 
(NC60080US) 

SUMMARY OF THE INVENTION 

[0011] Various embodiments of the present invention provide a system and method 

for representing the prediction error signal as a weighted sum of different basis 

functions of a selected transform and quantized spatial samples. The basis functions 

of the selected transform may comprise an orthogonal set of basis vectors, or the basis 

functions may not comprise an orthogonal set. According to various embodiments, 

the prediction error signal for a single image block is constructed using both 

transform basis functions and spatial samples (i.e., pixel values), thereby combining 

the desired features of both the transform and spatial coding approaches discussed 

previously. This allows for the utilization of those selected transform basis functions 

that give good overall representation of the image block with minimal amount of 

transform coefficients (representing the component of prediction error signal that is 

well correlated with the basis functions). Additionally, various embodiments of the 

present invention allow for the efficient spatial representation of those components of 

the prediction error signal of the same image block that are not well correlated with 

the basis functions of the applied transform (such as certain types of sensor noise, 

high frequency texture and edge information). 

[0012] According to various embodiments of the present invention, a system and 

method of encoding a prediction error signal for a block of data comprises calculating 

a difference signal representing differences between sample values of a predicted 

block of data and values for an original input block. Transform coding and spatial 

coding are both performed to the difference signal, thereby creating a first and second 

representations of first and second components of the difference signal. The first and 

second representations are then combined to provide the prediction error signal. 

[0013] Various embodiments of the present invention also provide a system and 

method of decoding a prediction error signal for a block of data, comprising receiving 

a coded prediction error signal, the coded prediction error signal including a plurality 

of transform coefficients and a plurality of spatial samples. The plurality of 

transformed coefficients are decoded into decoded transform information, and the 

plurality of spatial samples are decoded into decoded spatial information. The 

-4-
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decoded transform information, the decoded spatial information, and a reconstructed 

prediction of the block of data are then added, thereby forming a decoded 

representation of the block of data. 

[0014] The implementations of various embodiments of the present invention serve 

to improve the compression efficiency of modern video and image codecs. Although 

a certain amount of increased computational complexity of encoding may be needed, 

fast algorithms can be applied in order to lower the encoding complexity that 

approaches the complexity level for traditional transform based coding. Any effect on 

the complexity for a decoder is negligible when implementing various embodiments 

of the present invention. 

[0015] These and other advantages and features of the invention, together with the 

organization and manner of operation thereof, will become apparent from the 

following detailed description when taken in conjunction with the accompanying 

drawings, wherein like elements have like numerals throughout the several drawings 

described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure. 1 shows an example of basis functions of a Hadamard transform that 

can be used to encode image data; 

[0017] Figure 2(a) is an example of four scalar values that are to be coded or 

decoded and representing the prediction error signal between the original image and 

the prediction image; Figure 2(b) shows the four weighted basis functions from Figure 

1 being summed to the prediction error signal; and Figure 2(c) shows how the same 

prediction error signal can be reconstructed by summing up only the first basis 

function and a single spatial sample represented by an arrow; 

[0018] Figure 3 is a block diagram of a video encoder constructed in accordance 

with one embodiment of the present invention; 

[0019] Figure 4 is a flow chart showing one encoder algorithm which may be used 

in an embodiment of the present invention; 

-5-
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[0020] Figure 5 is a flow chart showing one decoder algorithm which may be used 

in various embodiments of the present invention; 

[0021] Figure 6 is a block diagram of a video decoder constructed in accordance 

with one embodiment of the present invention; 

[0022] Figure 7 is an overview diagram of a system within which various 

embodiments of the present invention may be implemented; 

[0023] Figure 8 is a perspective view of an electronic device that can be used in 

conjunction with the implementation of various embodiments of the present 

invention; and 

[0024] Figure 9 is a schematic representation of the circuitry which may be included 

in the electronic device of Figure 8. 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 

[0025] Various embodiments of the present invention provide a system and method 

for representing the prediction error signal as a weighted sum of different basis 

functions of a selected transform and quantized spatial samples. According to various 

embodiments, the prediction error signal for a single image block is constructed using 

both transform basis functions and spatial samples (i.e., pixel values), thereby 

combining the desired features of both the transform and spatial coding approaches 

discussed previously. This allows for the utilization of those selected transform basis 

functions that give good overall representation of the image block with minimal 

amount of transform coefficients (representing the component of prediction error 

signal that is well correlated with the basis functions). Additionally, various 

embodiments of the present invention allow for the efficient spatial representation of 

those components of the prediction error signal of the same image block that are not 

well correlated with the basis functions of the applied transform (such as certain types 

of sensor noise, high frequency texture and edge information). 

[0026] Figures 1 and 2 show a simplified example of how various embodiments of 

the present invention are operable in one dimension. Figure 1 shows an example of 

basis functions of a one-dimensional linear transform that can be used to encode 
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image data (namely a Hadamard transform). The weighted sum of these four basis 

functions can be used to represent any four samples. Figure 2(a) is an example of 

four scalar values that are to be coded or decoded and representing the prediction 

error signal between the original image and the prediction image. In Figure 2(b ), the 

four weighted basis functions from Figure 1 are summed to the prediction error signal 

(1.5 times the first, 0.5 times the second, -0.5 times the third and -0.5 times the fourth 

basis function). In Figure 2(c) it is demonstrated how the same prediction error signal 

can be reconstructed by summing up only the first basis function and a single spatial 

sample represented by an arrow. In this example, compression efficiency 

improvement can be expected, as the signal is represented by a single transform 

coefficient and a single spatial sample instead of four transform coefficients 

weighting the four Hadamard basis functions (as shown in Figure 2(b)). 

[0027] Figure 3 is a block diagram of a video encoder constructed in accordance 

with one embodiment of the present invention. More particularly, Figure 3 shows 

how an image to be encoded 300 undergoes pixel prediction 302, prediction error 

coding 303 and prediction error decoding 304. For pixel prediction 302, the image 

300 undergoes both inter-prediction 306 and intra-prediction 308 which, after mode 

selection 310, results in prediction representation of an image block 312. A 

preliminary reconstructed image 314 is also used for intra-prediction 308. Once all of 

the image blocks are processed, the preliminary reconstructed image 314 undergoes 

filtering at 316 to create a final reconstructed image 340, which is sent to a reference 

frame memory 318 and is also used for inter-prediction 306 of future frames. 

[0028] The prediction representation of the image block 312, as well as the image to 

be encoded 300, are used together to define a prediction error signal 320 which is 

used for prediction error coding 303. In prediction error coding 303, the prediction 

error signal 320 undergoes feature selection 322 and spatial quantization 324, as well 

as transform 326 and quantization 328 (both after feature selection 322). The data 

describing prediction error and predicted representation of the image block 312 ( e.g., 

motion vectors, mode information and quantized DCT+spatial samples) are passed to 

entropy coding 330. The prediction error decoding 304 is substantially the opposite 

of the prediction error coding 303, with the prediction error decoding including an 
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inverse spatial quantizer 332, an inverse transform 334 and an inverse quantization 

336. The result of the prediction error decoding 304 is a reconstructed prediction 

error signal 338, which is used in combination with the predicted representation of the 

image block 312 to create the preliminary reconstructed image 314. 

[0029] Figure 4 is a flow chart showing one encoder algorithm which may be used 

in an embodiment of the present invention. However, as discussed below, a variety of 

different algorithms may be used according to principles of the present invention. At 

400 in Figure 4, the difference between sample values of a predicted block and an 

original input block is calculated. It should be noted that "values" and "outlier values" 

as used herein are intended to refer to these difference values. At 410, outlier values 

are found. In this case, the amplitude depends on the expected accuracy of the coded 

representation; smaller amplitude representations qualify as outliers if one is targeting 

high bitrate good quality representation, and only high amplitude representations 

qualify if one is targeting a lower bitrate, lower quality representation. At 420, the 

modified prediction error signal is transform coded (involving transform, quantization 

and entropy coding), with the outlier values being substituted by interpolated 

representations of those values, e.g., by averaging the neighboring prediction error 

values. At 430, the modified prediction error signals are transform decoded back to 

the spatial domain. At 440, spatial coding is applied (involving quantization and 

entropy coding without transform) to the difference between the original outlier 

values and the transform decoded outlier values. At 450, the final coded 

representation of the prediction error signal is formed by joining the transform coded 

data and the spatial coded data. In an alternative embodiment, the spatial coding 

occurs before transform coding. 

[0030] When considering the one-dimensional example depicted in Figures 2(a)-

2( c ), the algorithm outlined in Figure 4 would process the relevant data as follows. 

As discussed previously, Figure 2(a) represents the difference signal [1 1 3 1] to be 

coded. In this case, [3] is an outlier. Therefore, the prediction error signal is modified 

by substituting the [3] with an average of the second and fourth samples, making the 

signal [1 1 1 1]. The difference between the original outlier sample ([3]) and the 

transform coded outlier value ([ 1]) is then spatial coded, making the spatial coded 
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signal [O O 2 O]. The entropy coded representations of the transform coded and spatial 

coded signals are then written to the bitstream. Thereafter, the decoder can recover 

the coded signal by adding up the inverse transformed data [ 1 1 1 1] and the inverse 

spatial coded data [O O 2 O] (together with the prediction samples of the image block). 

[0031] When considering the above example, it is important to note that the choice 

of Hadamard basis vectors for the transform is only intended to be exemplary in 

nature. In fact, the various methods and techniques described herein can be applied to 

any transform employing basis functions, and the basis functions do not necessarily 

need to be orthogonal. 

[0032] A video or image codec, according to various embodiments the present 

invention, can be implemented in various ways. In the case of an encoder, the 

encoder can use different strategies to find the desired transform coefficients and 

spatial samples. For example, an encoder can first transform code the signal and 

apply spatial coding to the residual. The encoder can also first apply spatial coding to 

the signal, followed by transform coding of the residual. Additionally, some or all of 

the transform coefficients can be set to zero in order to improve the coding 

performance. Some or all spatial samples can also be set to zero in order to improve 

the coding performance. An encoder can also iteratively modify transform 

coefficients and/or spatial samples in order to improve the coding performance until a 

desired performance or a maximum defined number of iterations is achieved. 

[0033] In terms of quantization and dequantization, the quantization and 

dequantization of transform coefficients and spatial samples can be tied together (e.g., 

a quantization step size for both transform coefficients and spatial samples can be 

derived from a single parameter). Alternatively, different quantizations and 

dequantizations can be applied to transform coefficients and spatial samples. 

[0034] For the coding and decoding of spatial samples, such coding and decoding 

can depend on transform coefficients and vice versa. Alternatively, the coding and 

decoding of spatial samples, transform coefficients or both can depend on the 

prediction signal, on the other transform coefficients and spatial samples in the same 

image or in other images. 
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[0035] In addition to the above, it can be indicated that there are no transform 

coefficients or spatial samples for a specific image area or image. It can also be 

indicated that only spatial coding or only transform coding is used for a specific 

image area or image. The number of spatial samples can be coded and decoded as 

one unit, for example representing certain patterns of textures. Pre- and/or post­

processing mechanisms can be applied to the prediction signal, prediction error signal 

reconstructed signal or any combination thereof. The method can be used to code and 

decode other information instead or in addition to the prediction error signals. The 

codec can limit the usage of either transform coefficients (e.g., allow only low 

frequency transform coefficients to be present in the coded representation of the 

signal) or spatial samples. 

[0036] Figure 5 shows a decoding process according to various embodiments of the 

present invention. At 500 in Figure 5, a video decoder receives a coded prediction 

error signal which comprises both transformed coefficients and spatial samples. At 

510, both the transformed coefficients and the spatial samples are decoded. At 520, 

the decoded transform information, the decoded spatial information and reconstructed 

prediction of the image block are added together to form decoded representation of 

the image block. 

[0037] Figure 6 is a block diagram of a video decoder constructed in accordance 

with one embodiment of the present invention. As shown in Figure 6, entropy 

decoding 600 is followed by both prediction error decoding 602 and pixel prediction 

604. In prediction error decoding 602, in addition to an inverse transform 606 and 

inverse quantization 608, an inverse spatial quantizer 610 is used as discussed herein, 

ultimately resulting in a reconstructed prediction error signal 612. For pixel 

prediction 604, either intra-prediction or inter-prediction occurs at 614 to create a 

predicted representation of an image block 616. The predicted representation of the 

image block 616 is used in conjunction with the reconstructed prediction error signal 

612 to create a preliminary reconstructed image 618, which in turn can be used both 

for prediction 614. Once all of the image blocks have been processed, the preliminary 

reconstructed image 618 is passed for filtering 620. The filtered image can also be 

stored in reference frame memory 624, making it usable for prediction 614 as well. 
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[0038] Figure 7 shows a system 10 in which various embodiments of the present 

invention can be utilized, comprising multiple communication devices that can 

communicate through one or more networks. The system 10 may comprise any 

combination of wired or wireless networks including, but not limited to, a mobile 

telephone network, a wireless Local Area Network (LAN), a Bluetooth personal area 

network, an Ethernet LAN, a token ring LAN, a wide area network, the Internet, etc. 

The system 10 may include both wired and wireless communication devices. 

[0039] For exemplification, the system 10 shnwn in Figure 7 includes a mobile 

telephone network 11 and the Internet 28. Connectivity to the Internet 28 may 

include, but is not limited to, long range wireless connections, short range wireless 

connections, and various wired connections including, but not limited to, telephone 

lines, cable lines, power lines, and the like. 

[0040] The exemplary communication devices of the system 10 may include, but 

are not limited to, an electronic device 50, a combination personal digital assistant 

(PDA0 and mobile telephone 14, a PDA 16, an integrated messaging device (IMD) 

18, a desktop computer 20, a notebook computer 22, etc. The communication devices 

may be stationary or mobile as when carried by an individual who is moving. The 

communication devices may also be located in a mode of transportation including, but 

not limited to, an automobile, a truck, a taxi, a bus, a train, a boat, an airplane, a 

bicycle, a motorcycle, etc. Some or all of the communication devices may send and 

receive calls and messages and communicate with service providers through a 

wireless connection 25 to a base station 24. The base station 24 may be connected to 

a network server 26 that allows communication between the mobile telephone 

network 11 and the Internet 28. The system 10 may include additional 

communication devices and communication devices of different types. 

[0041] The communication devices may communicate using various transmission 

technologies including, but not limited to, Code Division Multiple Access (CDMA), 

Global System for Mobile Communications (GSM), Universal Mobile 

Telecommunications System (UMTS), Time Division Multiple Access (TDMA), 

Frequency Division Multiple Access (FDMA), Transmission Control 

Protocol/Internet Protocol (TCP/IP), Short Messaging Service (SMS), Multimedia 
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Messaging Service (MMS), e-mail, Instant Messaging Service (IMS), Bluetooth, 

IEEE 802.11, etc. A communication device involved in implementing various 

embodiments of the present invention may communicate using various media 

including, but not limited to, radio, infrared, laser, cable connection, and the like. 

[0042] Figures 8 and 9 show one representative electronic device 50 within which 

the present invention may be implemented. It should be understood, however, that the 

present invention is not intended to be limited to one particular type of device. The 

electronic device 50 of Figures 8 and 9 includes a housing 30, a display 32 in the form 

of a liquid crystal display, a keypad 34, a microphone 36, an ear-piece 38, a battery 

40, an infrared port 42, an antenna 44, a smart card 46 in the form of a UICC 

according to one embodiment of the invention, a card reader 48, radio interface 

circuitry 52, codec circuitry 54, a controller 56 and a memory 58. Individual circuits 

and elements are all of a type well known in the art, for example in the Nokia range of 

mobile telephones. 

[0043] The various embodiments of the present invention described herein is 

described in the general context of method steps or processes, which may be 

implemented in one embodiment by a computer program product, embodied in a 

computer-readable medium, including computer-executable instructions, such as 

program code, executed by computers in networked environments. Generally, 

program modules may include routines, programs, objects, components, data 

structures, etc. that perform particular tasks or implement particular abstract data 

types. Computer-executable instructions, associated data structures, and program 

modules represent examples of program code for executing steps of the methods 

disclosed herein. The particular sequence of such executable instructions or 

associated data structures represents examples of corresponding acts for implementing 

the functions described in such steps or processes. 

[0044] Software and web implementations of various embodiments of the present 

invention can be accomplished with standard programming techniques with rule­

based logic and other logic to accomplish various database searching steps or 

processes, correlation steps or processes, comparison steps or processes and decision 

steps or processes. It should be noted that the words "component" and "module," as 
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used herein and in the following claims, is intended to encompass implementations 

using one or more lines of software code, and/or hardware implementations, and/or 

equipment for receiving manual inputs. 

[0045] The foregoing description of embodiments of the present invention have 

been presented for purposes of illustration and description. The foregoing description 

is not intended to be exhaustive or to limit embodiments of the present invention to 

the precise form disclosed, and modifications and variations are possible in light of 

the above teachings or may be acquired from practice of various embodiments of the 

present invention. The embodiments discussed herein were chosen and described in 

order to explain the principles and the nature of various embodiments of the present 

invention and its practical application to enable one skilled in the art to utilize the 

present invention in various embodiments and with various modifications as are 

suited to the particular use contemplated. 
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WHAT IS CLAIMED IS: 

1. A method of encoding a prediction error signal for a block of data, 

2 compnsmg: 

3 calculating a difference signal representing differences between sample 

4 values of a predicted block of data and values for an original input block; 

5 performing transform coding to the difference signal, thereby creating 

6 a first representation of a first component of the difference signal; 

7 performing spatial coding to the difference signal, thereby creating a 

8 second representation of a first component of the difference signal; and 

g joining the first and second representations. 

2. The method of claim 1, further comprising, before performing 

2 transform coding and spatial coding, substituting outlier values in the difference 

3 signal with non-outlier values to create a modified prediction error signal. 

3. The method of claim 2, wherein transform coding is applied to the 

2 modified prediction error signal and spatial coding is applied to a residual thereof. 

4. The method of claim 2, wherein spatial coding is applied to the 

2 modified prediction error signal and transform coding is applied to a residual thereof. 

5. The method of claim 1, wherein, for transform coding, at least one 

2 transform coefficient is set to zero. 

6. The method of claim 1, wherein, for spatial coding, at least one spatial 

2 sample is set to zero. 

7. The method of claim 2, wherein the non-outlier values used to replace 

2 the outlier values comprise an average of neighboring prediction error values. 

8. The method of claim 1, further comprising providing an indication that 

2 no transform coefficients exist in the block of data if appropriate. 
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9. The method of claim 1, further comprising providing an indication that 

2 no spatial samples exist in the block of data if appropriate. 

10. The method of claim 1, wherein for the transform coding, a transform 

2 coefficient is formed, the transform coefficient comprising a weighting coefficient of 

3 a discrete transform basis vector. 

11. The method of claim 10, wherein the discrete transform comprises a 

2 discrete orthogonal transform. 

12. A computer program product, embodied in a computer-readable 

2 medium, comprising computer code configured to perform the implemented the 

3 processes of claim 1. 

2 

3 

13. 

4 compnsmg: 

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to a controller and 

5 computer code for performing transform coding to the 

6 difference signal, thereby creating a first representation of a first component of the 

7 difference signal; 

8 computer code for performing spatial coding to the difference 

g signal, thereby creating a second representation of a first component of the difference 

10 signal; and 

11 computer code for joining the first and second representations. 

14. The apparatus of claim 13, wherein the memory unit further comprises 

2 computer code for, before performing transform coding and spatial coding, 

3 substituting outlier values in the difference signal with non-outlier values to create a 

4 modified prediction error signal. 
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15. The apparatus of claim 14, wherein transform coding is applied to the 

2 modified prediction error signal and spatial coding is applied to a residual thereof. 

16. The apparatus of claim 14, wherein spatial coding is applied to the 

2 modified prediction error signal and transform coding is applied to a residual thereof. 

17. The apparatus of claim 13, wherein, for transform coding, at least one 

2 transform coefficient is set to zero. 

18. The apparatus of claim 13, wherein, for spatial coding, at least one 

2 spatial sample is set to zero. 

19. The apparatus of claim 13, wherein the non-outlier values used to 

2 replace the outlier values comprise an average of neighboring prediction error values. 

20. The apparatus of claim 13, further comprising providing an indication 

2 that no transform coefficients exist in the block of data if appropriate. 

21. The apparatus of claim 13, further comprising providing an indication 

2 that no spatial samples exist in the block of data if appropriate. 

22. A method of decoding a prediction error signal for a block of data, 

2 compnsmg: 

3 receiving a coded prediction error signal, the coded prediction error 

4 signal including a plurality of transform coefficients and a plurality of spatial samples; 

5 decoding the plurality of transformed coefficients into decoded 

6 transform information; 

7 decoding the plurality of spatial samples into decoded spatial 

8 information; and 

9 adding the decoded transform information, the decoded spatial 

10 information, and a reconstructed prediction of the block of data, thereby forming a 

11 decoded representation of the block of data. 
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23. The method of claim 22, wherein an indication is provided that no 

2 transform coefficients exist in the block of data if appropriate. 

24. The method of claim 22, wherein an indication is provided that that no 

2 spatial samples exist in the block of data if appropriate. 

25. The method of claim 22, wherein the decoding of the plurality of 

2 transformed coefficients and spatial samples includes dequantization of each, and 

3 wherein the dequantization of transformed coefficients and spatial samples are related 

4 to each other. 

26. The method of claim 22, wherein the decoding of the plurality of 

2 transformed coefficients and spatial samples includes dequantization of each, and 

3 wherein the dequantization of transformed coefficients and spatial samples are 

4 different from each other. 

27. The method of claim 22, wherein the decoding of the spatial samples is 

2 dependent upon the decoding of the transformed coefficients. 

28. The method of claim 22, wherein the decoding of the transformed 

2 coefficients is dependent upon the decoding of the spatial samples. 

29. The method of claim 22, wherein at least some of the plurality of 

2 spatial samples are decoded as a single unit. 

30. A computer program product, embodied in a computer-readable 

2 medium, comprising computer code configured to perform the processes of claim 19. 

2 

3 

31. 

4 including: 

DLMR_ 485489.1 

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to the processor and 

-17-

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000029



Atty. Dkt. No.: 037145-7826 
(NC60080US) 

5 computer code for processing a received coded prediction error 

6 signal, the coded prediction error signal including a plurality of transformed 

7 coefficients and a plurality of spatial samples; 

8 computer code for decoding the plurality of transformed 

g coefficients into decoded transform information; 

10 computer code for decoding the plurality of spatial samples into 

11 decoded spatial information; and 

12 computer code for adding the decoded transform information, 

13 the decoded spatial information, and a reconstructed prediction of the block of data, 

14 thereby forming a decoded representation of the block of data. 

32. The apparatus of claim 31, wherein an indication is provided that no 

2 transform coefficients exist in the block of data if appropriate. 

3 3. The apparatus of claim 31, wherein an indication is provided that that 

2 no spatial samples exist in the block of data if appropriate. 

34. The apparatus of claim 31, wherein the decoding of the plurality of 

2 transformed coefficients and spatial samples includes dequantization of each, and 

3 wherein the dequantization of transformed coefficients and spatial samples are related 

4 to each other. 

35. The apparatus of claim 31, wherein the decoding of the plurality of 

2 transformed coefficients and spatial samples includes dequantization of each, and 

3 wherein the dequantization of transformed coefficients and spatial samples are 

4 different from each other. 

36. The apparatus of claim 31, wherein the decoding of the spatial samples 

2 is dependent upon the decoding of the transformed coefficients. 

3 7. The apparatus of claim 31, wherein the decoding of the transformed 

2 coefficients is dependent upon the decoding of the spatial samples. 
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3 8. The apparatus of claim 31, wherein at least some of the plurality of 

2 spatial samples are decoded as a single unit. 

39. A method of encoding a prediction error signal for a block of data, 

2 compnsmg: 

3 calculating a difference signal representing differences between sample 

4 values of a predicted block of data and values for an original input block; 

5 substituting outlier values in the difference signal with non-outlier 

6 values to create a modified prediction error signal; 

7 performing one of transform coding and spatial coding to the modified 

8 prediction error signal, creating one of a transform coded data and spatial coded data 

9 performing an inverse of the one of transform coding and spatial 

10 coding; 

11 applying the other of transform coding and spatial coding to a residual 

12 from the inverse transform or spatial decoding, creating the other of transform coded 

13 data and spatial coded data; and 

14 joining the transform coded data and the spatial coded data. 
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A system and method for improving prediction error coding performance of various 

video compression algorithms. Various embodiments combine the energy 

compaction features of transform coding with localization properties of spatial 

5 coding. In various embodiments, the effects of pixel "outliers" are removed from the 

transform and are coded separately as a spatially coded pixel prediction, thereby 

improving the coding gain of the transform. 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary 
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the 
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due 
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement 
Receipt will establish the international filing date of the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

12/101,019 

30542 

FILING or 
37l(c)DATE 

04/10/2008 

FOLEY & LARDNER LLP 
P.O. BOX 80278 
SAN DIEGO, CA 92138-0278 

GRPART 
UNIT 

2621 
FIL FEE REC'D 

2530 

UKITED STATES DEPARTME.\IT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, V:irgmia 22313-1450 
\V½w.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

037145-7826 39 5 
CONFIRMATION NO. 7368 

FILING RECEIPT 

1111111111111111111111 ll]~!l~!~l!~l!~l!~H!!Hl 11111111111111111111111 

Date Mailed: 04/29/2008 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
write to the Office of Initial Patent Examination's Filing Receipt Corrections. Please provide a copy of this 
Filing Receipt with the changes noted thereon. If you received a "Notice to File Missing Parts" for this 
application, please submit any corrections to this Filing Receipt with your reply to the Notice. When the 
USPTO processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the 
requested corrections 

Applicant(s) 
Jani Lainema, Tampere, FINLAND; 

Assignment For Published Patent Application 
Nokia Corporation 

Power of Attorney: None 

Domestic Priority data as claimed by applicant 
This appln claims benefit of 60/911,480 04/12/2007 

Foreign Applications 

If Required, Foreign Filing License Granted: 04/28/2008 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 12/101,019 

Projected Publication Date: To Be Determined - pending completion of Missing Parts 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

SPATIALLY ENHANCED TRANSFORM CODING 

Preliminary Class 

375 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
UKITED STATES DEPARTME.\IT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, V:irgmia 22313-1450 
\V½w.uspto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

12/101,019 

30542 

04/10/2008 Jani Lainema 037145-7826 
CONFIRMATION NO. 7368 

FORMALITIES LETTER 
FOLEY & LARDNER LLP 
P.O. BOX 80278 
SAN DIEGO, CA 92138-0278 

1111111111111111111111 ll]~!l~!~l!~l!~l!~H!!I) ,111111111111111111111111 

Date Mailed: 04/29/2008 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by 
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is unsigned. 

Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/rerry/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PTOISBI06 (12-04) 

Filing Date: 04/10/08 Approved for use through 713112006. 0MB 0651-0032 
c:....__--=-- U.S. Patent and Trademark Office; l,J.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Re~ Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PT0-875 12/101.019 

APPLICATION AS FILED- PART I OTHER THAN 
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 
BASIC FEE 

NIA N/A N/A NIA 310 (37 CFR 1.16(a), (b), or (c)) 
SEARCH FEE 

N/A NIA NIA NIA 510 (37 CFR 1.16(k), (i), or (m)) 
EXAMINATION FEE 

N/A NIA NIA NIA 210 (37 CFR 1.16(0), (p), or(q)) 
TOTAL CLAIMS 39 19 X$ 25 X$50 950 (37 CFR 1.16(i)) minus 20 = OR 
INDEPENDENT CLAIMS 5 * 2 X$105 X$210 420 (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $260 ($130 for small entity) for each additional 

(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 
35 u.s.c. 41(a)(1)(G) and 37 CFR 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.160)) 185 370 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL 0 TOTAL 2400 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST ADDI- ADDI-REMAINING NUMBER PRESENT 
<( AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL ,_ 

AMENDMENT PAID FOR 
FEE($) FEE($) 

z 
w Total . .. OR 
:E Minus = X = X = 
C (37 CFR 1.16(i)) 
z Independent * Minus ... = = = w X X 
:E (37 CFR 1. 16(h)l OR 
<( Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16U)) NIA OR N/A 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 

(Column 1) (Column 2) (Column 3) OR 

CLAIMS HIGHEST ADDI- ADDI-
REMAINING NUMBER PRESENT 

·al AFTER PREVIOUSLY EXTRA RATE($) TIONAL RATE($) TIONAL 
I- AMENDMENT PAID FOR 

FEE($) FEE($) 
z 
w Total OR :E . Minus .. = X = X = 
C (37 CFR 1.16(i)) 
z Independent w . Minus ... = X = X = 2 (37 CFR 1.16(h)l OR 
<( Application Size Fee (37 CFR 1.16(s)) 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) NIA OR N/A 

TOTAL 
OR 

TOTAL 
ADD'T FEE ADD'T FEE 

• If the entry in column 1 is less than the entry in column 2, write 'O" in column 3. .. If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter ·20· . ... If the 'Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter '3' . 
The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (a.nd by the 

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, 

including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 

on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Paten· 

and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Atty. Dkt. No. 03 7145-7826 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Jani Lainema 

Title: SPATIALLY ENHANCED 
TRANSFORM CODING 

Appl. No.: 12/101019 

Filing Date: 4/10/2008 

Examiner: Unassigned 

Art Unit: 2621 

Confirmation 7368 
Number: 

TRANSMITTAL OF MISSING PARTS 
OF PATENT APPLICATION 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 
In response to the Notice to File Missing Parts of Application mailed April 29, 2008, 

in the above-identified patent application, transmitted herewith are the missing parts to 

complete the filing of the subject patent application. 

DLMR_528823.1 

Enclosed are: 

[ X] Declaration and Power of Attorney (3 pages) 

Any attached specification is a copy of the specification and 

any amendments thereto which were filed in the U.S. Patent 

and Trademark Office in order to obtain a filing date for the 

application. 

[ ] Return Copy of Notice to File Missing Parts 

[ ] Translation 

-1-
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Atty. Dkt. No. 03 7145-7826 

[ ] Drawings 

[ ] Preliminary Amendment 

[ ] Claim for Convention Priority and certified copy of priority documents 

[ ] Information Disclosure Statement 

[ ] Applicant hereby petitions for an extension of time under 3 7 C.F .R. § 1.136( a) 

for the total number of months checked below: 

[ ] Extension for response filed within the first month 

[ ] Extension for response filed within the second month 

[ ] Extension for response filed within the third month 

[ ] Extension for response filed within the fourth month 

[ ] Extension for response filed within the fifth month 

The adjustment to the number of sheets for EFS-Web filing follows: 

Number 
of Sheets 

EFS-Web 
Adjustment 

75% 

Number of Sheets for EFS-Web 

29 X 

The filing fee is calculated below: 

Claims 
as Filed 

Included 
Ill 

Basic Fee 

22 

Extra Claims 

Basic Filing Fee, Search Fee & Examination Fee 
Size Fee 22 100 0 
Total 39 20 19 
Claims: 
Independ 5 3 2 
ents: 
If any Multiple Dependent Clairn(s) present: 
Surcharge under 37 CFR 1.16(-f) for late filing of 
Executed Declaration 

Extension fee for response filed within 
the MONTH month: 

Rate 

$1,030.00 
X $260.00 
X 

$50.00 

X 
$210.00 

+ $370.00 
+ $130.00 

+ 

SUBTOTAL: 
[ ] Small Entity Fees Apply (subtract½ of above): 

Basic Filing Fee Reduction for Filing via EFS-Web 
TOT AL FILING FEE: 

Processing Fee under 37 CFR 1.17(i) for Late Filing + $130.00 

DLMR_528823.1 -2-

Fee 
Totals 

$1,030.00 
$0.00 

$950.00 

$420.00 

$0.00 

$130.00 

$0.00 

$2,530.00 
0 

$0.00 
$2,530.00 

$0.00 
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Atty. Dkt. No. 03 7145-7826 

of English Translation of Application: 
TOTAL FEE = $2,530.00 

Difference to pay: $2,530.00 $0.00 
If any extensions of time are needed for timely acceptance of papers submitted 

herewith, applicant hereby petitions for such extension under 37 C.F.R. § 1.136 and authorizes 

payment of any such extensions fees to Deposit Account No. 19-07 41. 

Date ___ J_u_n_e_3_0_.,....__2_0_0_8 _____ _ 

FOLEY & LARDNER LLP 
Customer Number: 30542 
Telephone: (858) 847-6735 
Facsimile: (858) 792-6773 

DLMR_528823.1 -3-

Respectfully submitted, 

By ____ /G_.P_e_t_e_r_A_l_b_er_t_J_r_./ ____ _ 

G. Peter Albert Jr. 
Attorney for Applicant 
Registration No. 37,268 
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Atty. Dkt. No. 037145-7826 

DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I HEREBY DECLARE: 

THAT my residence, post office address, and citizenship are as stated below next to 
my name; 

THAT I believe I am the original, first, and sole inventor (if only one inventor is 
named below) or an original, first, and joint inventor (if plural inventors are named below or 
in an attached Declaration) of the subject matter which is claimed and for which a patent is 
sought on the invention entitled 

SPATIALLY ENHANCED TRANSFORM CODING 

(Attorney Docket No. 037145-7826) 

the specification of which ( check one) 

is attached hereto. 

X was filed on April I 0, 2008 as United States Application 
Number 12/101 019 

THAT I do not know and do not believe that the same invention was ever known or 
used by others in the United States of America, or was patented or described in any printed 
publication in any country, before I (we) invented it; 

THAT I do not know and do not believe that the same invention was patented or 
described in any printed publication in any country, or in public use or on sale in the United 
States of America, for more than one year prior to the filing date of this United States 
application; 

THAT I do not know and do not believe that the same invention was first patented or 
made the subject of an inventor's certificate that issued in any country foreign to the United 
States of America before the filing date of this United States application if the foreign 
application was filed by me (us), or by my (our) legal representatives or assigns, more than 
twelve months (six months for design patents) prior to the filing date of this United States 
application; 

THAT I have reviewed and understand the contents of the above-identified 
specification, including the claim(s), as amended by any amendment specifically referred to 
above; 

THAT I believe that the above-identified specification contains a written description 
of the invention, and of the manner and process of making and using it, in such full, clear, 
concise, and exact terms as to enable any person skilled in the art to which it pertains, or with 

DLMR_ 487099.1 Page I of3 
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Atty. 0kt. No. 037145-7826 

which it is most nearly connected, to make and use the invention, and sets forth the best mode 
contemplated by me of carrying out the invention; and 

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 3 7, Code of 
Federal Regulations, § 1.56. 

I HEREBY CLAIM foreign priority benefits w1der Title 35, United States Code 
§ l I 9(a)-(d) or§ 365(b) of any foreign application(s) for patent or inventor's certificate, or 
§365(a) of any PCT international application which designated at least one country other than 
the United States of America, listed below and have also identified below any foreign 
application for patent or inventor's certificate or of any PCT international application having 
a filing date before that of the application on which priority is claimed. 

Prior Foreign 
Priority 

Certified 
Application 

Country Foreign Filing Date Claimed? 
Copy 

Number Attached? 

I HEREBY CLAIM the benefit under Title 35, United States Code § l l 9(e) of any 
United States provisional application(s) listed below. 

U.S. Provisional Application Number Filing Date 

60/911,480 4/12/2007 

I HEREBY CLAIM the benefit under Title 35, United States Code, § 120 of any 
United States application(s), or§ 365(c) of any PCT international application designating the 
United States of America, listed below and, insofar as the subject matter of each of the claims 
of this application is not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of Title 35, United States Code,§ 112, I 
acknowledge the duty to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations,§ l.56 which became available between the filing date 
of the prior application and the national or PCT international filing date of this application. 

l U.S. Parent PCT Parent Parent Parent 
Application Number Application Number Filing Date Patent Number 

DLMR_ 487099.1 Page 2 of3 
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Atty. Dkt. No. 037145-7826 

l HEREBY APPOlNT the registered attorneys and agents at Customer Number 

30542 

to have full power to prosecute this application and any continuations, divisions, 
reissues, and reexaminations thereof, to receive the patent, and to transact all business in the 
United States Patent and Trademark Office connected therewith. 

I request that all correspondence be directed to: 

G. Peter Albert Jr. 
FOLEY & LARDNER LLP 
Customer Number: 30542 

Telephone: 
Facsimile: 

(858) 847-6735 
(858) 792-6773 

l UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed 
by me to prosecute this application do not personally represent me or my legal interests, but 
instead represent the interests of the legal owner(s) of the invention described in this 
application. 

I FURTHER DECLARE THAT all statements made herein ofmy 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 100 l of Title 
18 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 

Name of first inventor 

Residence 

Citizenship Country 

Post Office Address 

lnventor's signature 

Date 

DLMR_ 487099.1 

Jani Lainema 

Tampere, Finland 

Finland 

Kisakentakatu 12 B 6 
Tampere 
FlN-33230 
finlan1 

Page3of3 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000057



Electronic Acknowledgement Receipt 

EFSID: 3546015 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 30542 

Filer: Glenn Peter Albert Jr.I Jessica Harvey 

Filer Authorized By: Glenn Peter Albert Jr. 

Attorney Docket Number: 037145-7826 

Receipt Date: 30-JUN-2008 

Filing Date: 1 0-APR-2008 

Time Stamp: 19:53:07 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document Document Description File Name File Size(Bytes) Multi Pages 
Number /Message Digest Part /.zip (if appl.} 

107440 

1 Miscellaneous Incoming Letter 
7826-M issing Parts Transm itt 

no 3 al-30JUN2008.pdf 
f73fbbc350cc987f59b475f2acfd9d218c 

217bf3 

Warnings: 

Information: 
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164318 

2 Oath or Declaration filed 
7826-ExecutedDecPOA-30J 

3 
UN2008.pdf 

no 
21 0c11 a65859b7c84230c3e406b314b 

d0f85e1d2 

Warnings: 

Information: 

Total Files Size (in bytes): 271758 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt 
similar to a Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date 
shown on this Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions 
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the 
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, 
in due course. 

New International Agglication Filed with the USPTO as a Receiving Office 
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Abstract: Motion-compensated interframe trans­
form coding has been recommended as an efficient 
method of coding image sequences at low bit 
rates. The paper considers the effect of employing 
a variety of different transform and motion com­
pensation techniques on the operation of the algo­
rithm and also the interrelation between the 
predictive and transform parts of the scheme in 
terms of the spectral properties of the signal to be 
transformed. It is shown that, for a wide variety of 
source material, there is a complex interaction 
between the specific transform and motion com­
pensation scheme employed, and that the effi­
ciency of the motion-compensated predictive 
operation strongly influences the performance of 
the subsequent transform step. 

1 Introduction 

In recent years there has been much activity in the field 
of low bit-rate image coding, a primary objective being to 
achieve good quality reproduction of head and shoulder 
sequences at a rate of 64 lc:b/s for videophone applica­
tions. For the coding of still pictures, exhaustive tests and 
comparisons have shown that two-dimensional intra­
frame coding using the discrete cosine transform (DCT) is 
the most effective technique which is at the moment 
mature enough for practical applications [I]. For coding 
image sequences, present opinion favours the same intra­
frame operation carried out on frames which are con­
structed by taking pointwise differences between the 
picture element values in consecutive frames and those in 
a set of corresponding prediction frames formed through 
the operation of a conventional predictive coding loop. 
Such a system nowadays almost always includes a 
motion compensation operation which significantly 
reduces the variance of the error signal so produced. 
Owing to the differencing and motion compensation 
operations, however. the inter-element correlation of the 
frame to be transform coded is also greatly decreased, 
and this has led several workers to question the efficiency 
of the following transform process. 

This paper briefly reviews the basic structure of the 
predictive coding mechanism and gives measurements for 
several different image sources and motion compensation 
algorithms that confirm the efficacy of the system in 
terms of the reduction in the variance of the error 

Paper 88001 (E4), first received 3rd Ju11e and in revised form 16th 
Da:cmberl991 
The author is with the Department of Electrical and Electronic Engin­
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(difference) signal. Three different transform operations 
are introduced into the coding algorithm, and compari­
sons again made for different types of input material and 
motion compensation technique. While it is to be 
expected that coding results will vary with source 
material the measurements also indicate, in the present 
application, clear differences in the efficiencies of the par­
ticular motion compensation algorithms used. Depending 
on the source material employed, in some cases the type 
of transform used has an influence on the results also. It 
is concluded, therefore, that the use of the discrete cosine 
transform, together with motion compensation using the 
block matching technique does produce the best results, 
if only by a small margin, for the motion-compensated 
hybrid coding operation as formulated in the draft stan­
dard [2]. Finally, to gain more insight into the mutual 
influence of motion compensation and transform oper­
ations, spectral domain characteristics are examined in 
each case in terms of the so-called 'spectral flatness' 
measure, which indicates in an information-th~oretic 
sense how easy any given spectral distribution will be to 
code. These results serve to confirm, in general, the view 
that an efficient motion compensation scheme produces a 
significant amount of spectral flattening of the interframe 
difference signal and seriously reduces any marked degree 
of coding gain which would otherwise be introduced by 
the subsequent transform coding operation. 

2 The difference frame and motion compensation 

The basic predictive coding loop is shown in Fig. 1. In 
the simplest case, the prediction for an element in the 

0 
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MC 

Fig. 1 Predictive coding wiihforward acting motion rompe,untion 

I video input 
0 output to channel coder 
Q quantiser 
P predictor 
MC motion compensation 
V displacxment vectors 
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present frame is just the value of the element at the same 
location in the previously reconstructed frame (this 
having been produced by adding the previous prediction 
error to the reconstructed frame before that, and so on). 
When motion compensation is included, the prediction 
will not necessarily be the value at the same location in 
the previous frame but at such a location as to minimise 
some function of the error signal. Depending on the type 
of motion compensation used, displacement vectors may 
need to be transmitted to the decoder, as shown in the 
diagram. 

Intuitively, one might propose three properties of the 
(motion compensated) difference signal which may subse­
quently require confirmation. First, since even image 
sequences which contain significant amounts of motion 
also have large areas in which motion is minimal or even 
absent, one expects the energy (mean square value) of the 
difference signal to be only a small fraction of that of the 
input signal itself. Secondly, since the function of the 
motion compensation algorithm is to produce a better 
prediction (i.e. one whose value is closer to that being 
predicted than otherwise would be the case), its inclusion 
should result in a further significant drop in the predic• 
tion error (difference signal) energy. (These two proposi­
tions will be seen to be amply borne out by experiment.) 
Thirdly, the difference signal will have, at least in part, a 
fragmentary or ill-defined contour and this will have con­
sequences for its efficient coding in the spectral domain. 
Furthermore, these properties will be intensified by the 
inclusion of an efficient motion compensation scheme 
which will reduce the difference image to a structure con­
sisting of fine, broken, lines. 

Many motion estimation/compensation schemes have 
been described in the literature over the past 10-15 years 
(for a brief review see Reference 3). The present study 
compares the following algorithms: 

(a) block-matching using the mean absolute error cri­
terion [2] 

(b) a Wiener estimator-based pel-recursive technique 
[4] 

(c) an hierarchical technique based on a pyramid struc­
ture [5] 

with the results obtained when no motion compensation 
is used. In brief, the block-matching technique searches 
over a predefined window in the previous frame for a 
minimum in the mean absolute difference between a 
block in the present frame and its counterpart in the 
search window. One motion vector is so determined per 
(typically) 8 x 8 block and is transmitted to the decoder 
as in Fig. 1. The pel-recursive algorithm operates on a 
single element (or small block of elements) and attempts 
to minimise the interframe difference signal by one of a 
number of gradient search techniques. In a similar way, 
the pyramid approach carried out a coarse/fine search 
aver successive levels of the pyramid at different 
resolutions: 16 x 16, 64 x 64, 256 x 256 (i.e. single 
picture-element level), using values obtained at a higher 
level as initial values for the lower level (higher 
resolution) searches. 

Table 1 lists the various energy terms for the four dif­
ferent motion compensation possibilities when applied to 
three different commonly used images (256 x 256, quan­
tised with 8 bit resolution). MISSA (Miss America) is a 
relatively low contrast source, somewhat noisy and with 
a small degree of motion; CLAIRE is a high contrast 
substantially noise-free image with a moderate amount of 
motion, while TREVOR has rather better contrast than 

IEE PROCEEDINGS-I, Vol.139, No. 3, JUNE 1991 

MlSSA but contains substantial degrees of motion. Table 
2 contains corresponding entropy values. The first two 
conjectures advanced are well demonstrated by the mea-

Table 1 ; Average date and difference signal energy/element 
for various image sources and motion compensation 
schemes 

Image Data Difference signal 

(a) (b) (c) (d) 

M!SSA 5668 17.2 9.4 11.1 8.4 
CLAIRE 14393 153.3 35.3 58.4 30.5 
TREVOR 6445 73.8 19.2 22.6 17,7 

(a) No motion compensation 
(b) Block matching 
(c) Pel recursion 
(d) Pyramid scheme 

Table 2: Entropy values (bits per elemenT) for the com­
binations detailed in Table 1 

Image Data Difference signal 

(a) (b) (c) (d) 

MISSA 5.86 3.93 3.46 3.64 3.33 
CLAIRE 6.62 3.81 3.31 3.43 3.05 
TREVOR 6.513 4.02 3.52 3.51 3.40 

(a) No motion compensation 
(b) Block matching 
(c) Pel recursion 
(d} Pyramid scheme 

surements: roughly speaking difference signal energies 
are no more than approximately l % of their counter­
parts in the data domain. Inclusion of motion com­
pensation brings a further energy reduction by a factor 
of, on average, just over three. As far as entropy values 
are concerned, the derivation of difference values from 
originally highly correlated data brings, as is well known, 
a significant reduction, together with the characteristic· 
very highly peaked distribution. Even without motion 
compensation., for example, the difference signal distribu­
tion for CLAIRE shows that only 10% of the element 
values lie outside the range ± 12. In all cases the entropy 
is now approximately 4 bits per sample, and motion com­
pensation brings a further reduction., on average, of just 
over 0.5 bit per sample. There is no question, therefore, 
that motion compensation of any form, and over a wide 
range of data types, will improve the perfonnance of a 
predictive coding scheme as applied to image sequences. 

3 Hybrid coding 

Hybrid predictive/transform coding has an extensive 
history as an image coding technique in one of three pos­
sible formats: first, as an intraframe operation in which 
successive lines of an image frame are transformed and 
the coefficients obtained subsequently predictively coded 
in a vertical direction [ 6]; second as an interframe oper­
ation in which successive frames are subjected to a two­
dimensional block transform and coefficients predictively 
coded along the temporal axis; and third, since motion 
compensation is a more complicated operation in the 
transform domain, in the format that has been adopted 
for the draft picturephone standard [2] and is discussed 
here - intraframe two-dimensional block coding of the 
interframe (motion compensated) difference signal. The 
equivalent intra.frame operation, with a one-dimensional 
predictive coding procedure carried out in a vertical 
direction prior to transformation of the resulting error 
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signal, does not seem to have been reported, although it 
is important to point out that, since transformation is a 
linear operation, in the absence of quantisation effects 
transformation of a difference signal and taking the dif­
ference between transforms of successive data segments 
are equivalent (see Reference 7 for a more extended 
discussion). 

The coding algorithm studied here is shown in Fig. 2 
and forms the basis (with many added refinements) of the 

0 

V 
MC 

Fig. 2 Hybrid interframe transform coding withfarward acting nwcion 
compensation 
As F1g. I bul wi1h 
T forward transform 
r- 1 inverse transfonn (and rescaling) 

draft audiovisual service standard. Comparison with Fig. 
1 indicates that most features of the two algorithms are 
the same with the exception that quantisation (and sub­
sequent channel coding) is carried out on the motion­
compensated interframe difference signal after that signal 
has been subjected to a two-dimensional discrete cosine 
transform with a block size of 8 x 8. 

It is thus the resulting quantised transform coefficients 
which form the transmitted signal. Since, however, the 
predictor input signal is the sum of the previous predic­
tion frame and the spatial interframe difference signal, it 
is necessary to include an inverse transformation (T- 1) in 
the prediction loop. (The draft audiovisual standard 
makes provision for an intraframe transform operation to 
be applied directly to the input video signal; the proper­
tie:J of such a procedure are well known [8] and arc not 
studied further here.) It has been suggested by Girod [9] 
and Strobach et al. [10] that the efficiency of the trans­
form operation as applied to motion-compensated intra­
frame difference signals is open to question. Since the 
draft standard is based on just such an approach, 
however, this paper concentrates on differences in per­
formance between transforms and motion compensation 
schemes over the spread of data sources studied; sec 
Section 5 for further discussion. 

The experimental format for all test schemes is as 
follows: difference frames (motion compensated where 
appropriate) are transformed in the manner described 
and the resulting coefficients rounded to the nearest inte­
gral value. Methods of data rate control are not explicitly 
defined in the audiovisual standard; here the transform 
coefficients are thresholded (i.e. including a central 'dead 
zone' as in the recommendation) and those below the 
chosen value set to zero. The resulting coefficient set is 
then inverse transformed and the regenerated interframc 
difference signal added back to the prediction to form the 
reconstructed frame, which can then be compared with 
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the original. Results are displayed in terms of error 
energy as a percentage of that of the original data as a 
function of average percentage of coefficients transmitted. 

In addition to the combinations of image data and 
motion compensation scheme referred to in Section 2, 
three different orthogonal transforms are employed in the 
present experiments: 

(a) Discrete cosine transform (DCl1: most efficient of 
the range of orthogonal transforms comDlonly investi­
gated for image processing applications when applied to 
data of reasonably high correlation coefficient [11]. 

(b) Walsh-Hadamard transform (WH1): a transform 
with, in many respects, the poorest performance in the 
range but having a very simple implementation [12]. 

(c) High correlation transform (Her): a transform 
developed with the aim of obtaining a performance 
approaching that of the OCT while retaining an imple­
mentational complexity similar to that of the WHT [13]. 

Comparisons between the results obtained with the DCT 
and WHT indicate the sensitivity of the hybrid coding 
scheme to the spread of efficiencies obtainable from the 
range of available orthogonal transforms. It has been 
suggested that, since the interframe difference signal is 
substantially zero mean, the Discrete Sine Transform 
(DST) might be an appropriate transform to employ (see 
Reference 14 for discussion). Tests carried out with the 
DST for various combinations of images and motion 
compensation schemes, however, produced results little 
better than those for the WHT. and they have thus not 
been included here. 

4 Hybrid coding results 

Fig. 3 shows the results obtained for the MISSA image 
source, having low contrast and some noise and a small 
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degree of motion. There are several points of interest 
First, block matching motion compensation gives the 
best result, with the pyramid scheme only slightly worse. 
Secondly, the inclusion of the pel recursive scheme is only 
beneficial at very low data rates, and there is a clear dis­
tinction between block matching and pyramid schemes 
on the one hand, and the pel-recursivc scheme and no 
motion compensation on the other. It is also obvious 
that, for this image, there is little to choose between dif­
ferent transforms. 
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The results for CLAIRE (high conlrasl, noise free, 
moderate degree of motion) are shown in Fig. 4. Again, 
the best result is obtained with block matching motion 
compensation, but in this case neither of the other 
schemes is clearly better than no motion compensation at 
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all. A further interesting result is that, for both no motion 
compensation and block matching cases, there are clear 
differences between the results obtained with different 
transforms, with the DCT best, WHT worst, and HCT in 
between. For the other two cases, intertransform differ­
ences are much smaller. 

Much the same results are evident for TREVOR 
(moderate contrast, substantial motion), Fig. 5. Here the 
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performance of pyramid and pel recursive algorithms is 
identical, and the best result is obtained using block 
matching motion compensation and the DCT. Fig. 6 pre­
sents the best results obtained in each case with and 
without motion compensation. Subjectively, as might be 
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expected, there is little visible difference between the use 
of different transforms in this application. Specifically, 
picture quality is virtually unaffected if the OCT is 
replaced by the WHT. 
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5 Spectral domain 

Traditionally, transform coding has proved to be an 
effective technique for data compression when applied to 
original image data of high correlation [8]. Its applica­
tion to the processing of interfra.me difference images, 
particularly if motion compensated, represents a depar­
ture from this, which this paper examines. Such images 
are likely to contain strong edge or line detail, often of a 
fragmentary nature, and thus be difficult to code using 
any technique. To the extent that one motion com­
pensation technique is heller than another, it will be 
more effective in reducing the amount of coherent detail 
remaining, and so exacerbate the coding problem - a 
paradox indeed! This section considers the relevant 
properties of the difference signal when transfonne_d to 
the spectral domain in terms of the ease with which the 
coefficients may be coded, compared with an equivalent 
measure applied to original image frames themselves. 

A suitable comparison measure for the present 
purpose is the so--<:alled 'spectral flatness measure' [15), 
which for N samples of a spectral process Sis the ratio of 
the geometric and arithmetic means of the spectral 
samples 

( 

N )1/N ns .. 
1 n= 1 

Yx = 1 N 

N J1s. 
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The maximum value of y; is unity and is achieved when 
all s. are equal. The spectrum is then uniformly flat and 
corresponds to a white noise process, for which no data 
compression is possible. The extent to which y; 2 is 
greater than unity then, indicates the predictability or 
case of coding of the data, or alternatively, the benefit to 
be obtained by the application of any further correlation 
or redundancy reducing operation. Table 3 contains 

Table 3: Values of 1;• for data and transform coefficients, 
all transforms and motion c:omponsation achernM 

Image Data No motion 
compensation 

Block 
matching 

DCT WHT HGT OCT WHT HCT 

MISSA 
CLAIRE 
TREVOR 

53.0 1.76 1.75 
168.9 11.41 8.29 

63.3 7.98 7.32 

1.81 1.89 1 .75 
12.33 4.21 3.46 

8.78 3.55 3.19 

1.89 
4.78 
3.69 

Pel recursion Pyramid scheme 

OCT WHT HCT OCT WHT HGT 

MISSA 1.16 1.18 1.18 1.22 1.21 1.24 
CLAIRE 3.29 3.30 3.48 2.14 2.15 2.25 
TREVOR 2.63 2.59 2.66 1.73 1.85 1.77 

values of y; 2 for the original data and for the prediction 
error sequences, using all transforms and types of motion 
compensation. As expected, the original data in all cases 
has a high value ofy; 2 , indicating its amenability to data 
compression. CLAIRE is particularly suitable in this 
context. (Intuitively MISSA might be thought easiest to 
code, but this image has, on inspection, an appreciable 
noise content which naturally tends to reduce y; 2 .) 
TREVOR, a spatially-active image with a high degree of 
motion, nevertheless still shows potential for a significant 
degree of data compression. The situation is somewhat 
different when we consider difference frames, however. 
For these, y; 2 is much lower than for the original data, 
even in the absence of motion compensation. As far as 
the different transforms are concerned, the results bear 
out these obtained earlier - that there is little to choose 
between those selected for this experiment (save that, 
interestingly enough, in several instances the HCT pro­
vides the largest value of y; 2

). If the small differences 
between transforms are averaged out, it can be seen that 
in general there is a gradual increase in spectral flattening 
as one moves from no motion compensation through 
block matching and pel-recursivc techniques to the 
pyramid scheme. (lhe results for MISSA are something 
of an anomaly in this context and may be due to the 
presence of noise, as mentioned earlier.) For CLAIRE 
and TREVOR, data improvements over the omission of 
motion compensation are approximately 2½, 3 and 4½-5 
times for block matching, pel-recursive and pyramid 
schemes respectively. 

6 Conclusions 

This paper has reported experiments carried out on the 
hybrid coding of motion-compensated interframe differ­
ence signals by varying both the transform and type of 
motion compensation used. It is demonstrated that the 
interframe prediction operation is in all cases very effec­
tive in .reducing the variance of the signal to be coded, 
and the efficiency of this operation is improved (albeit to 
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differing degrees) by the inclusion of motion com­
pensation. It is further shown that, depending on the 
image source, there is some benefit to be gained by the 
use of the OCT and block matching motion com­
pensation compared with any other combination. Results 
for the spectral flatness measure, however, show a 
marked increase in flattening as the efficiency of the 
motion compensation scheme improves. and it is known 
that in such a situation the benefit derived from any 
further coding of the data is very small. It is thus finally 
concluded that the employment of a not particularly effi­
cient motion compensation technique (block matching) is 
actually beneficial in that the degree of correlation 
remaining in the signal to be transformed is great enough 
for the efficiency of the OCT subsequently to outweigh 
the poor motion compensation performance. If this con­
jecture is borne out by more wide-ranging experiments, it 
follows that the development of more efficient motion 
compensation techniques will require the associated 
development of coding algorithms, other than those 
dependent on transform operations, if their improved effi­
ciency is to be fully realised. 

7 Acknowledgments 

British Telecom Research Laboratories supplied the 
image sequences on which these experiments were based. 
Wang Qi generated the motion compensated data used 
in these experiments. 

8 References 

1 CCIIT Joint Photographic Experts Group ISO/IEC/ITC/SC2/ 
WG8, SGVDI Draft Technical Specification, August 1990 

2 CCIIT Draft revision of recommendation H261: Video codec for 
audiovisual services at p x 64 kb/s, Signal Procus., Image Cmnnwn., 
1990, 2, (2). pp. 221-239 .". 

3 CLARKE. RJ.: 'Basic principles of motion estimation and com• 
pensation'. IEE Colloquium on applicatiom of Motion Com­
pensation, London, 8th October 1990 

4 BIEMOND, 1~ LOOUENGA. L. BOEKEE, D.E.. and 
PLOMPEN. RH.S.M.: 'A pel-recunive Wiener-based displacemcnl 
estimation algorithm', SigMl Process., 1987, 13, (4). pp. 399-412 

S WANG, Q., and CLARKE, RJ.: 'Motion compensated sequence 
coding using image pyramids', Electron. Lett~ 1990, 26, (9i pp. 515-
516 

6 CLARKE, RJ.: "Hybrid intraframe transform coding of image data', 
I EE Proc. F, Radar Signal Procns., 1984, 131, (1). pp. 2-6 

7 ERICSSON, S.: 'Fixed and adaptive predictors for hybrid predictive 
transfonn coding', IEEE Trans., 1985, COM-33, (12). pp. 1291-1302 

8 CLARKE, RJ.: 7ransform coding of images' (Academic Press, 
1985) 

9 GIROD, B.: 'The efficiency of motion compensated prediction for 
hybrid coding of video sequences', IEEE Trans., 1987, SAC.5, (7i 
pp. 1140-11.54 

10 STROBACH, P., SCHU1T, D. and TENGLER, W.: 'Sp:= variant 
regular decomposition quadtrees in adaptive interframe coding'. 
Proceedings of the IEEE International· Conference on Acoustics, 
Speech and Signal Prooessing, New York, 1988, pp. 10%-1099 

11 AHMED, N., NATARAJAN, T. and RAO, K.R.: 'Discrete cosine 
transform', IEEE Trans., 1974, C-23, pp. 90-93 

12 PRATT, W.K .. KANE, J., and ANDREWS, H.C.: 'Hadamard 
transform image coding', Proc. IEEE, 1969, 57, (1). pp. S!H;8 

13 CHAM, W.K., and CLARKE, RJ.: 'The application of the principle 
of dyadic symmetry to the generation of onhogonal transforms', 
IEE Proc., F, Radar Signal Process., 1986, 133, pp. 264-270 

14 CLARKE, RJ.: 'Application of the sine transform in image pro­
ctssing', Electron. Lett. 1983, 19, (13~ pp. 490-491 

15 JAYANT, N.S., and NOLL, P.: 'Digit.al coding of wavefomt5' 
(Prentice-Hall, 1984). pp. 56-58 

IEE PROCEEDINGS-I, Vol.139, No.3,JUNE 1992 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000070



IEEE JOURNAL ON SELECTED AREAS IN COMMUN[CATIONS, VOL. SAC-5. NO. 7, AUGUST 1987 X P-001 053635 1127 

Using Convex Set Techniques for Combined Pixel 
and Frequency Domain Coding of Time-Varying 

(,, 1 /,27 .. m 5'@ Images 
PETER SANTAGO, MEMDER, IEEE, AND SARAH A. RAJALA, SENIOR MEMBER, IEEE 

pt-C. o8 '~81 
.4.bstract-Projection onto convex sets has recently been suggested as 

an approach to time-varying image compression. In this paper, an im­
age coding lechnique based on such an approach is developed. In par­
ticular, pixel and rrequency domain information is combined in order 
to improve image quality over standard transform coding at given bit 
rates. The use or nonintersecting convex sets is shown to be optimum 
for two sets and a given error measure. Convex sets and projections 
are di~ussed in general and then in the context of image compression. 
Simulation results are presented for single £rame images as well as for 
image sequences. 

l. INTRODUCTION 

TIME-VARYING image compression has received 
much attention, and many techniques have been 

shown to give good bandwidth reduction and image fidel­
ity. Among these are transform coders, motion compen­
sation coders, and !pc coders. The coding method de­
scribed in this paper is actually a generalization of 
transform coding where the basis functions are replaced 
by convex sets. The signal to be transmitted is described 
to be in the intersection of certain convex sets, and the 
method of alternating projections is then used to locate a 
signal in the intersection of the sets. The sets utilized de­
fine combined frequency and spatial domain information. 

Since the procedure used by this coder is the method of 
alternating projections onto convex sets, this topic is re­
viewed first as it pertains to the coding problem. Follow­
ing the discussion of convex sets, the new coder is de­
scribed. An optimal solution in the sense of a minimum 
least squares error which uses the technique of alternating 
projections onto nonintersecting convex sets is then given 
for the coder. Finally, coding results are presented which 
show the relative improvement for the convex set coder 
versus a simple transform coder. 

II. CONVEX SETS 

Convex sets and functions have received much atten­
tion in image restoration and optimization problems (3}, 
[13). In the research, convex sets offer a way of utilizing 
or visualizing information much as in image restoration 
problems. For image coding, these sets may be employed 

Manuscript received September 11, 1986; revised January IS, 1987. 
The authors arc with the Center for Communications and Signal Pro­

cessing, North Carolina State University, Raleigh, NC 27695. 
IEEE Log Number 8715676. 

at the receiver to invoke a priori information in order to 
reduce distortion in the received image. An extension of 
this procedure, which proves more useful, is that of trans­
mitting information about convex sets which contain the 
desired image. 

A convex set is defined in the following way (6). Let V 
be a vector space and let C C V. C is convex if for every 
x, y EC, it is also true that (ca + (1 a)y] EC for 0 
:S a :; 1, a a real. Less formally, C is convex if the line 
segment connecting any two elements in 9 is also in C 
(see Fig. 1). Following are some examples of convex sets. 

1) All vectors in R~ (real digital signals with n com­
ponents) such that all of the components of the vectors are 
nonnegative. 

Cp = { x e R" l.x; ;;;:: 0} 
where X; is the ith component of x. 

2) All vectors in R" which have bounded energy. 

C8 = {xeR"lx'x::;; k} 

( 1 ) 

(2) 

where x' is the transpose of x. This set defines an n-di­
mensional ball centered at the. origin. 

3) All vectors in R" with some given components equal 
to known values. 

(3) 

where the k; are known constants and I is a given index 
set. 

4) All vectors in C" with some transform coefficients 
equal to known values. 

(4) 

where Tis a linear transform, [ Tx]; is the ith transform 
coefficient, the Z; are known constants, perhaps complex, 
and I is a given index set. 

It is not difficult to see that Cr in the last example is 
related to transform coding. If m out of n possible coef­
ficients are transmitted, all of the signals with these m 

coefficients form a closed convex set. The receiver, then, 
must accept any member of this set as feasible given no 
additional information. Typically, the unknown coeffi­
cients are assigned the value of zero. An alternative so­
lution is to project the previous frame onto this set in 
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CONVEX NOTCONVE)( 

Fig. 1. Convexity in two space. 

which case the untransmitted coefficients are assigned the 
same values as for the previous frame [ 10]. 

III. PROJECTIONS 

The projection of a given vector onto a closed convex 
set is the vector in the set closest to this given vector. 
More formally, let x be in the vector space V and let K be 
a closed convex subset of V. The projection of x onto K 
is the solution to the following problem. 

minimize II X - y 11
2 

for all y E K. ( 5) 

The minimizing vector y is indicated by [Px]. Pis a map­
ping from V into K, i.e., P: V -> K, and is referred to as 
the projector onto K. 

Referring to the examples of the convex sets already 
given, it is informative now to give the projectors onto 
these sets. 

1) Let Pp be the projector onto Cp. 

[

X;, 
[Ppx]. = 

I 0, X; ::£ 0. 
(6) 

That is, if a component of xis already nonnegative, leave 
it alone; otherwise, assign it to the nearest nonnegative 
value, which is clearly zero. 

2) Let P8 be the projector onto CB. 
r 

x 1x k 

J 
x, s 

P8x = k2 
x 1x k. 

Lx 1x 
X, > 

(7) 

The energy set defines an n-dimensional ball with center 
al the origin and radius k. If x is inside the ball, then the 
projection is itself. Otherwise, the projection is the clos­
est vector to x on the surface of the ball. 

3) Let P£ be the projector onto Cf:. 

i E / 

otherwise. 
(8) 

If the value of the component is known, then assign this 
value; otherwise, leave it alone. 

4) Let P1 be the projector onto Cr, 

[P7 Tx] 
' 

i E / 

otherwise. 
(9) 

If the transform coefficient is known, then assign this 
value; otherwise, leave it alone. 

IV. METHOD OF ALTERNAT!NG PROJECTIONS 

Suppose that various characteristics are known about a 
certain image which is Lo be transmitted. If these prop-

erties define convex sets, then there is a procedure to de­
tem1ine an image which exhibits all of these attributes. In 
short, an image must be found which is in the intersection 
of these convex sets. The procedure for accomplishing 
this was first given by Bregman [1] and is described next. 

Let Ci, C2 , • • • , C,, be closed convex sets in a finite 
dimensional vector space V with Pi, P 2 , • • • , P,, their 
respective projectors. Then the iterative procedure 

( 10) 

converges to a vector x* E C1 () 7 1 C,. The starting 
vector x0 may be any member of V. This procedure is 
called the method of alternating projections and is de­
ricted graphically in Fig. 2. It is interesting to note that 
C1 will also be a closed convex set. 

This theory has been used to good advantage in resto­
ration problems where a priori information can be em­
ployed to constrain the size of the feasible solution set [31, 
[131. In image coding, the convex set information can be 
transmitted and used by the receiver. This is much the 
same as transform coding in which the convex sets are 
hyperplanes. In the case of transform coding, the solution 
found by alternating projections onto convex sets (POCS) 
is also the least squares solution in the following sense. 

x* minimizes II x0 - y II for all y E n C; . ( 11 ) 
i I 

That is, x* is the projection of x 0 onto the intersection of 
the given sets. Therefore, if x0 is the zero vector, the al­
ternating projections solution is identical to that obtained 
by the usual transform methods when the sets are mem­
bers of an orthogonal basis set for V. Better results may 
be obtained by using the previous image as the starting 
estimate, at least for a short time within a sequence [ l 0]. 

V. CONVEX SET CODERS 

A general convex set coder, shown in Fig. 3, has been 
presented by Santago and Rajala [ 10]. An initial problem 
for this type of coder is to determine what constitutes the 
description of a convex set. As stated in [ 6), a convex set 
can be completely defined within closure by its support 
functional. Since the main concern here is with closed 
sets, this functional completely defines the set. Although 
this fom1 of a convex set could be used, a definition which 
is more easily visualized is given next. 

This alternative representation for convex sets is via the 
Minkowski functional associated with the set [ 6]. The 
Minkowski functional defines a type of distance measure 
from an interior point of the set to any vector in the space. 
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Fig. 4. The Minkowski functional p;(x) for convex. set K relative to point 

0. 

As presented in [6], this point is the origin, but can be 
modified by simple coordinate translation. The Min­
kowski functional can also be viewed as the amount of 
expans!on of the convex set necessary to include a given 
vector m the set (see Fig. 4 ). In the case of linear hyper­
planes, the functional gives the amount of translation 
needed to contain the vector in the desired hyperplane. 

As an example, if the set is the unit ball, then the Min­

kowski functional is the Euclidean or two-norm relative 
to the center of the ball. In any case, it is unlikely that 
these functionals would be transmitted. This would be 
analogous to a transform coder transmitting the basis vec­
tors as well as the coefficients. A more likely approach 
would be for the receiver and the transmitter to agree on 
the convex set shapes and to indicate the size necessary 
to include the desired image via the Minkowski func­
tional. 

Finding convex sets in general is not a difficult prob­
lem. Selecting the best sets in the sense of compression 
capability and image quality is not, however, so easy. In 
the case of transfonn coders, the optimal representation 
via an orthogonal basis, given by the Karhunen-Loeve 
transform, is well defined, as are the projectors. In the 
case of projectors for general convex sets, the forms may 
be quite different from set to set. It was initially thought 
that using n-dimcnsional balls with different centers, i.e., 
translated energy sets, might prove enlightening. In fact, 
finding the optimum n-dimensional balls is extremelv dif-
ficult and is being studied at this time. -

Another view for comparing general convex sets to lin­
ear ones, e.g., transform bases, is to assume that a convex 
set houndary can be approximated by a finite number of 
hyperplanes. This can be envisioned in two dimensions 
by approximating a circle with a finite number of straight 
lines. The projection of a vector onto such a set is ap­
proximately given by the projection onto one of these hy­
perplanes How closely this approaches the actual projec-

RNSOOC!rJ· <XP 1053635A I > 

tion is a function of set shape and the number of 
hyperplanes used. 

This approach is related to the prohlem of transform 
coding with a mixed basis. That is, given a number of 
possible basis sets for the signal space, choose the set for 
the current signal which gives the lowest error, assuming, 
of course, that only some of the coefficients will be trans­
mitted. This can be extended to choosing a mixed set of 
basis vectors from the various bases for the current signal. 
The possible bases are defined by the hyperplanes which 
enclose the sets. In this research, a mixed basis set is used, 
but the bases are chosen a priori, i.e., pixel and fre­
quency sets. The general problem remains open. 

VJ. DIFFERENCE PlCTURES 

Since the convex set coder is designed from examina­
tion of difference pictures, it is appropriate here to discuss 
this topic as well as the actual sequences and models used 
for this paper. 

The two black and white sequences coded are called 
BOB and MAP. BOB is a 60 frame head-and-shoulder 
scene of a newscaster recorded at 30 frames per second. 
The MAP sequence shows an individual using a pointer 
while lecturing in front of a wall map and also contains 
60 frames. Both sequences contain frames which are 256 
X 320 pixels with intensity values ranging in gray scale 
intensity from O to 255. The percent of motion in the se­
quences was determined by counting the number of pixels 
which had an absolute change of more than 3 between 
frames and dividing this by the number of pixels in the 
frame. The noise variance in both sequences was calcu­
lated to be about 1.55 and the noise densities are Gaussian 
[12J. 

In addition to actual sequences, it was desirable to code 
synthetic images derived from image sequence models. 
Initially, a three-dimensional Gauss-Markov field model 
was used. The coder did not perform well on this model. 
Since the coder did work well for the actual images, it 
was decided that a more realistic model was needed. 

The difference pictures were then described via a com­
posite model, a detailed description of which can be found 
in [12]. A binary image is made from the difference pic­
ture by assigning the value zero, black, to changed (mov­
ing) pixels and 255, white, to unchanged pixels. This bi­
nary image is known as the difference picture mask. The 
second part of the model uses statistics of the moving re­
gions in order to assign values to the moving pixels. A 
rate distortion function was then derived for this model as 
well as a method for producing synthetic images which 
agree with the model. 

VIL DESCRIPTION OF THE IMPLEMENTED CODER 

The new convex set coder design is based on various 
attributes of interframe difference pictures as described by 
the composite model. First is the fact that large zero re-
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Fig. 5. Simple mixed coder using POCS, 

gions or areas of unchanged pixels may allow the trans­
mission of many pixel values with very little bandwidth 
requirement. This can be seen by examining the rate dis­
tortion function derived for the mask gi vcn in [9] and [ 12]. 
Second, there may be regions of unifonn intensity which 
can also be transmitted with little bandwidth requirement. 
In this research, _,however, the major concerns are with 
transmitting the mask and the values of the changed re­
gions as indicated by the mask, 

As will be shown, it is possible to combine this pixel 
domain description of the difference picture with trans­
form coding in order to improve received image quality. 
Transform coding is a robust and easily implemented cod­
ing technique. However, the information content of the 
coefficients is typically reduced for higher frequencies, 
Given this, it may then be possible to utilize the bits nor­
mally assigned to these higher frequencies more effi­
ciently by transmitting pixel domain information directly 
in order to achieve reduced image error or improved sub­
jective quality. This may be particularly applicable in the 
higher bandwidth systems where additional frequency 
coefficients or more finely quantized coefficients do not 
add significantly to image quality. 

The previous discussion suggests that information about 
the image can be transmitted in two different domains. 
The problem then is to utilize these data to reconstruct an 
image at the receiver. If the information defines convex 
sets, then the method of alternating projections, POCS, 
can be employed to recover an image which is consistent 
with the received data. This is the case for the mixed pixel 
and frequency domain values as defined above. In fact, 
using these values defines a combination of two separate 
bases for two distinct transform coders. Frequency values 
form the basis for_ transform coding as we normally think 
of it. Pixel values are nothing more than coefficients for 
a standard basis, a standard basis being defined as a vector 
with a single entry of the value one and all others being 
zero. 

A coder which implements this technique is given in 
Fig. 5. The image is segmented into fixed size blocks and 
each blnck is coded separately, This allows more flexible 
operation as well as the possibility of utilizing parallel 
processing elements in a dedicated coder system, The pix­
els whose values have not changed from frame to frame 
are referred to as the region of support (ROS). These val­
ues can be transmitted via a bit pattern which indicates 
whether the value of an image pixel has changed from the 
previous frame in the sequence. This is, in effect, trans­
mitting the mask, 

1:1fiJ635A t > 

Coding the mask, which represents set CE, involves 
simply coding a binary image. In early experiments, one 
bit per pixel was sent to indicate the mask [ I OJ, [ 4], Even 
at this uncompressed rate, mean-square error reductions 
were shown over transform coding alone. The transform 
coder used for comparison utilized bit assignments based 
on the log-variance relation of the coefficients [8]. Uni­
form quantization was employed and the size of the coded 
blocks was the same as for the POCS coder. Some rate 
reduction has been effected by subsampling the mask bits 
[10]. As stated in [8], however, compression rates of as 
high as ten to one have been achieved for binary images 
using two-dimensional variations of run length coding for 
binary images. By eliminating isolated changes as well as 
thresholding the changes, compressions of up to seven to 
one have been achieved at NCSU. 

In this research, experiments using Huffman coding 
were performed. These experiments coded vertical runs 
of mask pixels, corresponding to frame columns, with a 
maximum length of l 28, Reductions of about four to one 
were typical, giving a value of0.25 bits per pixel to send 
the mask, This compression rate is well below the rate 
distortion expectations for the model presented; and it is 
probable that fu11her reductions could be achieved using 
more sophisticated techniques, Results showing the ef­
fects of up to an 8: I reduction in coding the mask are 
given later. Once the mask and the coefficients are re­
ceived, POCS may be used to reconstruct the frame. 

The transform coefficients which are to be transmitted, 
representing set CT, may be selected and quantized in any 
manner desired by the coder. For this research, it was 
determined that complex selection techniques are not of 
critical impo1tance as long as reasonable methods arc 
used. For the implemented coder, a bit assignment for 
each FFT coefficient based on the variance of the coeffi­
cient is used, The variances of the coefficients were de­
termined by collecting data over a ten-frame sequence of 
BOB. In a real coder, these statistics may be based on a 
reference frame and perhaps updated periodically. Since 
both the transform coder and the new coder use the same 
assignments, the comparison should be fair as is. The bit 
assignments were done using the following formula [8]: 

NT [ ) NFJ(u, v) = N2 + 2 log 10 V(u, i:) 

N N 

-
2

2 I; 2:: log 10 [V(a,b)J (12) 
N a=I /J; I 

where the image is /V X N, Nr is the desired total number 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000074



SANTAGO AND RAJALA: CONVEX SET TECHNIQUES AND CODING Of IMA(d'S l 131 

of bits, and Nn ( u, v) is the number of bits assigned to the 
( u, v) coefficient (real and imaginary parts are assigned 
separately). The coefficient variances are contained in 
V(u, v). The decision levels assume a uniform quantizer. 

When coding the coefficients, various adaptive schemes 
can be used to reduce the bit requirement for the coder. 
The purpose here is to compare the new coder to the trans­
form; thus, these methods were not implemented since the 
reduction would apply to both coders. However. by ig­
noring these techniques completely, the new coder can 
give results which are, in a sense, artificially much better 
than the transfom1 coder. This is especially true when 
there are very few changes in a block and it is possible to 
transmit the block via conditional replenishment. The 
problem is diseussed more thoroughly when the coding 
results are presented. 

The previous .. form of the convex set coder produces 
improved quality and reduced error, but additional op­
tions could produce even better results. One possibility is 
to send the sign of the changed pixels along with the mask. 
This is not used here, but shows some promise of im­
proved image quality [4]. 

Before describing the final form of the implemented 
coder, an optimal solution for two convex sets is derived 
and explained. 

VIII. OPTIMAL SOLUTION FOR Two CONVEX SETS 

In this section, a new solution using a variation of POCS 
is developed which makes the new coder more realizable 
and gives a better theoretical basis for the technique. Con­
sider a transform coder as previously described which 
transmits m frequency coefficients out of n possible coef­
ficients. Assume, also, that the transmitter and receiver 
have knowledge of the values of a subset of the pixels via 
the mask transmission or for any other reason. These 
known pixels are defined, as before, to be_ the region of 
support (ROS). 

Since components of the signal to be transmitted which 
arc in the ROS will be assigned their exact values at the 
receiver, they become free variables or DON'T CARE ele­
ments when performing the transform at the transmitter. 
Therefore, the transmitter can assign values to these com­
ponents so that when the transfom1 is performed, and only 
a subset of the coefficients is chosen for transmission, the 
signal recovered by the receiver has the error minimized 
only for the non-ROS components. It should be noted that 
this algorithm is appropriate for use with transform coders 
which operate on fixed size blocks. If a variable number 
of noncontiguous pixels is allowed to be transformed 
coded, then the ROS pixels can be left out since they sim­
ply constitute unneeded constraints in a system of linear 
equations. This may not necessarily be the case, however, 
if the sets are not also subspaces as they are here. 

Allowing the ROS values to be DON'T CARES can be de­
fined by the following constrained minimization problem: 

minimize II A (Ht x) II w.r.t x subject lo A.x = h ( 13) 

where H is a mapping from R" to R" which includes a 
transform, filter, and an inverse transform. Hx is the re-

3NSDCCID <XP 1Q53635A !, ► 

ccivcd signal. For example, H = F"LF where F and F* 
arc the transfonn and its inverse, and L is a low-pass fil­
ler. A is a mapping from R" to R\ k = n - m, with n 
and 111 as before and it forms a vector whose components 
are those not in the ROS. That is, A is a selection operator 
which alters the cost function to only measure the error in 
the non-ROS components. The h vector is constant and 
contains the correct non-ROS values. The constraint 
equation forces the non-ROS components of the solution 
to be correct, while the ROS elements are allowed to vary. 
This constrained problem can certainly be solved, but a 
simple problem which leads to an optimal solution is given 
next. 

On closer examination, there is no need to force the 
solution to retain exact values in the non-ROS compo­
nents, only that the received signal has minimum error in 
this region. This may be stated as the following uncon­
strained minimization problem: 

minimize IIAHx - b ll w .r.t. x ( 14) 

where A. H, and h are as before. This can also be seen 
mathematically by distributing A over both terms and not­
ing that Ax = b. The solution involves solving for a ge­
neralized inverse. However, an iterative solution can be 
obtained by applying the method of successive projec­
tions for two nonintersecting convex sets, NPOCS. The 
theorem describing this algorithm was first presented and 
proven by Cheney and Goldstein [2]. A formal statement 
of a similar theorem, which may be more applicable to 
the problem at hand, and its proof are also given in fl 2]. 
More recent work with some extensions can be found in 
[14]. A less formal, and hopefully more informative, de­
scription follows. 

Assume a transform coder is available which transmits 
m out of n coell1cients. Without loss of generality, it can 
be assumed that these are the m low-pass coefficients and 
that .the receiver will assign zeros to the untransmitted 
coefficients. Define a set C 7 to be all x E R" such that the 
m low-pass transform coefficients are bounded in magni­
tude, and the m - n remaining coefficients have assumed 
values, typically zero. C7 is a closed, bounded, convex 
set. The magnitude bounds for the m transmitted coeffi­
cients can be any real numbers reasonable for the appli­
cation. Them n untransmitted coefficients need not be 
zero, but the values which they are assumed to have must 
be known hy the transmitter and the receiver. 

Define another set Cr: to be all x e R" such that x has 
correct values in the non-ROS components, and the re­
maining components arc bounded. CE is also closed, 
bounded, and convex, and the bounds for the ROS com­
ponents can be any real numbers reasonable for the ap­
plication. 

Any received signal which is a member of Cr: has zero 
error since the ROS will be assigned exact values. Fur­
ther, any signal in Cr can be transmitted. The problem, 
then, is to find a signal x* E Cr which is closest to CE. 
This idea can be more readily visualized by referring to 
Fig. 6. 

By the theorem mentioned for .~uccessive projections 
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Fig. 6. Method of successive projections for two nomntcrsccting convex 
sets. 
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Fig. 7. Implemented mixed coder using roes. 

onto nonintersecting convex sets. the signal x* in Fig. 6 
can be found by using the following method of successive 
projections for nonintersecting convex sets. Let Pr and 
PE be the projectors onto Cr and CE, respectively. Then 
the iterative procedure 

( 15) 

will converge to a vector in Cr closest to CE (x* in the 
case of Fig. 6) with any x0 ER". This fixed point actually 
solves the problem: 

minimizef(x) = !Ix - PE(x)II, for all x E Cr. 

( 16) 

II should be noted that x* may not be unique and C7 n 
CE need not be empty. The transmitter sends x* and the 
receiver projects this signal onto CE by assigning the ROS 
values. 

This procedure is optimum in the sense given. That is, 
the reconstructed signal using only them transmitted coef­
ficients as determined by (15) will have minimum error 
between the reconstruction and the original signal in the 
non-ROS components. In all of the simulations compar­
ing this optimal method to simple POCS, both solutions 
gave the same error. If the intersection of Cr and Cc is 
nonnull, then both methods give zero error. Further, the 
convergence rates of the two methods were practically 
identical. This is also shown in [ 11] which contains some 
additional examples of the use of the nonintersecting 
method. 

The primary distinction between the POCS coder and 
the NPOCS coder is that for NPOCS, the iteration is per­
fom1ed before transmission. This is explained by the fact 
that the transfom1 coefficients which give minimum error 
for only the non-ROS pixels can be determined before 
transmission. Thus, at the receiver, all that is left to do is 
to inverse transfonn and assign the ROS pixel values 
which were transmitted by the mask. 

A coder using simple POCS is shown in Fig. 7. The 
coder for which results are presented in this paper is given 
in Fig. 8. This coder uses the NPOCS technique and two 

Transform 

Mask (ROS) 
coder 

Filler 

Channel 

NPOCS 

Fig. 8. Implemented mixed coder using NPOCS. 

Inverse 
tran.torm 

x 

convex sets, one for the frequency domain Cr information 
and the other for the difference picture mask CE. 

The method of alternating projections onto noninter­
secting convex sets also converges for more than two con­
vex sets as shown in f 12). The significance of the fixed 
point in this case is that all paths of fixed points with the 
same projection composition have the same length 114]. 
This path length is defined as the combined distances of 
each point to its projection. The usefulness of this fact 
needs further investigation. For the two-~et case, the pro­
cedure does provide an optimal solution in the sense given 
and only necessitates iteration at the transmitter. Further, 
by using NPOCS, more decisions, such as number of it­
erations and allowable errnr in certain pixels, can be made 
by the transmitter before any transmis,,ion is performed 
l 11]. 

IX. CODING RES UL TS 

This section contains the results uf various coding sim­
ulations. Presented first are ending results for single 
frame-difference pictures. Following these, coding sim­
ulations for comparable synthetic images are given am.I 
the results are compared to the rate distortion function de­
rived. Finally, results are given which show the effects of 
error propagation over two short sequences of a time­
varying imagery. 
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Some general statemrnts should be made first which ap­
ply lO all of the simulations. First. the only comparisons 
are among the Lrnnsforrn coder alone, the NPOCS coder, 
and the rate disto1tion hound. The rate distortion function 
comparison is included only for interest since the primary 
goal is to relate the NPOCS coder with the ordinary trans­
form coder. For the NPOCS algorithm, five iterations 
were used in all cases since additional iterations did not 
provide significant error reduction. Often, fewer itera­
tions could have been used. This adaptation is easily im­
plemented by the NPOCS algorithm since the receiver can 
make the decision to stop at any point. The NPOCS al­
gorithm was chosen over ordinary POCS since both were 
shown, experimentally, to provide the same error and 
convergence rates. Finally, the coders operated on fixed 
size blocks of 8 x 16 pixels. Changes in block size do 
not appear to giv,e any significant error improvement [4 l. 

A. Real Single Frame-Difference Codin!?, 

The first coded image is a frame-difference picture from 
BOB with 18. l percent motion. The error values arc not 
plotted since, as will he discussed shortly, the results arc 
meaningless. In fact, some of the MSE errors exceed the 
variance of the difference picture itself. The MSE € is de­
fined to be 

( 17) 

where N is the number of pixels in the frame, X; is the ith 
pixel of the original frame, and i; is the ith pixel of the 
reconstructed or received frame. 

Note that for 1.0 bpp, the NPOCS method uses no fre­
quency infonnation. Although these rates may seem high 
when compared to other coders, recall that no compres­
sion is assumed for the coefficient infonnation. That is, 
there is no attempt to compress the coefficient information 
beyond the bit assignment already discus;;cd. A method 
such as hybrid transform/DPCM intcrframe coding could 
prove useful for further compression [7). In any event, 
both the transfonn and NPOCS coders may take advan­
tage of any additional coefficient compression using these 
techniques. 

The NPOCS method has significant MSE improvement 
in all cases. One reason for the improvement is that there 
arc many blocb to be coded which have very few changed 
pixels. The transform coder performs poorly for these 
blocks. while the convex set coder produces practically 
no error. The reason for this is that all changes m many 
of these blocks could have been transmitted via condi­
tional replenishment. Also, fur very small numbers of 
changes, it may be better to send no frequency coefficients 
at all It was thought that this situation could be tracetl to 
the fact that coefficient bit as~ignmcnts were based on sta­
tistics of all of the blocks in the image. However, when 
new hit assignments were calculated using only those 
blocks with more than 20 changes per block, the assign­
ments were practically identical. Further, the NPOCS 
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coder does have an advantage for coding low change 
blocks in that these blocks are handled automatically 
without changing the coding scheme. 

Another method to eliminate some of the low change 
block problems is to median filter the difference before 
coding since some of the changes in these blocks are due 
to high noise pixels rather than motion. This technique 
would also allow more mask compression since isolated 
pixels would be eliminated, thereby producing more long 
runs of unchanged pixel locations. 

In order to produce a more realistic comparison be­
tween the transform and NPOCS coders, simulations were 
perfonned which allow low change blocks to be transmit­
ted exactly for both the transform and convex set coder. 
A reasonable number of changes woultl seem to be around 
20 since this is where the NPOCS coder improvement be­
gins to reduce below I 00 percent. A simple justification 
for this number is given next. 

It was assumed that these blocks could be sent via con­
ditional replenishment and that the locations (addresses) 
of the nonzero errors could be sent with the same number 
of hits as the mask. Thus, the conditional replenishment 
technique would take advantage of the same amount of 
compression as the NPOCS coder. Also assumed was that 
the pixel error values could be sent with six bits on av­
erage. This may be slightly high, but even at four bits, 
the results are not changed much. Finally, assume that the 
coefficient bits could be compressed with a four-to-one 
ratio. This could possibly be achieved, as suggested at the 
beginning of this section, with both the transfonn and 
NPOCS coders making use of the compression. 

Now a breakeven point must be found above which the 
number of bits for conditional replenishment will exceed 
the number of coefficient bits. This number of changes is 
given by 

breakeven = coefficient bits - address bits 

bits per enor value 
( 18) 

For the coding cases used here, the highest breakeven is 
for 512 coefficient bits, a four-to-one mask and coefficient 
compression and 6 bits per pixel error value. The break­
even for these values is 16 changed pixels. Thus, the value 
of 20 changes seems valid to use for coding comparison 
which certainly is more than fair to the transform coder. 

The results for the 18.1 percent motion BOB image 
using mask compression rates of 1 : 1, 2: 1, 4: 1, and 8: 1. 
and a breakeven of 20 are given in Fig. 9. A ratio of 4: I 
should be easily attainable as discussed previously. Note 
that for mask compression rates of l : I and 2 • I, the trans­
form coder is given even more of an advantage at this 
breakcven yet the NPOCS still performs better. 

For high change blocks, the NPOCS perfom1s better as 
well, but not in such a dramatic fashion. Fig. 10 ~hows 
the percent improvement in MSE for the NPOCS coder 
for various numbers of changes per block. (The improve­
ment is not shown for fewer than 20 changes per block 
since, as discussed, it is artificially high.) Even for mod­
erately high changes, the NPOCS coder has a consistently 
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Fig. 9. Coder comparisons for BOB with 18.1 percent motion. Mask 
compressions of 1 . I, 2: I, 4: I, 8. 1. 
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Fig. 10. (a) Improvement for NPOCS over transform for BO!l with 18. l 
percent motion. Mask comprc,sion of I: I and 1.5 bpp. (bJ Improvement 
for NPOCS over translom1 for ROBSJOB with 18. l percent motion. Mask 
compre,,ion of 2: I and 1.0 bpp. 
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Fig. l l. Coding comparison with nctual rdf. Mask C()mprcssion or 4 • I. 

lower MSE error. These percent improvement values arc 
typical for all coding runs. 

The number of pixels in error is not plotted since the 
number remains consistent throughout the various trans­
mission rates. Without using the breakeven for exact 
transmission, the number of errors greater than zero was 
around 76 000 over the entire frame for the transform 
coder and 63 000 for the NPOCS coder. Again, many of 
the high error counts can be traced to low change blocks. 
However, for high change blocks, the NPOCS method 
still has a reduction in the number of errors greater than 
3 of about two to one. For the number of errors greater 
than 3, the value was about 50 000 for the transform coder 
and 10 000 for the NPOCS coder. This statistic is impor­
tant since it is somewhat indicative of the number of pix­
els which must be corrected if this is desirable, perhaps 
for periodic update. It also has an effect on error propa­
gation in sequences, as will be shown in the next section. 
For the simulations using the breakcven of 20 changes per 
block, there is only a significant improvement for the 
NPOCS coder fur errors greater than 3. 

The idea of reduced bit rate for error correction can also 
be seen in the zero order entropy of the error image for 
both coders. For the NPOCS coder using the breakcven, 
the entropy was consistently at least 1.5 bits below the 
transform. The first order entropy H is defined as 

255 

If = I; p ( i) log2 p ( i) 
i 0 

( 19) 

where p ( i) is the probability of an intensity value i. 

B. Synthetic Single Frame Coding 

This section compares coding results for a synthetic im­
age corresponding to 18.1 percent motion to the rate dis­
tonion bound for the composite model. The low change 
block problem is still evident for these images, as is the 
MSE improvement for -the NPOCS coder (see alsu Fig. 
10). 

ul\SDOCID <XP 1053635A I > 

Figs. 11 and 12 compare the coding error for both 
methods to the rate distortion function using 4: l mask 
compression. At very low bit rates, the actual coding ap­
proaches the rate distortion function. This is misleading 
since the error would quickly be maximized for actual 
coding at these rates. Also, at these levels, the rate dis­
tortion function calculation is not very robust due to nu­
meric error in the integration with the high correlation 
values for the mask [l 2]. 

Examination of the images themselves shows more 
blurring for the simple transform coder. In addition, the 
transform coder produces more of a blocking effect, i.e., 
boundaries between the coded blocks are more obvious. 
This suggests that POCS or NPOCS may be useful for 
eliminating this effect in other transform coders. Perhaps 
this could be accomplished by overlapping coded blocks 
and forcing boundary conditions with POCS or NPOCS. 

From this comparison, a few observations can be made. 
First, the shape of the actual coding rate distortion func­
tion .suggests that, at the higher bit rates, the additional 
bandwidth is not med very effectively. This could be im­
proved by implementing a hybrid, per-block transform 
coder which would shift the curves for both coders toward 
the rate distortion function, leaving the comparison re­
sults basically intact. 

Second, the rate distortion function may be a bit opti­
mistic, a possibility which can probably be traced to a 
moving region correlation which is too high. Also, the 
ma~k rate distortion function is probably not completely 
realistic. This is maybe evident from the synthetic versus 
the actual masks. The synthetic mask, although in good 
statistical agreement with the actual mask ll2], has fewer 
and larger moving clusters. More research is needed in 
designing and analyzing composite models of this type in 
order to make completely general statements. 

C. Real Seque11ce Coding Results 

Two sequences were coded ming both the transfonn 
and the NPOCS coders. Each coder assumed a correct 
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Fig. 12. (a) Improvement of NPOCS over transform for synthetic image 
with no mask compression and 1.5 bpp. (b) Improvement of Nl'OCS 
over transform for synthetic image with 2: 1 mask compression and 1.0 
bpp. 

reference frame for a starting estimate. The first sequence 
contains 20 frames of BOB with the motion percentages 
varying from 17 to 2 l percent. Compression assumed for 
the mask is 4: 1 and the bit rate for each coder is 1.0 bpp. 
Conditional replenishment is assumed for the transform 
coder on the low change blocks. The error comparison is 
given in Fig. I 3. The NPOCS coder has about one half 
of the MSE as the transform coder alone, and also con­
verges more rapidly though not significantly. Fig. 14 con­
tains the final scene from the sequence comparing the 
original to the coded versions. 

The second sequence contains the first 17 frames of 
MAP sequence. The total bit rate is the same as for the 
first, 1.0 bpp, but the mask .compression is only 2: I. The 
frames contain motion varying from 13 to 30 percent. Er· 

ror comparisons are given in Fig. 15 and the final image 
from the sequence is shown in Fig. 16. 

The large jumps at frames six and eight are due to ten 
rows of these frames which have incorrect data. The rea­
son for these errors is unknown, but the sequence was 
used in any event since thi~ situation may well represent 
a realistic possibility. Both coders recovered well from 
the problem. The improvement for the NPOCS coder is 
not as great as for the BOB sequence, which is to be ex­
pected since, with the assumed compression, the mask re­
quired more bandwidth for MAP. 

For the sequence coding, the MSE improvement is 
greater after convergence. For the BOB sequence, a 50 
percent improvement is achieved, while for MAP, around 
30 percent is shown. These differences are due to many 
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factors which include the type of moving objects, the per­
cent of motion, and different mask compressions. Gen.: 
erally, the NPOCS coded frames have better detail in the 
moving regions. In particular, moving edges are not as 
noisy. 

X, SUMMARY 

The use of convex sets and the method of alternating 
projections provides a useful alternative to simple non­
adaptive transfonn coding alone. In adaptive transfonn 
coding, both the transform coder and the NPOCS coder 
could take advantage of any further coefficient compres­
sion; the results herein may also be valid. 

Projection onto convex sets (POCS) provides a tech­
nique for finding signals which must satisfy a number of 
constraints. For image coding, various fonns of infor­
mation may be transmitted which are easily formed or ef­
ficiently convey much of the image structure. POCS can 
be used at the receiver to recombine the transmitted in­
formation and determine an image which satisfies all of 
the characteristics defined by the transmitted convex sets 
For two convex sets, the nonintersecting set method, 
NPOCS, can be employed, with the advantages of only 
transmitter iteration and better fidelity control. 

The convex set coder studied in this paper exhibits im­
proved mean-square error and better subjective image 
quality than a simple nonadaptive transform at the same 
bit rate. It is also probable that additional improvement 
would be achieved if higher mask compressions were at­
tained. This suggests the possibility of allowing errors in 
the transmitted in order to increase mask compression. 
The transform coefficients could then be optimized for the 
actual mask sent using either POCS or NPOCS. Since 
transfom1 coding would also be used, the error introduced 
by the mask would di,tribute of the entire block. This 
would hopefully produce better visual quality. 

:,.;;. '~''·~· .. 
h-~ ~ ~-. ,.. 

(aJ 

(b) 

(c) 

Pig. 14. (a) BOB sequence original frame 20. (b) BOB sequence frame 20 
trnnsfom1 codeu at l.0 bpp. (c) BOB sequence frame 20 NPOCS coued 
at 1.0 bpp and 4. I mask compression. 

The most likely system to compare tu the one presented 
in this paper was described by Pearlman and Jakatdar [7]. 
They used a hybrid transform/DPCM interframc coder 
with very good results. In comparison to other transform 
coders, the images received by their coder were at least 
as good subjectively and the SNR is dose and often bet­
ter. 

A fair comparison between the NPOCS coder and 
Pearlman's is difficult to produce. It seems that their im-
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Fig. 15. MAP sequence coding error. 
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Fig. 16. (a) MAP sequence origmal frame 17. (b) MAP sequence frame 
17 transform coded at 1.0 bpp. (c) MAP sequence frame 17 NPOCS 
coded at 1.0 bpp and 2: l mask compression. 
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age quality and SNR is better than NPOCS. However, 
they utilized a full-frame transform and their coefficient 
bit assignment was optimal Further, neither the motion 
percentages were given nor the ax for the SNR calcula­
tion. Ideally, the hybrid coder should be implemented and 
then the NPOCS procedure incorporated with it. It is very 
possible that this new coder could give some gains. The 
improvement for the hybrid coder improvement from 0. 75 
to 1.00 bits/pixel is 1.56 dB. It could prove to be more 
efficient to use the additional 0.25 bits/pixel to transmit 
the mask with a four-to-one compression. 

Continued research is needed to establish the expected 
results of various convex sets and to determine which 
sets are most useful. What the POCS coder does provide 
is a step toward a nonlinear representation of signals and 
a technique for incorporating some types of information 
into the recons.truction process at the receiver. 

In addition to questions raised about the POCS and 
NPOCS described in this paper, the fact that the mask 
indicates the location of the changed pixels requires a 
comparison of these methods to conditional replenish­
ment techniques. Some analysis of this situation is being 
done now at NCSU. In particular, mask encoding is being 
studied [5]. POCS is also computer intensive, requiring 
iteration on large data structures for coding and decoding. 
It is not clear whether or not the complexity and cost can 
produce image fidelity gains which are in line with this 
procedure. 
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Abstract 
Standard.5-based video compression algoriJhnu are rapidly 
becoming the preferred method for transmitting image 
sequences. PromwnJ examples include the MPEG and ITV 
family of standards. However, it is importanJ lo realize that 
these standJJrds are rwt bit-exact, in that only the operaJion of 
the decoder is defined by the specification. Development of 
the raJe·conJrol mechnnism and pre• and post-processing 
procedures is compl,,tely controlled by the synem tu!signer, 
aml these camponentt can inlroduce discernible differences 
be/Ween two standards complionJ realh.aJion.s. In this paper, 
we survey the fields of pre- and post-processing techniques 
for vituo compression. We then discuss our ,·urn:,u work on 
compression enhancemenJ algorithms. These algorithms are 
applicable 10 any compreuion standard bill are ducu..rsed 
within the con/ext of MPEG-2. 

1. Introduction 

Digital video compression algorithms are a fundamental 
component of a video colilIDWllcatioo system. The goal of 
these algorithms is to represent a video sequence with a 
reduced number of bits, as compared to simply utilizing the 
intensity values of each pixel in the sequence. If the number 
of bits is reduced sufficiently, then transmitting and storing 
me video sequence becomes feasible with modern 
communication channels. These medias include Internet and 
lnb:3Jlet delivery, wireless and satellite communications 
systems as weU as DVD or hard disk storage devices. 

Compressed video sequences are usually imperfect 
descriptions of the original imagery, in that some of the visual 
data of the original sequence is discarded while encoding. 
Eliminating information reduces the number of bits r<:4uired 
for the compressed representation. Unfortunately, it can also 
lead to visible errors in the decoded imagery. In this context, 
the overall visual quality of the decoded saiucnce then 
becomes a critical factor in the design and comparison of 
video compression systems. Many variables affect this 
quality. For example, rate-control algorithms allocate 
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available bits to different parts of an image s<:4uence, which 
can introduce a visible difference between similar 
compression algorithms. In the same way, the design and 
implementation of pre- and post-processing mechanisms 
often differentiates one product from another. 

In this paper, we survey the field of pre• and post­
processing algorithms for digital video compression and then 
discuss our current work in the area. For both types of 
algorithms, the goal of the operation is to reduce the severity 
of coding artifacts within the reconstructed video sequence. 
Pre-processing algorithms realize this goal by tillering the 
original images before ( or during) comprc:ssion. This 
improves perfonnance by simplifying the image content that 
must be. encoded. Post-processing algorithms operate after a 
sequence is compressed and do not have knowledge of the 
original image data. Instead. these algorithms identify and 
attenuate coding artifacts that were introduced by the 
encoder. 

2. Background 

Pre- and post-processing algorithms are usually designed 
within the framework of a successful video standard. At the 
current time, these standards include the InJ and MPEG 
compression mechanism.. In these methods, each frame of a 
video sequence is coded with a combination of a block-wise 
lnlnSformation with the Discrete Cosine Transform (DCI) 
and motion compensation. Compression is realized by 
quantizing the trlUlSform coefficients, Unfortunately, this 
quantization can introduce visible emm. in the reconstructed 
video sequence. These artifacts are typically classified as 
blocking, ringing or temporal flicker. 

The independent processing of each hloclc results in the 
first class of coding artifacts. These blocking errors dominale 
low bit-rate applications, where the encoder typically 
removes a.lJ high-frequency information. The result is a 
series of piece-wise constant image blocks, with sharp 
transitions at the block boundaries. Increasing the bit-rate of 
the compression system helps in reducing the blocking 
artifacts. However, higher bit-rate applications are still 
plagued by the visible "grid-like" structure in the 
decompressed data. 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000084



Higher bit-rate applications also suffer from ringing 
artifacts. At these bit-rates. more mid-frequency information 
is transmitted to the decoder. However, high-frequency 
information is stiU removed from the compressed 
representation. This introduces a strong oscillation, or 
ringing, in the vicinity of significant image discontinuities. 
Ringing becomes more complicated in dynamic image 
sequences, as the oscillation may change from frame lo 
frame. When this occurs, it is sometimes referred to as a 
"mosquiio" or "corona" artifact 

The final artifact appearing with current compression 
standards is temporal flicker. Temporal flicker is introduced 
by local decisions within a rate-control algorithm. These 
algorithms allocate available bits in an attempt to maximize 
the resulting image quality. Unfortunately, computational 
comple1.ity and finite resources often restrict the 
measurement of quality to the current frame of interest. 
Thus, there is no attempt to maintain temporal fidelity across 
the entire image sequence, which results in temporally 
varying image quality. 

3. Post-processing 

Previous work in the area of pOl!lt-processing is easily 
divided into two types of algorithms, image enhancement and 
image recovery techniques. The first class of algorithms 
defines a heuristic procedure ( or set of filters) to process the 
compressed imagery. The second class of algorithm relics on 
a rigorous model for the original image sequence and 
compression mechanism. utilizing optimization techniques ro 
find the best solution. In this section, we su.mmarize the 
various methods nvailnble for post-processing. Then, we 
discuss our current work within the area. This work focuses 
on higher-rate compres:;ion systems. However, our methods 
are applicable to any bit-rate scenario. 

3.1. Enhancement Approaches 

Designing an image enhancement algorithm typically 
relies on a two-step procedure. Fin1t, objectionable 
distortions are identified and modeled within the 
decompressed video sequence. Then, an operator is 
consuucted lo attenuate the distortion. For low-bit 
applications. enhancement techniques primarily remove 
blocking artifacts. For example, filtering the decoded image 
with a low-pass filter attenuates blocking [ 14). Of coarse, 
excessive smoothing also removes important high-frequency 
content Several techniques adjust the amount of smoothing 
to addn:ss this problem. For example, filtering may be 
restricted to the block boundaries and reduced when 
significant intensity differences are detected between 
neighboring blocks [4]. This preserves significant region 
boundaries. Alternatively, the visibility of each block 
boundary may be estimated through the use of a human visual 
system model. The boundary is then smoothed until it is no 
longer visible [l ]. 

The design of an enhancement algorithm changes as the 
bit-rate of the compression system increases. At higher bit-
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TlllCS, ringing artifacts bel'Ome a significant distortion. 
Removing this artifact also requires low-pass filtering. 
However, the filter must contain a parameter of directionality, 
so that it filters parallel ro edges. This removes the 
oscillations of the artifact without eliminating the underlying 
edge information. In practice this is a difficult task, as it 
requires the estimation and detection of every edge and its 
orientation within the decoded image. Improved results are 
attainable though. For example. morphological operators are 
utilw:d in [9], while gradient operators appear in [5, 16]. 

Modem video compression systems are typically prone to 
both ringing and blocking artifacts, as the rate-control 
mechanism may encode the image with spatially varying 
quality. In these situations, an artifact identification 
procedure must preclude any filtering. One approach to this 
problem is presented in (12]. In the approach, each block in 
the decompressed data is classified as .. ringing", "blocking" 
or "none". This identification is accomplished by looking at 
the structure of the OCT coefficients. Significant mid­
frequency information suggests that ringing anifacts are 
present, while the total absence of mid-frequency and high­
frequency data suggests that blocking artifacts may appear. 
Each of these two classes of blocks is then processed wilh the 
appropriate de-blocking or de-ringing filter, while the rest of 
the image is unfiltered 

3.2. Recovery Methods 

As an alternative approach to improving the visual quality 
of compressed video, post-proces:.ing algorit.hm.5 can be 
expressed as recovery problems. In this context, an enhanced 
image must satisfy some measurement of "goodness". This 
metric attcmptS to quantify traits of the original image 
sequence. For example, most image sequences do not contain 
the blocking and ringing artifacts that appear after 
compression. Also, the original imagery rarely exhibits a 
temporal flicker. 

Expressing these traits can be accomplished with either 
deterministic or stochastic models (19]. In the first method, 
an algorithm reduces compression artifacts by finding a 
solution that remains faithful to the decoded result while also 
satisfying a definition of smoothness. These definitions can 
include linear models within a Lagrangian approach [15, 21] 
or non-linear models within a projection onto conve.ll sets 
(POCS) methodology [22]. 

In the Lagrangian techniques, one attempts to minimize 
the function 

(l) 

where r denotes the post-processed image, stored row by row 
in a one-dimensional vector, g denotes the observation 
provided by the compressed bit-stream, C is an operator (or 
filter) that defines the measurement of goo:lness, and l is a 
multiplier that controls the influ1mce of the regularizing 
constraint. In most realizations, C is a high-pass filter that 
enforces a smoothness constraint at 1he block boundaries. 

In some applications, it may be more convenient 10 

express the ideal properties of the post-processed image as a 
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combination of closed and convex sets of solutions. For 
example, instead of penalizing high-frequency content, we 
could say that the energy across the block houndarics is less 
than some threshold. If all of the ideal properties describe the 
original image sequence. a solution is guaranteed 10 exist 
within the union o( the sci of constraints. To find the 
solution, a projection operator is first defined for each set. 
These operators map solutions outside of the constraint into 
the allowable set of solutions. Then, the projection operarors 
are applied with the iteration 

(2) 

where P1 is the projection operator fur the l" set. The 
algorithm continues until f '"' and f' are very close, which 
denotes that the solution is within the intersection of the sets. 

While the Lagrangian and POCS approaches provide a 
method for incorporating deterministic models into the 
recovery procedure, stochastic definitions of image 
"goodness" are also allowable [7, 8, IO]. In these methods, 
the post-processed solution corresponds to the maximum a 
posleriori (MAP) estimate of the image sequence provided to 
the encoder. Thus, after applying Bayes• rule, the post­
processed image must satisfy 

f = arg min log p(f Allow•hlo), 
rA11,,...i,,, 

(3) 

where fAJ"'""""' denotes the set of images represented by the 
compressed result and p is a probability dislribution. In most 
applications, the distributions used for post-processing 
penalize images with significant high-frequency information, 
such as the expression 

p(f),,_!_exp{-_!_ LQ.'(d 0 (r)J}, 
z /3 C 

(4) 

where Z is a normalizing constant, /J is a non-negative 
number. d,, returns the simple difference between the pixel of 
interest and the neighbor in the cth direction and cp is a 
potential function that returns large numbers for large 
differences. 

3.3. Current Work 

In the majority of the previous work, the blocking artifact 
is assumed to be the dominant distortion. Our work attempts 
to extend the methods of image recovery tu higher hi1-ra1e 
applications, specifically MPEG-2 encoders operating at 
broadcast quality data rates. In these applications. ringing 
anifacts become quite important. Also, temporal flickering 
increases. 

Working within the framework of (I), we pose the post• 
processing algorithm as the minimization of 

J(f)= Poer [II r-g ~
2 
+ ,q c,r t d.,lc,r 112 

· +Ai// c1/j2 + J,/1 r - 1Mc 112 } 
(5) 

where f denotes the post-processed image, g denotes the 
observation provided hy rhc compressed bit-srream, C1 and 
C2 are operators (or filters) that enforce smoothness across 

1371 

the horizontal and venical block boundaries, respectively, C, 
is an operator that enforces smoothness within a block, fMc is 
the observation provided by the motion compensaied 
prediction. Pocr is a projection operator that restricts the 
solution to the transmitted set of DCT coefficients. and l,. 12• 

11 and .l, express the relative imponance of each constraint. 
The method of successive approximations provides a 

solution .to (5) and results in the iteration 

r•" = rDCT(r• -a{ r• -g + ,1,c[cif• 
+ ,½C~c,r•+ '4C!c,r• +ih• -r!IK:)}). 

(6) 

where u determines the convergence and rate of convergence 
of the algorithm, and r • and f ••• denote the post-processed 
solution at iterarion k and k+I, respectively. 

Close inspection of (5) reveals 1ha1 each of the major 
compression artifacts is addressed in the method. For 
example, increasing the parameters k1 and k2 reduces 
blocking artifacts, Changing the value of 1, removes ringing 
artifacts, and raising the value of>.,. diminishes the amount of 
temporal flicker. Selecting values for thcse parameters is 

Rgure 1. Example of post-processing algorithm: (a) 
portion of original CCIA601 mage coded with MPEG-2 at 
3.5Mbps; (b) post-processed result by minimizing (5). 
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critical for the success of the algorithm Ideally, these 
parameters should vary relative to the compressed bit·sttcam. 
reflecting changes in the coding mode and bit-rate assigned to 
each block. Techniques that incorporate the bit-stream into 
the parameter se~tion procedure are disc115sed in [ 17, 20). 
An example of the method is shown in Figure I. 

4. Pre-Processing 

Pre-processing is cormnonly utilized in video compression 
systems, though it is not widely discus~ in the literature. 
The goal of a pre-proce:ising algorithm is to remove noise and 
small features from a video sequence, while preserving 
salient information. This affects the visual quality of the 
decoded sequence in two ways. Fu-st. the noise component of 
the original imagery is not transmitted IO the decoder. 
Second, bits previously allocated to the noise are reassigned 
to more eriticil image areas. 

4.1. Previous Work 

Pre-processing algorithms appear at different locations 
within a video compression system Perhaps the most 
obviOU.!i is to position the pre-processing algorithm before the 
encoding procedure. In this location, the pre-processor 
operates directly on the intensity data of the original image 
sequence. For example, applying a low-pass filter to the 
original imagery usually improves the quality of the encoded 
representation, as it removes additive noise. Heuristic 
methods are often employed to design the filter. However, a 
more sound technique is to pose the pre-processing algorilbm 
as an operational rate-distortion problem (6). Design of the 
filter then attempts to maximiu the resulting image quality, 
given a pre-defined bi1-rate. 

An alternative method for pre-processing moves the 
procedure inside the encoder. In this approach, the motion 
compensated prediction is modified. Thus, the values for the 
transmitted error residual are changed, which requires that 
both the encoder and decoder implement the pre-processing 
method. For standards compatible encoding, only two 
compression fonnats support this type of pre-filtering. In 
H.261. the prediction is processed with a Iow-pa.~s filter 
before calculating the error residual [2]. The operation is 
called loop filtering. In H.263+, the decoder filters the block 
boundaries o( the intensity data [3], with the amount of 
smoothing varying relative to the quantimtion parameter. 

Pre-processing techniques also appear after the 
quantization procedure. In these methods, filtering is no 
longer prefonned on intensity data. Instead, the quantized 
DCT coefficients are directly modified [13). The goal of the 
operation is still to remove insignificant features from the 
compressed bit-stream. However, the definition for 
insignificance exploits the structure of the variable length 
c~ that are utilized by the encoder. Small changes in the 
OCT coefficient may introduce significant savings in the bits 
required for the representation. [f the visual impact of these 
changes is negligible, then the pre-processing operation 
should adjust the quantized coefficients. 

4.2. Cunent Work 

Mudifying the intensities within a, video sequence before 
compression provides a very intuitiYe approach to the pre­
filtering problem. Unfortunately, cwnnt video compression 
standards utilize a myriad of predictive coding techniques, 
which complicates the choice of the smoothing kernel. 
Under-smoothing the original video sequence may result in 
exce511ive coding artifacts al a given bit-rate. Alternatively, 
over-smoothing the video data may remove infonnation that 
could be represented at the current bit•rate. 

In an ideal application, selection of the pre-Illter would be 
an iterative procedun:, with the minimum amowit of 
smoothing found so that coding artifacts are removed. 
Unfonunately, practical applications rarely have the luxury of 
the iterative approach. Changing the amount of smoothing in 
the original video data requires the complete re-encoding of 
the current frame. For inter-frame coding techniques, this 
necessillltes !he recalculation of the motion vectors - a 
requirement that precludes time-sensitive applications. 

In our worlc, we are exploring pre-filtering procedures that 
operate on the residual between the predicted and current 
frames. 11us allows us to delay the smoothing decision and 
not effect the calculation of the motion vectors. Additionally, 
adjusting the smoothing parameter 10 minimize coding 
artifacts becomes feasible even in time-sensitive applications. 
Adapting the response of the filter 10 the underlying signal is 
an important component of the operation. A method is 
pre5Cllled for adaptive processing in [ 11]. Higher bit-rate 
applications and non-linear filters are explored in [ 18]. 

Even a simple pre-processing approach can remove both 
additive noise and quantization errors. Figure 2 illustrates the 
improvement In the illustration. an image is conupted by 
additive, Gaussian white noise (SNR=20dB). llle noisy 
image is then encoded with a uaditional MPEG-2 
compression algorithm. The result is plagued by a number of 
spurious DCT coefficients. Re-encoding the noisy image 
with a three-by-three averaging operation as the pre-filter 
improves the result. As can be seen in the figure, the 
spurious OCT coefficients are removed. 
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ABSTRACT 

We develop a new method Jar building a representa­
tion of an image from a library of basis elements that 
is facilitated by a joint adaptive space and frequency 
(JASF) graph. The JASF graph combines partition­
able /r-t:quency e:i:pansion and spatial segmentation of 
the image, symmetrically. We demonstrate by using a 

rate-distortion framework for basis selection that the 
JASF graph improves compression performance over 
recent wavelet packet and double-tree methods by of­
fning exponentially more bases in which to represent 
the images. 

1. INTRODUCTION 

In this paper, we present a method for the jointly­
adaptive, space and frequency aelection of an image 
basis. The joint adaptive space and frequency (JASF) 
graph provides a symmetric decomposition of the image 
into a library of spatially and frequency localized basis 
elements. By performing the frequency expansions in a 
partitionable-form, the JASF graph provides a commu­
tativity in the frequency and spatial operations which 
allows the basis elements to be more efficiently indexed 
by a graph. 

1.1. Adaptive image decomposition 

Recent methods have been developed for adaptively 
compressing images using space- or frequency-based 
image decompositions that involve tree structured ba­
sis selection methods [1, 3, 2]. The objective is to de­
rive a segmentation or filter bank that is customized 
to the imag,:. The two extreme approaches decompose 
the images either by frequency, such as wavelet pack­
ets (WP) [1], or spatially, such as quad-tree (QT) seg­
me11tatiun. Hybric: approaches such as the double-tree 
(DT) incorporate both segmentation and frequency ex­
pansion, but do so asymmetrically [2]. 
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The JASF graph, illustrated in Figure 1, treats 
the space and frequency operations symmetrically in 
a graph structured cascade [4). The WP-tree, QT and 
DT are embedded within the JASF graph. Since the 
J ASF graph provides a more complete decomposition 
of the image and generates a larger number of alterna­
tive bases, the JASF graph improves image compres­
sion performance over these methods. 

ii~~;. 

11
[{:ll~ 

< 

. 

Figure 1: The JASF graph generates a joint space and 
frequency decomposition of the image. 

In general, the tree- and graph-based decomposi­
tions generate libraries of basis elements. A basis el­
ement consists of a set of basis Junctions that is gen­
erated and coded as a group; each basis element cor­
responds to one node in the tree or graph. The ob­
jective of the search for the best basis is to select the 
set of basis elements that have the least total coding 
cost and provide a "complete" set of basis functions. 
The completeness requirement guarantees perfect re­
construction in the absence of quantization. 

l.2. Outline 

We present the JASF graph and the JASF basis gener­
ation and selection system. We present the framework 
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for partitionab/e frequency expansions, which a.re fun­
damental to the JASF graph. We show that by using 
partitionable expansions, the generation of the basis el­
ements and the reconstruction of the image may follow 
a number of equivalent paths. We demonstrate exam­
ples of image cuui11g by extending the fast minimum 
rate distortion cost basis selection method developed 
in [3]. We demonstrate that the JASF graph provides 
approximately 1020 more bases than the DT which gen­
erates a basis element library the same size as the J ASF 
graph and improves compression by 0.5 to 0.9dB. 

2. PARTITIONABLE EXPANSIONS 

In order to provide commutativity in the frequency 
and segmentation operations in the JASF graph, the 
frequency expansions are performed in a parti tiona.ble 
form. In general, any orthonormal expansion produced 
by filter banks is not partitionable but may be made 
partitionable as we explain shortly. Producing the J ASF 
graph expansion of depth Af, requires frequency analy­
sis matrices Ho and H 1 that are at least (M - 1)­
partitionable. 

2.1. 1-partitionable expansion 

We define the 1-partitionable frequency expansion (1-
PFE) as follows: 

Definition l A freq-uency expansion matriz H is 1-
partitionable if and only if it has only zeros in the upper 
right and lower left quadrants. 

If the frequency expamion matrix set {Ho, H 1 } gener­
ates a 1-PFE then the expansion is comprised of sepa­
rate expansions over the two half-length signals, which 
we now illustrate. Firs:. observe that for QMF filter 
banks the finite-signal frequency expansion matrices 
H,, i E {O, 1}, can be written in the following form [4]: 

We construct the 1-PFE from H, by H, Hf + Hf 
as follows, note that for a length N signal, this corre­
sponds to circular convolution of period N /2: 

H (l) - ( 1f, 
i - 0 

0 ) = ( H.f + Hf 
H, 0 1if: 1if ) • 

(2) 
We now state the following useful results and defini­
tion: if the original frequency ex?ansion set {Ha, Hr} 
satisfies the condition of perfect reconstruction and or­
thonorma.lity, that is I13°Ho I Hf Hr = 1N, then the 1-
PFE set {H~1

), H~1
)} is orthonormal and the set {Ho, Hi} 

generates an orthonormal expansion of length N /2. 

70:3 

Definition 2 The 1-pariitionable frequency ezpansion 

{1-PFE) matriz set {H~11 , H\1
)L a .. ~ 1:a1utrm:ted above 

is I-partition able and orthonormal if and only if {Ho, H 1} 
l!atisfiu the perfect reconstruction condition. For proof, 
see /4}. 

The 1-PFE a.nd segmentation are combined into a joint 
space and frequency expansion using a graph of depth 
= 2 as follows: in each of the four decomposition and 
reconstruction paths depicted in Figure 2: start from 
r, generate v,J 's, and resynthesize x, we have perfect 
reconstruction of z. That is, 

r G~1
)Voo + G~1

>,,10 + G~1
)vo1 + G~1

)v11, and 

r G~11 ( vo0 + voi) !- G~
1
) ( v10 + vu), (3) 

where G; == HT, and 5N is an N x N segmentation 
matrix [4]. 

Figure 2: J ASF graph of depth = 2: 1-partitionable 
frequency expansions (1-PFE) (H,,i E {O, l}) and seg­
mentations (Sj,j E {O, 1}). 

2.2. M-partitionable expansion 

In order to construct the JASF graph of depth 2: 2, we 
generalize the 1-PFE to the M-partitionable frequency 
expansion (M-PFE) as follows: 

Definition 3 A frequency e:r.pan.~ion matriz Hi is M­
partitionable if and only if tke upper left and lower right 
quadrants are (11,f - 1)-partitionable. 

The M-PFE analysis transform matrices H!M) for i E 
{O, 1} are described recursively as follows: 

) • (4) 
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As a result, we have that, in general, H)M) are block 
diagonal with 2M partitiuus, as follows: 

u. I o I 0 0 ; 7{, I 

HjM) ~ ( 0 

I ~·1· 0 ) (5) 

0 
0 1-{, 

2"' partitions 

Definition 4 The M-PFE matri:z: set i.H~M), H~M)} 
is M -partitionable and orthonormal if and only if the 
matriz set {Ho, Hi} satisfies the perfect reconstruction 
condition (follows from Eq 4 and proof in [4} for 1-PFE 
case}, 

3. TREE AND GRAPH EXPANSIONS 

The tree- and graph-based decompositions differ in the 
sizes of their basis element libraries .:md/or the number 
of bases they provide. The results are summarized in 
Table 1 for a depth = 6 image decomposition. Exam­
ples of bases from :he WP, QT, DT and J ASF graph 
image decompositions are illustrated in Figure 3. 

G;asis elements 

I WP D 
1365 

! # baoes 10 10' 
expansion f /\ct or 6 6 

Table 1: Comparison of image decompositions of depth 
6 using QT, WP, OT, JASF and RSFT. 

3.1. Single-trees 

The WP and spatial QT image decompositions utilize 
single-trees. Each generates a library of N, basis el­
ements from which may be chosen B, bases to rep­
resent the image. For a single-tree of depth=D with 
splitting factor f3 (for both quad-tree segmentation and 
four-band subband deromposition of images, f3 = 4), 
N, is given recursively by N,(D) cc. l + f]N,(D - I) 
and H, is given by B,(D) == l -i- B,(D - lY,. where 
N,(O) B,(O) ::::- 0. For D - 6 the single-trees gener­
ate B,(6)"" 10 711 bases. 

3.2. Double-tree (DT) 

The DT generates a separate ¥lP-tree for each spatial 
node in the spatial QT. The DT increases the number 
of basis elements and number of bases. The DT gener­
ates Nd( D) = N,(D) +/3Nd( D-1) hasi.s elements and 
Bd(D) = l + B,(D - :)13 + Bi(D - I)B bases, where 
Nd'.G) = Bd(O) -::- 0. For D = 6 the DT generates 
Bd(6):::;; 10127 bases. 

7(14 

(a) QT 

Figure 3: Example QT, WP, DT and JASF graph im­
age bases. Each rectangle (node) corresponds tu a se­
lected basis element. (a) The QT nodes are image seg­
ments. (b) The WP nodes are image subbands. (c) 
The DT nodes are image-segment subbands. (d) The 
JASF graph nodes are, equivalently, segment-subbands 
and subband-segments. 

3.3. JASF graph 

The .J ASF graph integrates the spati11J and partition­
ahle freq·.1ency expansions, symmetrically. The JASF 
graph generates the same number of basis elements as 
the DT but significantly more bases, B1 (D) = 1 + 
2B9 (D - 1)~ + B 9 (D - 2}8' bases, where B 1 (D) = D 
and B 9 (I) 1. For D = 6 the J ASF graph generates 
Bd(6) Re: 10 147 bases. 

3.4. RSFT 

By symmetrically combining segmentation with no11-

partitionable frequency expansion, a rerlundant spac,, 
and frequency tree (RSFT) is generated. The RSFT 
increases the number of basis elements to N,(D) :::: 
1 + 2[3N,(D- I) and the number of bases to B,(D) = 
1 + (JB,(D - 1)1'1, where N,(O) = 0, Br(0) = 0 and 
Br(l) = 1. 

When the frequency expansion is inherently parti 
tionable (i.e., Haar filter bank has H, 's which a.re al­

ready bl~ck-diagonal, that. is H, = ~;Ml), the RSFT 
and J ASF graph generate the identical ha.sis elements. 
However, the RSFT generates multiple copies of each 
basis element. For example, in Table 1, of the 37,449 
basis elements generated by the RSFT, only 7, 737 are 
nrnque. 

Oth~rwise, when using a non-partitionable frequency 
expansion in the RSFT, many of the basis elements 
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are nearly redundant. The difference between many of 
the basis elements stems only from the border exten­
sion used in the filtering operations. We have observed 
that these additional nearly redundant RSFT basis el­
ements provide for little gain in compression perfor­
mance, while they greatly increase the complexity. 

4. JASF BASIS SELECTION 

The selection of a basis from the J ASF graph in valves a 
three-way decision at each node: (1) choose F (frequency­
expansion), (2) choose S (segmentation), or (3) choose 
neither. An example of a selected basis from the JASF 
graph is depicted in Figure 4. The basis selection pro­
cedure is carried out as follows: 

1. Assign a coding cost (J; R. + >..D,) to each 
basis element (node) i in the J ASF graph, where 
El;, D; gives the rate-distortion at trade-off>.. for 
basis element i ( sec [3]). 

2. Starting from the root node, and recursively at 
each F and S child node, choose the least cost 
path: 

where L J;, 1, is the total cost of the F child 
path, I: J,,,, is the total cost of the S child path, 
and J; cost of choosing neither. 

3. The final embedded tree gives the basis with the 
least total cost. 

Figure 4: Example basis selected from JASF graph. 

5. COMPRESSION EVALUATION 

VVe now examine the compression performance of the 
basis selection procedure carried out on the spatial QT, 

705 

WP-tree, DT, JASF graph and RSFT. We used a twelve­
tap QMF filter for the frequency expansions. For the 
JASF graph, the frequency-expansions were carried out 
in the partitionable-form as discussed in Section 2. The 
results, given in Table 2, show that the JASF graph 
improves image compression performance over the spa­
tial QT, WP-tree and DT. Furthermore, the bases se­
lected by the JASF graph are not available in the spa­
tial QT, WP-tree or DT. We see also that the RSFT 
tree provides no compression improvement over the 
JASF graph. The addition in the RSFT of the nearly­
redundant basis elements does not improve the com­
pression performance. 

spatial WP DT JASF RSFT 
QT trf'!~ graph 

0.25 bpp N/A 27.9 db 27.9 db 28.4 db 28.4 db 
0.5 bpp 19.0 db 32.3 db 32.3 db 32.7 db 32.7 db 
1.0bpp 25.l db 36.8 db 36.8 db 17.5 db 37,5 db 
2.0 bpp 33.l db 42.9 db 42.9 db 43.8 db 43,8 db 

Table 2: Compression results on the Barbara image. 

6. SUMMARY 

We developed a method for the jointly adaptive, space 
and frequency selection of an image basis. The JASF 
generatcll a symmetric dccompoaition of the image by 
combining partitionable frequency expansion and spa­
tial segmentation. The JASF graph generates a greater 
number of bases than recent wavelet packet (WP), spa­
tial quad-tree (QT) and double-tree (DT) methods. 
The bases are selected from the JASF graph by choos­
ing at ea.ch node from a frequency expansion, spatial 
segmentation or neither. We demonstrated that im­
age compression performance using the JASF graph 
improves over the QT, WP-tree and DT. 
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Overview of the H.264/AVC Video Coding Standard 
Thomas Wiegand. Uary .I. Sullivan. Senior \!e111he1: Jf:'f:J::. (iislc Hjontcgaar<l. and Ajay Luthra. Senior :'ffrmhe1: ff:f:I: 

.1/Jsn·,ll't- ll.264/A\'C is llt"Wcst i·idro roding standanl of thr 
ITL'-T \'ideo Coding Expt>1-ts Group and the- ISO/U:C Moving 
Pktnn· Experts Grnup. The rual.11 ,:?oats of tlie H.264/AVC sta11-
dardi,:atio11 ,•t'fort ha,·e LWl.'II enhanced compression performance 
and proYision of a "network-frit'ndly" .-ide-o rt'prei;entation 
addressing -cmwersatioaar (video telephony) and ~noncon­
ver~ationar tstorngr, llroadrnst, or streaming) applications. 
H.264/AVC' has iiclilend a significant improvement in rate-distor­
tion efficiency relative to existing standards. This arlide pro\ides 
an overview of the te-cllnical features of Ll.264/AVC, describes 
profile, and applkatiuns for tht! standard, and outlines the liistory 
of the standnrdizntiun prol'ess. 

Tnd,t..: Tt>1·m.~-AVC, H.2<,3, H.264, .JVT, MPEG-2, ,\.1l'EG-4, 
st,rndards, video. 

I. hlTRODliCTION 

H .264/AVC' is the newest international video coding stan­
dard [ I J. By the time ofthis pLiblication. it is expected to 

have been apprnvcd by ITL:-T as Kccornrnendation H.264 and 
by ISO,TEC as lnternational Standard l 4 4% IO ( MPEG-4 part 
IO} Advancctl Video Coding (AVC). 

Tiie \1PECi-2 video coding standard ( also known as ITU-T 
H.2C,2) [21. whid1 wa~ developed ab(mt ten years ago primarily 
as an ~'xl\:nsi(ln of prior M PEG- I video capability with support 
of interlaced video coding, was an enabling tedmolngy for dig­
it.a I television sy.~tems worldwide. It is widely used for the trnns­
missi,m of ,tandard definition (SO) and high definition (IID) 
TV signals over satellite, cable, and terrestriul emission and the 
storage of high-quality SD video signals trnto DVDs, 

However, an increasing munbcr of services and growing 
popularity of higll definition TV are creating greater needs 
for higher coding effieicncy, l\:lorCiwcr, other transmission 
media such as Cable !vlodem, xDSL, or UMTS oiler much 
lower data rates than broadcast channels, and enhanced coding 
dliciency can enable the transmi,sion of more video channels 
or higher quality vidt:'o rt:'presentations within existiJ1g digital 
transmission capacities. 

Vjdco coding li.x tdccc,mnnmication applicatiuns has 
evolved through tile devclOJ)mcnt of the ITL!-T H .261, I-L262 
(l\f PEG-2), and H.263 vi<l..:o crn.ling standards (and later 
enhancements of 11.263 known as 1L2G:J+ and 1L:2G3 + + ), 

\1:muscrirt rcc,·ivcd Ap:il 15. ~()02; revised May IU. 20(.L\. 
I. \\·ic~aHd ,~ wni1 th,· Frnunlivl't:r-ln,t1lt1te Jur frk,·ummunic"trnn,. 

lkinr:d1•licrr,-I,1,titulc. Einslci111Jfrr J7, l(J.5S7 Berlin. Ci<.'mmny (e-mail: 
\\' ieg~md:~~'h h1 .1lt!,>. 

G. J. Sullivan b with the \fo:ro,uft CC1rpc,r:1liL>n, RntmumL WA cJ~U52 l'~,\ 
( l"-111,1il • g:ffy -.11n:ii.mk·ri.h1 ili.L·oni) 

(i_ 11juntL')-!.min! i!-i \\ Hh lh(• T;1111.:lhl..·r~. i"-,;-L)2..J Lysa}u:r, Norv..•ay {1:-tnail: 

gh_i:(t tanJbL·:·g.no> 
A. I ulhr:1 is v.i1b !he Htwalh:iml (prrirr:11nicatinn, l;,,c·tor, Mntorola, Inc \an 

Diego, ( 1. 92 l :21 t i'\A. (r-rnail: :1luthra:p m11torci-b.comJ 
Dig1t:il Object ldcnrilic,· lO. l l ()9.'J CS VT20ll3.~ 15 lb'.-

RNSnrx:tn cXP 

Source 
Pre ~Pru,;,-es.sing 

------< Pust •Plr)CCS....,Jng 
Destination & Error Hec.tt\.'ery 

fig. l. Sn,p;: of videu ,u<ling standar<li,atiun. 

and has divcrsifo:d from ISDN and T 11E I service to embrace 
PSTN, mobile win:kss m,tworks. and LAN!lntcmct network 
delivery. Throughout thi~ evolution, continued efforts have 
been nmde io maxirniLc rnding dlicicncy while dcaling with 
the diversification of network types and their characteristic 
fi:rnnatting and loss/etTor rnhustness requirements, 

Recently the MPEG-4 Vi~ual (MPFCi-4 part 2) ~tarn.lard l5J 
has also begun ro emerge in use in some application domains of 
the rrior cot.ling standards. It has provided video shape coding 
capability, and has »imilarly worked toward broadening the 
range of environments for digital video use. 

In early 1998, the Video Coding Erpl't'IS Gmup (VCFG) 
ITlJ-T SCi I 6 Q.6 i~-.ued a i:all for propo~als on a project called 
H.26L with the target to duuhle the coding ctliciency (which 
means halving the hi1 rate necessary for a given letel of'f'idelity_l 
in comparison to any other cxi.~ting video coding standards for 
a brnad variety of applications. The first draft design fur that 
new standard was adopted in Octoher of 1999. ln December of 
2001, VCEG and the Moving Picture Experrs Group (MPEG) 
ISO;IEC JTC l1SC 29/WG 11 formed a Joillt Thim l'eam 
(.)VT). with the charter lo fornlize the draft new viJco rnding 
standard fr1r formal approval submisc;ion as I I .2MiAVC l 1] in 
March 2003. 

The scope of'the standanlization is illustrated in Fig. l, which 
show, the typical video coding/decoding chain (excluding the 
transpor1 or ~torage uf thL' viueu si_~,rr1al ). A~ ha~ bccn the case 
for all ITU-T and ISo:u.:c video coding standards. only the 
central decoder is standardized, by imposing restrictions on th1.: 
bitstri:am and syntax, anJ defining the Jecoding process of the 
syntax elements such that every decoder confi.11111ing to the stan­
dard will produce similar output when gi,e11 an cncod,xl bit­
stream that confonns IO the constraint~ nfthe standard. ·n,is lim­
itation of the scope of the standard pcnnits maximal freedom 
Lo optimize implementations in a nw1mcr appropria1c lo spe­
cific applicatitms (balancing compre%ion quality. implementa­
tiun cost. time to market. etc.). However, it provitks no guaran­
tees of end-to-end reproduction quality as it allows even crude 
encoding teclmiqLICs to be comidercd confom1ing, 

Tit is paper is orga11i1cd as frlllow-;. Section I I pn1v1dcs a high­
leYel overview ofll.2M:AVC applications and highlights s,ime 
key teclmit·aJ fl'atures of the dc::.;ign thi:1t rnabk irnprovt:J opcr­
arion for this broad variety of application~. Section m explains 
the network abstraction luyer (NAL) and !he 01·erall structure 
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., 1---...iviueo Coding Layer 
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0 
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Coded M.icrohlnck 

j 1-----i Dara Pnrrit1oning 

Coded Slice/Parti1ion 

I Network Abstraction Layer! 

H.320 MP~FF H.323/!P' MPE0-2 ·'. etc. 

Fip.. 2 :-,1rucw,·e o1 H.2M ·AVC viJ,..,-, ,:-ncoder. 

ofH.2<,4iAVC codL·d vidcu data. TI1e video coding laya I VCLJ 
is described in Section JV. Sectio11 V e,ph1ins the profil<'s sup­
ported by 11.2(,4.'AVC and some plltential ~1pplication area!s of 
the standard. 

n .. .\PPLICATIOJ\S AND Dr:srm, fl'ATtlRP Jllrn1um1Ts 

ThL' nr.:w stamfard is dr.:signl.'d for technical solutions in­
cluding at le;,ist the tiJllowing applicati(m areas 

• Broadcast over cable.satellite. cahle modern. DSL, terres­
trial, etc. 

• lnkracti-1:e or ~erial storage on optical and magnetic di.:'­
viccs. DVD. etc. 

• Conversational services over ISDN, EU1anet, LAN. DSL 
wireless and mobile networks. modem~. etc. nr rnixLure:­
of these. 

• Video-on-denrn11d or· multimedia streaming ser\'ices over 
ISDl'-i, rnbk modern, DSL LAN. wirdess 11etwnrks, etc. 

• Multimedia messaging services (MMS) over ISO!\, DSL 
ethcmet. LAN. wireless and mnhik networks. etc. 

Moreover, new applH:ations may be deployed over existing amJ 
future networks, /'his raises Lhc question about ho\\' f(1 handle 
this variety of arplicotions and networks. 

To address this need for flexibility and customiz1Jbility. the 
H.164/AVC Jesign Cl1ven; a VCL whiL'.h i~ desii,med lo ell1-
cii.:'t1tly represent the video content, and a NAL, which formats 
th<' VCL n:pre,entation ol'the video and provides header infor­
mation in a manner appropriate for com,eyancc hy a \'aricty of 
transport laycrs or storage media ( sec Fig. 2). 

Relnt1w to prior vidcu coding methods, as exempli1kd by 
Ml'l--'G-1 video, some highlighted foatures nfthe design that en­
able enhanccd coding ctticiency include the follmving enhance­
ments of the ability to predict the valucs of tl1e content of a pic­
ture to hl' rncodcd. 

• Variable hlock-size motion rompens;itiou with small 
hlock sizes: This ~wndard supports more llcxibilily i11 Ilic 
selection of motion compensation blm:k ~izes and shapes 
than any previous standard, v. ilh a minimum luma nrntion 
compensation block si7e as ~mall as 4 x 4. 

• Quarter-sample-accurate motion compt'nsatiou: Must 
prior standards enable half-sample mot inn vector acclJr,1ey 
at most. The new design improves up on thi~ hy adding 
quarler-~;1111ple motion vector ,1Lccuracy. a~ first !()uml ill 
.u, achanccd prntilc nfrhc l\:1P[Ci-4 Vimal (part 2) stan-
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dard. but fu11ha reLluces the complexity L'f the interpola­
tion processing compared to the prior design. 
\fotion vectors over picture houndaril.'s: While motion 
wctors in "-1PEG-2 a11d its prc>decesimrs were required to 
point only to areas \Vithin rhc prcviomly-decoded refer­
ence picture. the picture huundmy exrrapolation technique 
fir,t found as an optiunal fraturc in H.2Ci3 is included in 
11264./AVC. 

• \·lultiplc rcfrrcncl' pkturl' motion compensation: Pre­
dictively coded pictures (called '·P"' picture,) in 'vfPF:G-2 
and its predecessors used only one previous picture to pre­
dict the values in an incoming picture. J'hc m~w dc,ign ex­
tends upon the cuhanced rctcrence picture sch.-ctirni tech­
nique found in 11.:LG:I, + to enable efficient coding hy al­
lowing an encoder to sekcl, li.-1r motion compensation pur­
po,e'i, among a larger number of pictt1rcs that have been 
decoded and stored in the decoder. TI1e same extension 
uf rcfrrcncing: u1pabili1y is alsLi applied to motion-com­
pensated hi-prediction, which is restricted in MPEG-2 to 
using two specific pictures only ( one of these being the 
previous iut.ra (I J or P picture in display lWder and the other 
being the next I or P picture in display order). 

• Decou1>ling of referendng order from display order: 
In prior standards. there was a ~trict dependency between 
thL' ordcring of pictures for motion compensation refer­
encing purposes and the ordering of pictures fix di~play 
purposes. In H.2M!AVC. thc,e restrictions arc largely rc­
movelL allowing the encoder LO choose tht> ordering of 
pictures for referencing and display purposes with a high 
dq.,>ree uf flexibility constrained only by a total memory 
capacity bound impuscd tu cn~ure decoding ability. Re­
moval of the restriction also cnahh-s removing the extra 
delay prc\'iomly associated with bi-predictive c0<.iing. 

• Decoupling of picture representation methods from 
picture rcfrrcncing capability: Jn prior standards, 
pictures encoded using some cncuding method;; (narndy 
hi-prc:dictivcly-encodcd rictures) could not he used as 
refrrences for predirtion of other pictmes in the video 
se4ucncc. Hy removing this restriction, the new standard 
provides the encoder more tkxibility and. in many cases, 
an ability to Lise a picture for referencing that i:s a closer 
apprnxi11rnliun lo the pictur..: being encoded. 

• Weighted prl'diction: A new innovation iu 11.264.'AVC 
allows the motion-compensated prediction si!,,'118I to be 
weighted ;111d offset hy amnutit~ spccifi..:-d by tltc encoder. 
TI1is L',m drnnrntically improve coding efficie11cy for 
scenes cuntai11i11g f'atk:s. ai1<l can be used lkx.ihly fur 
nther pllrpn;;e, a,; well. 

• Jmpnwed "ski11pt'd" and "direct'' motion inference: Jn 
prior st:rndards. a ··si.. ippcd" urea of a prcdicli,·ely-rndcd 
picture rnuld not motitm in the se.::ne content. This bad 
a tk:trimrntal dTe-:1 when ~oding video containing global 
motion, so the new 11.264/;\VC design instend infer, mo­
tion in ··skippeJ"' areas. For bi-predictively co<lcd areas 
/called B slices), IJ.264:'i\VC .il~o incluues an enhanced 
motion interence method known as ''direct" motion com­
pensation. which impwves further on prior "dirccl" pre­
diction designs found in TT. :w:1+ and /vlPFCi-4 Visu;,il. 
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• Dirediomil sp11lial prediction for intra coding: A new 
h?chniquc of ex tr:ipolating the edge, of the previousty-de­
cudcd part, uf the current picture is applied in regions of 
pictures that are coded as intrn (i e .. coded witl1out ref­
erence to rhe content of ~ome ncher picrnrc). This im­
pnnc>s the quality of the prediction signal. :md also alhms 
prc'.diction frnm neighboring an:a~ that were m1t cmk:d 
11-.ing intra L'tiding (s,m1<.:thing not enabled when using 
the rransfom1-domain prediction metlwd found in 11.:lt;:.i+ 
and lvf PEG-4 Visual). 

• In-the-loop ckhlocking filtering: Ulock-based 1,ideo 
coding produces artifacts kno\vn as blocking artifacts. 
Th~·se nm origim.He from bLith lhe pn:diction uml n:sidual 
uifference coding stages of the decoding process. Appli­
c.1tion of an auaplive dL·blocking filter is a well-known 
method ofimpro\ing the resulting video quality. and \vhen 
designed well. this can improve both objective and sub­
jective video quality. Buikling further un a concept from 
an nrtional feature of H.21;;1+. the dehlncking tilter in 
the H.26·-VAVC design is brought within tl1e motion-com­
r.:mated prt'diction loop, -;o that this improvement in 
quality can be u:sed in inter-picture prediction to improve 
the abilily lo predict other pictures as wdl. 

In addition to impmved prediction methods. other parts of 
thL? dcsign were also ,:nhanced for improved coditig efficiency, 
including rhc· following. 

• Small block-size transform: All major prior video 
rnding ,tandanis u~cd a transfrim1 block sin· ol' 8 x 8, 
while Ilic new H.264/AVC design is based primarily on 
a 4 x4 transfonn. This allows the encoder to represent 
signals in a mun: locally-aduptive fashion. which n:<luees 
artifacts known colloquially as "ringing'". (The smaller 
block size is also justified partly by the advances in the 
ability to bctlcr predict the contcllt of the vi<lco using 
the techniques noted uliove, anu by the need to provide 
tram,fonn regions with boumfaries lhut con-cspond to 
those or the smallest rrediction regions.) 
Hiernrchical block transform: While in mos1 cases. 
u:;ing the -;mall 4x4 lrnnsform blol'.k ~izc is p.:rn:ptually 
beneficial. there are some signals that contain ,ufficient 
correlation tu ca(] for some method of using a repre• 
sen tat ion with hmger has is functions. The 11.264:AVC 
st:mdard enables thi~ in two ways: l) by using a hicrar­
d1i1.:al transfonn lo extend tlie dTcctive blod size use 
for lnw-fo,:qttency chroma infonnation to an 8 >< 8 array 
and 2 l by allowing tbe encoder Ill select a special coding 
1ype for intrn coding. enabling extension of the length of 
the luma transform for low-frequency information to u 
16 x 16 block si1.e in a marmer very similar !o 1ha1 applied 
to the chmma. 

• Short \-\'ord-kngth transform: All prior ,tandard de­
signs have effectively required encoder, and decoder~ t0 

u~e more co111plex prm:cs~ing for transfom1 computation. 
\Vhile previln1s designs have generally required 32-bit 
processinl:(. the H.264!;\VC design re4uires only 16-hil 
arithmetic. 

• Fxact-match im:erse tr:msform: In pre\ioll~ vidl'o 
rnding slant.lards, till' tran~fom1 u;;,e<l for rcprcsc11ti11g 
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the \ideo was generally spe..:ifieu LlJl!y within an error 
tolerance bound. due to the impracticality ,,f obtaining an 
exa,:t match to the ideal specified inverse tnmsforn1. As 
a result, each decoder design would produce ,lightly dif­
frrent decoded video. causing a "drift" between encoder 
and decoder representation of the video Jnd reduci11g 
cffretivc \ideo quality. Ruilding on a path laid out as an 
optional foatun: in the ll.21i:J + -L effiirL H.2fi4.AVC is 
the first standard to achieve exact equalitv of decoded 
video Cllnlcnt from all decoders. 

• Arithmetic entropy coding: A.11 advanced entropy 
coding mctbt,d known as arithmeti,: coding is included 
in 1-1.264/AVC. While :uithmL·tic codillg was prc\iously 
found as an optional feature of 11.26:t a more effective 
use of this l<-'chniquc is found in H.26--l/AVC to create a 
very powerful entropy coding method known as CABAC 
(rnntcxt-adapti\'e binary arithmetic coding). 

• Conte\.t-adaptiw entrop)' coding: Thc two entnipy 
coding methods applied in H.264/i\VC, tenned C\VLC 
( context-adaptive vmiabll·-lcngtl1 codmgl and C\BAC, 
b1lth use context-based adaptiviry to imprnve performance 
relative to prior standard designs. 

Robustness to data crrorsiloss.:s and Dcxibility for operation 
over a variety of network environments is enabled hy a number 
ofdcsie-n aspects new tu the H,264iAVC standard, rncludmg the 
following highlighted learnres. 

• Parameter set structure: The parameter s.:t design pro­
vides fi:ir robust and dlieient cumcy;mce header infrmmi­
tinn. As the los'> of a few key bits of information (such as 
sequence header or piclllre header infom1ation) could have 
a severe negative impact on the decoding process wh.:n 
using prior standards. this key information was si:parated 
for handling in a mnrc fl,:xible and ,pecialized manner in 
the H.264/AVC design. 

• :'IAL unit syntax structure: Each syntax structure in 
H.264u\.VC is placed into a logical data packet called a 
NA L unit. Rather than frwcing a specific bitstream inter­
face to the system a:,; in prior video coding standards. the 
:\/AL uuit syntax structure allo\~, greater custumi1:ation 
of the method of carrying the video content in a manner 
appropriate for each spedfic network. 

• Flexihle slice size: Unlike the rigid slice structure found in 
MPEG-2 , which reduces coding etliciency by increasing 
1he LJUanlity of hrnder data mid dccn:asing the eJl'c:ctive­
ness nf preciictio111, slice ,izes in H.264/AVC are highly 
t1exib1e, a~ was the case earlier in I\1PEU-1. 

• Flexihle macroblock ordering (FMO): A new ,1bility to 
partition the picture into regions called ~lice groups has 
been developed, with each slii:e becoming an imlt::;pen­
ciently-dcendahle subset of a slice group. When used cf .. 
foctivdy, ikxible macrohluck ordering can significantly 
enhan.:e robustness to data losses by managing the spatial 
relatlonship between the regions that arc ended in each 
slice. (FMO can also be used t<.1r a variety of other pur­
pose, a~ wdl.) 

• Arbitrar~' slice ordering (ASO): Si11L'e- each ~lice of a 
coded pietLm: can be (apprnximatdy} decoded indepcn­
Lkntly of the otlwr slices or thL' pidurc, the 11.264/AVC 
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design enahles ,cnding and recei\·ing the slices or the 
picrnrc in any order rdati\•l' to t:ach other. This capability, 
first found in an optional part of II :2(l:1+. can impnJ\c 
end-to-end delay in re,11-rime applications, particularly 
when used on networks haYing out-ofnrdcr delivery 
bd1avior (e.g .. intern<'! protocol networks I. 

• Redundant pkture~: In order to enhance rohu~tncss Lu 

data loss. the }J.264'.AVC de•-ign contains a new ability 
to allow an encoder ro send r<="dundant rl'prcsenwrio11s of 
1Tg:inn~ Df piL·t1ircs, em1hling a ( typically somewhat dc­
graded) rcpre~entritiLlll ufregion;; ofpicum.'s li.ir which tJ1c 
primary reprc,cnt,nion has been lost during data tnmsmis­
~1rn1, 

• Data Partitioning: Since some coded information for r1:p­
rc~cntatiun uf e3ch regiun (e.g .. motion vectors arnl other 
prediction in l11rmntio11} is more impc,rtant or more valu­
,ible than Dthcr information for purposes of representing 
the video rnntL'.111, U.264:'AVC allows 1hc syntax of each 
slice t11 he separated into up to three difterent partitions for 
transmission, dcpcnding on a catcgurizutiDn ursynt~x cle­
ments. Thi-; part of the design builds turther on a path taken 
in MPEG-4 Visual ,md in an optional pan uf H .'.2CJ i , . 
Herc, the design is .\implificd by having a sin~k~ syntax 
with partitioning of that ,am<:' <:yntax comrolled by a spec­
ified categorization of syntax clements. 

• SP/SI sy11chronintion/switching pictures: The 
H.2<,41AVC dc,ign includes a new feature consisting 
l'f pil'.lure type~ that allcJW 1:!Xm:t ,ym:hroni:,..ativn of the 
decoding process of some decoders with an ongoing video 
stream p1wJ11ced hy other decoders without penalizing 
all decoders with the loss of efficicn,~y resulting from 
sending an [ picture This can enable switching a decoder 
bdwc-en representations of the video coment that used 
ditfcrcnr data rate~. recovery from data lo,,c, or Cffors, 
n, well as enabling trick modes such as fast-forward, 
fost-rcversc, etc. 

In Sections Ill and IV. a more detailed de-;cription of the key 
features is givc11, 

JU. NAL 

The i\;\ L is designed in order to provide "network fricndli­
ness" to cnabk simple and dfrctive customin1iiou of the use of 
the VCI for a broad variety of systems. 

TI1e 1',;AL focilitatefi the abilit:, It) map l l.26VAVC VCL data 
to transport layer~ such as: 

• R rP"IP for any kind of real-time wire-line arid win.:lcss 
Internet services (conversationul a11d streaming); 

• filc tomiats, c.J! .. ISO !v1P4 for storage anJ i',.L\.IS: 
• fU2X for w1rdine and wirck,, eorwersational services; 
• .\:tPEli-2 systems for broadeastmg si.:niccs, etc. 

l'hc full dcgri.:e of cu~tomization nf the- vich~D c-cmtent to fit the 
nl'cds of cad1 particular application is outside the sc·ope of the 
H.2(,4'i\VC ~tandardizatilln effort but tl1<:" design of the l\J:\L 
anticipates a , ariL·ty (If ,uch mapping.,. SPmc kcy concl'pls of 
the NAL are \JAL units, byte stream, aJ1d pach't format uses of 
:\,\ L unit,. parameter sets. and acC1,:s, 1111its. 1\ ~1](>11 dc·,crip­
tiun of these co11ccpt,; i, gih'll bl'lm~ whereas a more dctailcd 
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de~rription including e!Tor resilic·nce a spec ts 1s provickd 111 I 6 I 
and [7]. 

The coded ,ili.:u data is organi,.cd into I\',.\ [ Ullll'l. cud1 uf 
whid1 is efth·tively a packet that rnnrnins nn mteger nllmber 
of byt.:s. The fir,! bytc ,if carh NAL unit is a hcad.:r byte that 
o)ntain<; an indication of the type of data i11 the NAL unit. nnd 
the remaining bytes contain paylm1J data of the type indicated 
by the header. 

The payload data in the NA L unit i~ intcrlC'3vcd as necessary 
1.1ith emularion pre1entiu11 h1·res, which arc bytes in.sertcd with 
a specific val1Je to prev.:-nt a particular rattcrn of data called a 
srart code prefix from being aecidcntallv gcncrakd inside the 
payluaJ. 

The N/\L unit st11.1ch1re definition specifics a generic fomrnt 
for use in both packet-oriented and hitstream-Drienkd transpo11 
systems, and a series of NAL unit~ generated by an encoder is 
referred to as a :\AL unit ~trcam. 

B. ,VAL L)11irs in lfrte-Srream hmnar l/S'f' 

Some systems (e.g., H.320 and MPEG-2111.222.0 5yste111s) 
require delivery ofthe entire or partial NAL umt stream as an or­
dered stream of bytes or hits within whicli the locnr1011s of NAI, 
unit boundaries need to bL' identifiable- from patterns within the 
coded d:lla itself. 

For u~e in ;:uch .;;ysterns. the H.264:'i\VC specification defines 
a byte ~tream format. 111 the byte stremn lt)m1at, each NAL unit 
is prefixed by a specific pattern oftl1rce bytes called a start code 
prefix. The boundaries oft he NAL unit can U1..:n be iJcntili(,d by 
searching the coded data for the unique start code prefix pattern. 
The use of emulation prevention bytes guarantL'es that start codL' 
prefixes are unique identifiers or the start of a new NAL unit. 

A small amount of additional data (one byte per v1dc•o pic­
ture} is also added to allow dccodi:rs tl1al Dpcrnte in ~yslerns that 
provide streams of bits without alignment to byte boundaric, to 
ri:cowr the neccssary alignmi:nt from thL' data in the stream. 

Additional data can also be in.,ened in the byte stream lhnnat 
that a!Jm.,·s cxp:msion of the umount of data to be ~en! and can 
aid in achieving !Tlllrc rnpid byte aligmllL'lll rccowry, if(k~ircd. 

C. ,\'../ I, U11irs in Pa1..J..et-Tiw1spor1 St:~tem [..'.re 

!11 othL'r systems (c.g .. inkmet prnrocof.:RTP sy,tcms), the 
codeJ data is ca1Tied in packets thnt are framed hy the system 
transport prntocnl. and identification of the boundaries ,if ,'JAL 
unit, \\ itllin the pai::kd$ .:a11 be eslublishcd without use of st:.ni 
code prefix patterns. In suelJ systems, the inclusion of start code 
prcfixc·s i11 the data would be: a wast.: of ddla c.irrying c,ipacity. 
so instead the NAL u111ts L'm1 be carried i11 dma pack.els witlwut 
start code prcfixc~. 

D. l'CL and Son-l·Cl ;\AL Units 

N/\L units are clas,ifiNl into \/CL and 11un-VCL N.c\L u11ih. 

ThL' VCL 'JAL units contain thc data that reprcscnt-- the \'allies 
(,r the sample-s in tl1c vidct) pictures. aud the nnn-VCL NAL 
units contain any as~ociatcd mlditional i11furrnatio11 such as pa­
rametc,r set,; (important header daw that c.m apply to a largL~ 
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numhcr orVCJ NAL units) and ~llpplcmental enhancement 111-

formation (timing inJonnation and other supplemenlal data that 
may c:nhance usnbility of the decoded video signal but are not 
ncccssary for dccoding thc valucs of the smnplcs in the video 
pictures). 

1:;. Parameter Sers 

A parameter set is supposed w contain information that is 
expcetcd to rarely change and offers the decoding of a large 
number of VCL NAL units. Th-:re an: two lypcs of parameter 
sets: 

• sequence par;uneter sets. which apply to a series of con­
secutive cuJcd vidco pictures calkd a coJet.l video se­
quence; 

• pii.:wn: parameter scts, which apply to thc decoding of one 
or mon: individual pictures within a coded vid00 sequence. 

The sequence and picture parameter-set mechanism decouples 
the tran,mi~sion of infrequently changing infunm1 lion from the 
transmission of coded repre<;entations of the values nf the sam­
pks in the video pictures. Each Vl 'L l\AL 1mit contains an ilkn­
tificr thal refers to the content of the relevant picture parameter 
set and each picture parameter set contains an identifier that 
rcfrrs to the content of the rdevant scqucnu: paraiueter ~ct. In 
this manner. a small amount of data (the identifier) can he used 
to rdcr to a larger amount of information (the parameter sci) 

without r~pcating thaf infrmnation ivit.hin each VCI NAL unit. 
Sequence and picture parameter sets can he ,ent well ahead 

(,fthe VCL NAL units lhat lhey apply to. and ca11 be repealed tu 
provide rnblJs1ness against data loss Tn some applications. pa­
rameter sets may be sent within the clrnnncl that earries the VCL 
NA!. unib (tern11:d "in-hand'' lr:rnsmi%ion). In other applica­
tions (sec Fig. JL it can he advantageous to convey the pt1ram­
der sets "out-of-band" using a more reliable tran!,port mecha­
nism than rhc vidw channd it,clf. 

A ,ct of NAT. units in a specified form is referred Ln as an 
access unit. TI1c decoding of each access unit results in one dc­
rnded pieturn. The formal of ~n ac:ces;; unit is shown in rig. 4. 

Each acL-css unit contains a set of VCL NAL unit~ that to­
gether compose a pri111111:1· ( oded picture. It may ttl,o be prefixed 
1\-ith an w·cess 1111/1 dt'limil1T to aid in locating the start of the 
access uuit. Some .rnppfemental e11hancem;;,11/ i11/ormalio11 con­
taining data such as picture timing infrmnarinn may also precede 
the primarv coded picture. 
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access ur,~ deliniter -] 

I 

SE! 

' -pnmary codeel picture 

' redundant coded picture 

___ e_n_d_o1_1,...q_u_,m_ce ____ -1 
~-end_Of~sire_am_--_~;J 

end 

Fig. 4. Structure of an nccc,~ unit. 

TI1e primary coded picture cun!iiMs ofa set ofVCL NAL units 
consisling of slice.l' or slice dota partilfom that repn:s.:nt the 
samp Jes of the video picture. 

Folklwing the primary coded picmrc may be some additional 
VCL NAL units that contain rcdund,mt representations of arcus 
of the s,1me video picture. These are referret.1 to as redwuiafll 

coded picl11rc?s. and arc available for use by a decoder in recov­
ering from loss or corruption of the darn in the primary coded 
pictures. Decoders are not required to decode redundant ended 
pictures if they arc present. 

Finally. if the coded picture is the last pichire of a coded 
video sequence (a sequence of picture~ that is independently 
decodoble and uses only one sequence parameter set), an er/ii 

o(seq11c11cc NAL unit may be prc~ent to indicaf:L' the end of the 
sequcm:c: and if tlw rnu,:c.l picture is the lasl ct>tlcd picture i11 

the entire :'\JAL unit stream. an end 0(1tream :--JAL unit may be 
pre~cnt to indicate lhat the stream is c:nding. 

G. C'oded Video Sequences 

A coded video sequence cunsisls of a series of acees~ units 
that arc sequential in the 1\Al. unit ~trcam and use only one se­
quence parnnK'tcr set. Each l'odcd vid~o scqucni.:L' can be de­
coded independently of ,rny Lither coded video sequence. given 
the 11ceessary pan:um:tcr set infonnation, which may he con­
veyed "in-band" or "out-uf-b:md'". Al the beginning of 11 coded 
vid(.;u sequcncc i~ an i11s11mranco1rs decoding wfn'sh ([DI·{} ac­
cess unit. An !DR access unil contains au intra picll1rL~a coded 
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pictun: that can bl'. decoded \\ ithou1 decoding nny prcvi,,us pic­
tures in the NAL unit stream. and the presence of an IDR access 
unit indicate~ that no ,ubscqucnt picture in the stream will re­
quire reference to picturc~ prior to tlw intra picturc it contaius 
in order to be decoded. 

A NAL unit stream may contain ont' or mon: cmkd video 
seq11ences. 

rv VCL 

As in all prior ITU-T and ISO/TEC JTCI video ,tandards 
since H.:?.61 [3 ]. the VCL design follows the so-called block­
based hybrid video coding approach (as depicted in Fig. 8), in 
which each coded picture is represented in block-shaped units of 
a,-:;ociateu luma anJ d1ru111a sampks called macroblockl', The 
basic ~ourl'.e-cnding algorithm is a hyhrid of imer-picture pre­
dictio11 to exploit temporal statistical dcpcnd<?ncies and trans­
form coding of the prediction residual to exploit spatial statis­
tical dependencies. There is no single coding element Ill the 
VCL thal proviJc.,; the majority of the si!,.'Iliticant improvement 
in compre,,ion efficiency in relation to prior video coding stan­
dards. It is rather a plurality of smaller impnwenwnts that add 
up to the signiJkant gain. 

A. Picr111'C'S, Frames. and Field~· 

A coded video sequence in 11.264/AVC consists ofa sequence 
ofcodf:'d pictures, A COUL'.d picture in Ill can rcpre,ent either an 
rntin.:_lhune or a siugk:/rrdd, ilS was also the Lase fur 1\tPEG-2 
Yide,J, 

Generally. a frame of video can be rnnsidereJ to contain two 
interleaved field~. a L11p and a bL11to111 field. The LOp field contains 
l'VC:n-mm1bcn:d ruws (L 2 ... . Hi:?~ I with H being the number of 
row, ot'the frame, The bot10m field comains the odu-number1:d 
rnw, (starting with rhc scc:ond line ofthc frame). Tfth1e two tielcb 
of a frame \\ ere caprured at different time instants. the frame is 
referred to as an int<?rlaccd frame. and orhcrni,c it is referred to 
as a progressive framc ( sec Fig, 5 ;. The coding representation in 
H .264:;\VC is primarily agnostic with respect to this video char­
actcri~tic. i.e., the undnlyin~ intcrbL'.cd nr progrcssi\c timing of 
the original captured pictures. lnstcnd, its cciding specific, a rep­
rcscntatilln based pri111a1ily on geomctri<: com:.;pts rather than 
hcing based on timing. 

~SDOCID <XP 

B. } C/,Cr Coi,Jr Space and-!:.:.' 0 Sampling 

The human \·isual system SCL't11, tu perci:ivc scene content in 
Lcrm, of brightness and colN information separately. and \\ ill1 
greata ~cnsitivity to the dctaih u f brightrwss than color, Vilko 
transmi~~iun sysh:ms 1:,m be designed to take' aJvanwgc oftl1i~. 
I TI1is is true of conventional analog TV systems as well as dig­
ital ones.) In H.264/AVC as in prior swndards. this is done by 
using a YC'bCr color space 1ogdhe1 with reducing Lhe sampling 
resolution of thi: Cb and Cr chroma inforn1ation. 

TI1e video color space used by H.2641AVC separates a color 
represenwtion into three compom:nts callcu Y. Cb. and Cr. Corn­
pnncm Y is called /11nw. and rcprcc:ents brightness. The two 
chroma components Cb am! Cr represent the e.xtent to which 
Lhc color deviate:, frnm grny tow::ird blue and red, re;;pceti\·dy. 
(TI1e tenns hmrn and chroma arc used in this papL·r and in the 
standard rather than the terms lumirmrwe and chrommance" in 
11rdcr to avoid the implication of the u1:c of linear light transfrr 
drnrnctcristics that i~ oHen associated with the terms luminance 
and chrominance.) 

Bc..:ausl' thL' hum;m vi,,ual syslcm is more se11sitivc to lu111a 
than chrnma. ll.26'1/!\VC uses a sampling structure in which 
thl' chroma compllncnt has oni:: fourth of the number of samples 
than tht" luma componem (half the number of samples in l1Lith 
thi: horizontal and vertical dimensions). Thi, is c.illcd 4:2:(1 sam­
pling with 8 bits or prcc is ion per sample. The sampling structure 
used is the same :is in !vtl'b.G-2 \fain-profile video. ( Proposals 
±hr cxlcnsion of the ;,;t:mdanl tu al:;u support higher-resolution 
chroma and a larger number of bits per ~ample arc CLUTcntly 
hcing considered.) 

C [)iv1\io11 of the Picll.1n- Into Macmhlocks 

A picture is pa1iitioned into fixed-size macroblocks that ead1 
cover a rectangular piclure area of 16 x 16 sampks of the luma 
component and ls x 8 samples of each of the two chroma compo­
nents. 'J his p;,rtitioning into macroblocks has been adopted into 
all previous ITL-T mid ISO:fEC JTC I viJco coding ~tandards 
since I l.261 [J J. \facrohlocks are the basic building blocks o( 
the ~tambrd for which the dcrnding process is speL:ified. Thi: 
basic coding algorithm for a macroblock is described alter we 
explain bow macrnblm:ks are grouped into slices. 

n Slin·s and Sliff Gm11p1· 

Slices are a sequence of nrncrob!m:h whid1 are processed 
in the order or a rasLer :-.can when nDt ming l·l'l-10 which i" de­
scribed 111 the next paragraph, A piL·turc maybe ~plit into one or 
c;everal slices as shown in Fig. 6. :\ picture is 1herefrire a col­
lection of one or more slices in Ii .:?.r14:AVC Slices arc sclf-ron­
tain<.'J in the ~e-nse that given the active seqLtence and pil'lure 
par-amctcr sets, their syntax clcmcnt~ can be parscd from the 
bitstrcam and the HJ lucs of the samples in the area of the picture 
that the slice repn•,rnts nm be correctly decoded without use of 
Jata frnm other slices provided that utili.1.cd n:fi..·rcncL' piL'ILtrCs 
are idtHtical :ll encoder and dernder. Some informntJou from 
other ,dice~ may he needed 10 apply the dcbloeking lilt.:r aero~~ 
slice bou11Jarics. 
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• Slice #1 

F\-10 mudifies the way lrnw pictures are partitioned into 
~lice.~ ami macrobloc:ks by utilizing the concept ofx!ice gmups. 
Facl1 slice group is a ,et of mac rob locks defined by a mac­
rvNrn -I<. to slice group map, which is six:cificd by the content 
of thL· picture parrrn1cter set and some inforrnati()n from slice 
headers. TI1e macrohlod.: to slice grnup map consists of a slice 
group identific:llion number for each macroblock in the picture. 
specifying which slice group the associated macrnblock he­
longs to. Faeh slice group can be partitioned into one or more 
slices. \uch that a sliC'0 is a sequence of macrobhicks ~,ithin 
the same .~lice group that is processed in the order of a raster 
scai1 ,vithin the set of macrnblock, of a particular slice group. 
(The case when FMO is nor in use can be view0d as the simple 
special case of F:'v10 i•1 whicb the whole picture consists of a 
~ingle ,;lice group.) 

!Jsing F\·10, a pidure can be ~plil int() many maL-roblock 
,c,mn ing patterns such as interleaveu slices. a cli-;persed mac­
mhlock allrn.:ation. one or more "foreground'" slice group~ and 
a "leftmt'r'· slice group. or a checker-board type of mapping. 
The latter twn ar,, illustrated in rig. 7. !he kft-h,md ~idc 
macroblock lo ~licc group mappin!,! ha~ bcrn dernonslralcd 
for use in region-of-interest type of coding applicntilsn,. The 
right-hand sidl' mucrnblock. to slice group mapping ha:,, hem 
demon.~tra1ed useful fhr concealment m video co11/;.:rcnci11g 
applicatiom 1~berc slkc group #0 and slice group # I arc 
transmitted in separate pai.:kcts and om: uf them is lo~L Fur 
more details on the use of Fl'v!O, qee [ 14]. 

Regardless of \1licth~·r F/\.10 i~ in 11,c or not. each slice can 
be L'o,kd u~ing diHi:rcnl Cl1di11g type, ns fi:1Jlows. 

• I slice: A slice in which all marroblock.s of the slice are 
coded using intra prediction. 

• P slice: In additim1 to the coding type's of the I slice. smnc 
macrnblocks of the P ,lice can also be coded using inter 
1m.:diction with at most ,me rnution-compensatcd pn.:dic• 
l1011 signal per prediction block. 

• R slice: In addition to the coding type~ ilvailablc in a I' 
~lice. srnm: macrnblocb of the TI slice can abo be eu<lc<l 

lNSDOC1D d(P l t D99249A ! > 

using imcr pre<liction with nro motio1H.'.Dt11pen~ated pre­
dictiL)fl ~ignal~ pc.:r prcdietio11 block. 

Tlic ahm e three coding types urc \ .:ry similar to thusc iu pre­
vious standards with thl.' exception uf the tht: of reference pic­
tun:s as described bdow. The following two coding types for 
slices are new. 

• SP slice: A 'iLl-l.:,1!lcd switching P -.li1x that i, Lll(kd such 
that efficient switchillg between different pre-coded pie. 
turcs bccoml·s possible. 

• SI slice: i\ ,o-calkd S\Vitd1i11µ I ~lice tlwt alk,ws a11 exact 
match of a macrohlock i11 an SP slice for r:md,Hn access 
and en-ur rec:u,ery purpuses. 

For ddails on the now] concept of SP and SJ sliccs. the reader i, 
refrrred to I 5 ], lthile tht other slice types are litrther ck-scribed 
hcl(lw. 

E. EncodillR a11d Den1di11g l'tt,c/>ssfor Mac roblocl.s 

All luma and chroma ,arnples of a maerobloc" are either 
spalially ur kmporally predicted, and the resulting prediction 
n:~i<luaJ is em:o<leJ using trnnsfrmn codi11g. Fur transfonn 
coding purposes, each color component of the rrcdietion 
re~idual signal is subdivide<l into smaller 4x4 blocks. E:1ch 
block is transformed u<.ing an integer Lrans1t)l711. and the 
transform cocfricicnts an: quantized and encoded using entropy 
coding mdhods. 

Fig. 8 shows a block diagram of the VC'L for a m2crohlock. 
The input video signal is split into macroblocks. the association 
of macroblocks to ~lice groups and slices is selected, and then 
each macrohlock of each slice is pruces,etl as slwwn. Au cJ1i­
cient parallel ~1rocessing of niacroblucks is possible when there 
,in: various slices in the picture. 

F Adaptii•e fhm1e/Vield Codi11g Opcrario11 

ln interlaced frames \vith regions of moving objects or c.1mera 
motion. t\\:u adjan:'nl rows tend Lo slrnw a re<luced de1;-'Tee of 
statistical dependency when compared to p1'Llgres,ivc frarnes in. 
In this case, it may be more effi<.:ient to compres, each field 
scpara1ely. lo rrovidc hit.di coding cfficic11cy, the H .264/ AV(' 
design allows encoders to make any of the following decisions 
when coding a frame. 

I i To combine the two t1e]Js together und tu coJc them a~ 
one single ended frame (frame mnde). 

21 To nut combine the two fields and lo code them as ::-~'pa­
ratL' ended field~ ( field mode}. 

.'.\) Tu combine the two fields together and compress tlicm as 
a single fnune. but when colling the frame to split the pair:-­
of two vettically adjacent macroblocks into either pair,; of 
two iicld or framL: macniblocks bdure c(xling 111cm. 

rhe choice betwe,:n the thrcc- oplio11-. can be n1adc adapli\ dy 
for each frame in a sequence. The choice betwee11 the first two 
options is refL·rrcd lo as picture-adaptive: framc:iicld ( PAFF) 
coding. When a frnme is coded as two field~. each tield is rarti­
tiom:d into macwbloeks and 1s co<lcd in a manner very snnilar 
h, a frnrnc. with the following main ex,'cptions: 

• motio11 compensation utilizes reference fields ratl1er than 
reference frairn:s: 

• the /ig-/ag si.:211 ol'tra1lsform CDcllicicut:, is <liffcn:nt 
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A Pair of Macroblocks 
in Frame Mode 

• the strong deb lucking strwgth is not ust:<l for filtering hor­
izontal edges of 1rnicroblocks in fields, because the field 
rows are spatially 1wice as far apart as frame wws and the 
length of the filter thus rnver~ a larger spatial area. 

During the dcvc!(1pmcnt of the H.264:AVC standard. PAFF 
coding wu~ repor1eJ to reduce bit raks in the range of l n% to 
20°:;, over frame-only coding mode for lTU-R 601 resolution 
st"quences like "C..mou". "Rugby". etc. 

If a frame con5ists of mixed regions where ~omc regions arc 
moving and others arc not. it is tyrm:ally more eflicicnt to code 
the 1wnmoving regions in frame mode and the moving regions 
in the field mouc. Therefore, the framc!liL·ld cncmling ueci~ion 
can aJ::;o be made indepcndt'.nt!y for each vertical pair of maL'· 
rnl->locks (a I /n, 32 luma rcgion) in a frame. This .:oding op­
li,m is rd~m~d lo u, maernblock-.:idaptive fou1w/lield (l\113Aff) 

.. 
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*·;,~, •L,;:..:, ... ,;:.:,;:.:i..~~,:_\o.";I J:t.:r,l;'...'.' ::.u: 
;.;.,(;~•;-s-,'•1,,+ -----~-' ··t • .?._,._,_..., 
•,t::.::..,.--t..J(l,i;a,:,•,-<:_.:_.,,:,r~:-•~ .... --if..., 

"'.,:';1.,.;z-,,,-,-..,.!s,1. ,:,i-;; :~,~·-s-·o;~.-,..,.-:-,.-, 
',-t<;,":,•,:o ... .,,.\.', ... :,,,·-,,:,;:-,r.,~~,,.,_-.. .. ~•:::.,,i-~ 
•••••I•/,~ "\hi> :,.~ri,;r,,,, ~"'•(.•,·;•"':-.i-~· 

,., ·•·:·0•c-.1r,· ... ..-• ...,;-,,·,1,Q,,111,·~~,-,~ . ..,f'11':..,, 

;;,.,.,;· ~.'•:•,,Jti'·.~ 1 :""""''"'·.,;t,;;)"',..,<11-~a.~-:,• <"'~!-• 
';9Y'!•~•.-;.: .... ,.._,,,,;,.....,.,.,.:.,;,.i~Jh~~'!' 
•--::•,:·-"'"1'.-::1.,,-..LAIF~~Z'>-:;,,;7-.;; ~:,«i-,..e,.r,.'1 
""-"!':-lr:=.r -.i:r- .. ~...:..4,..,,_·/....-~~--!'t~ ---...... ,-... e,, • ....,,..._..,.. __ 
,,~...,,~ 

Top/Bottom Macroblocks 
in Field Mode 

coding. For 11 macroblock pair that i~ coded in frame mock:. ca.:h 
111acrnbloek contains frame lines. For a macroblock pair that is 
coded in field mode. th~- top manoblock contains top field lin.-s 
and the bottom macroblock rnntain., ho1tn111 field lines. Pig. q 
illustrates thc l\·fBAFF m,1croblock pair concept. 

Noh: that, unlike in \1PEG-2. the frame 11dd deci,ion i~ made 
at the macrnblock rair level rather than ,vithin the macrohlock 
level. The reasons for this L·hoice are w keep the basic mac­
rohlock prncc:,sing structure intact. and to rermit motion com­
pensation areas a~ large as the size of a rnacrnhlock. 

Each macrnhlock uf ;i field macroblock pair is proce;;,ed 
very ;;imiiarly w a rnacrohlock within a lield in PAFF coding. 
Ihm ever, since a mixture cd· lie I cl aud frame macn>block pairs 
may occur \\-ithin an i\1H1\FF frame, thc rncth,l(I, that an· u,cd 
for zig-zag ~canning, prediction of muti,m vectors. prediction 
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or intrn prediction modes. intrn-fram.: sample prt·d1ction. 
dcblocking filtering, and context modeling 111 cntrory coding 
arc m()dificd to account for this mixture. fhe main idea 1s to 
preserve as much spatial consisto:ncy as pos5ible. lt sliould be 
noted that the ~pccification of spatial ne1glihors in MR'\FF 
frarm:;; is rather compliCilll:'d (ple:ise rcl<?r lo I l I) :ind that 
in ScctiPns lV-G L ,patial neighbors arc only dcscrihl:'d for 
non-MBAFF frames. 

Another 1mpo11ant distinction bct\\.\cL'l1 MRAFF and l'AFF i, 
that in MUAfF. one Jield c::mnot use thc macroblocks in the 
oth<!r field 1)fthe same frame as a reference filr motion predicti(1n 
(b..:cmi.,c some regions of 1.:ach lkkl arc no! yet available when 
u field macrnhlo.:k of the other field is coded). Thus, sometime.~ 
PAFF rnding can he more diicirnt than \'1BAFF colling {panic­
ularly in the case of rapid glubul motion, sccnc change, or intra 
picture refresh), although the rever,e is w;ually true. 

During the Jcve1L1pmcnt or the ,tanJard. l\·1BAH' Wei,', rc­
rorted to reduce hit rates 111 the range of 14 to 1 m-;, over PA Fr 
for ITU-R 60 I resolution :-L'qlll'nc;;:s like "Mobile and CalcnJar" 
and ·'\,tPLG-4 World News". 

Ci. hirm-Framc J'redicrio11 

Each macroblock can be trnnsmitted in one of several cclChng 
types der,ending on the slice-coJing tyr,e. 111 all slice-coding 
typcs. the fo11uwing types of i11trn coding arc supported, which 
are denoted as Intra 4 x4 or Intra 16 K 16 togeiher with chroma 
prediction and !_PCM prediction muJcs. 

Tl1e Intra 4 x 4 moue is hased on predicting each 4 x 4 luma 
block scparakly and is well suitcu for coding of parts of a 
picture with signifh:ant lktaiL The Imm i6x 16 mode, on the 
other hanJ. pcrfornb prediction of the whole 16x 16 luma 
bluck and is more suilcll for cmling very smooth areas uf a 
picture. In addition to these two types of luma prediction. a 
sepnrnte chroma prediction is conducted. As ,m alternative lo 

Intra 4 x-1 :md Intra 16 x 16. the I PCM coding rypc allows the 
cnrndcr tu simply bypass the prediction and transfom1 coding 
pruce,~es :iml instead directly semi the value~ uf tht' encoded 
samples. The l_PC\;f mode serves the following purposes. 

I) It allows the encoder to precisely rcprescnt the value" of 
the samples. 

2) 11 provide:,; a way to accurately rcprc~c11t the values of 
anomalous picture content with nuts ign i ti cant data ex pan­
s ion 

:; ) ll cnahle, placing a hard limit on the number of bit, a 
decnder must handk for a macrohlock without harm to 
coding efficiency 

In contrast to some previous vidi:o coding standards (namely 
H.263 I and MPEG-4 Visual). where intra predictiun has 
been conductcd in the tr:msform domain intm predicti{Jn in 
I L26-I.AVC is always c:omluctcd in the spatial domain, by 
referring to neighboring samples of previou~ly-codcd block~ 
whic:h arc to the kfi andior above the block to be predicted. 
This may incur c-rror propagation in environments \Vith trans­
rni~sion crrnrs that propagalt: due lo mol!on compL·malion 
int(> int.?r-rnded rnneroblocks. Therefore. a constrained intra 
coding mode can he -:ig:nalcd that allows prediction only from 
intra-coded ncighhonng maL-roblucks. 

11nciQ,;;,1aa ! ..,. 

I I 

Q A 'r:l C D E F G I! 

I I rt b C d I 
,JI"' E g h/ 
Ki' j ;c 11 ~[; n a pl 

!al (h1 

f·ig. 1 U ill) Jntra_-+ x 4 prL~dll'tiun 1~ cundt1ttcd fL>r :,am pk~~ ;1~p l}f J bl1)ck using 
,;,mplcs ,\-(). (b) EiuJll '·prediction di1C·cth.1li»" foi b11r,1 . .ix.J prnlict,un. 

Mode o - Vertical Mode 1 - Horizontal Mode 2-DC 

Fig. : 1. Five uf the• nme lmr:.i_ ..\ x .i picdirtiou me.Jes. 

When usi11g the Intrn _ 4 x 4 mode, each 4 x 4 bl01:k J;,' pre­
dicted from ~patially 11cig!1boring sample."< as illustratcd 011 the 
left-hand side of Fig. 10, The 16 samples ofthe4x4 block which 
are labdcd ..is u-p arL' predicted using prior Jecuded sarnples in 
adjacent blocks labeled as A-Q. For each-I x4 block. one of nine 
prci.liction modes c..in be utilizcd. fn addition tu "DC" prediction 
(where ,me value b us1:d to predict lhc entire 4 x4 b!oekJ, eight 
directional prediction modes are specified as illustrated on the 
right-hand side of Fig. JO. Those modes an: sL1itublc ro predict 
directional strnctures in a picture such as edges at various an­
gles. 

Fig, 11 shows five of the niuc llltra4 x4 prc{liction mode,. 
For mode O (vertical prediction), the samples above the 4x4 
block are copied into the block ,is indicated by thc arrows. Mode 
l (hnri,.onrnl prediction) operates inn 1rn:mncr ;:;im1lar to ,ertical 
prediction exc:ept that the samples to the left of the· 4 x-1 block 
arc copied. for mode :?. ( DC predit:tilm). the 11d,iaccnt s,nnplcs 
:1re averaged as indicated in Fig. 11. The remaining six modes 
are diagonal prediction mude~ which ure called diagonal-down­
left. d1agonal-down-r1ght. venical-right, horizontal-down, ver­
tirnl-left, and honwntal-up prcdic:tion. As their names indicate. 
1hey are ~uiteJ to predict !exlun:s wit Ir stnrctures in the speci fie<l 
direction. Th.:.- first two diagonal prediction modes arc alsn illw;­
traku in Fig. l l. When samples E-11 (hg. l 0) that are used for 
the diagonal-down-left prediction mode arc not availahlc ( he­
cause they have not yet hccn decoded or they are outside of 
the ,lice or not in an intra-coded macrobloL,k in the consrraiue{l 
intra-modc), thcsL' sample~ ..1rc replaced by ,ample D. t--:ot.: thnl 
in earlier draft versions ol'the Intra -lx4 prediction mode the 
four sample, bcluw sample I wen: also used for ~0111<: prcdic­
tio11 modL's. HnwL'VL~L d11L: tll lhL· llt:L'd lo rL'<lucc memorv access, 
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h.¥' I.!. s~,g1rh . .!l1fations nf li1i.: macrohlo•cl~ ior !ri\11ion '-'t:mp,,;n~alion. lnp: 
s-.:grn~m:rnon of tnacrc•bi(Jcks .. bl)ttum: scgtncruat!on of 8 x :-S panitinn~. 

the,e have been dropped. as the relative gain for their u,e i~ very 
small. 

\\ h<:"11 utilizing the Intra 1 fix 16 nwde. the whole lurna cnm­
p()nent of a macrohlnck is predicted. Four prediction modes are 
suppuned. Prediction mode O I vertical prediction). mode 1 (hor­
i?ontal prediction). and mnde 2 ( DC prediction) are specified 
similar to the rnodcs in Jntrn_ 4 x 4 prediction l'Xccpt that instc,1d 
of-l neighbor:- on each side to predict a4 x4 blod.. 16 nL·ighburs 
on each , ,de to rredict a 16 x I IJ block are used. Fur the speci­
ficalion of prediction mode 4 (plau.: prcdictiun), please rcler to 

[I]. 
TI1e chroma samples of a nwcrobluck are predicted using 

a similar prediction technique as fr>r the hmm compunent in 
Intra 1.6 x 16 nwcrohlncks. since chroma i, usually smooth over 
large ar~as. 

Intra prediction i and all oilier forms of prediction) acr,1~s slice 
boundaries is not used, in order to keep all slices independent or 
each other. 

ll. l111r:r-Frume Prediciitm 

1) inter-Frame Piedictio11 in i' Slicl's: In addition to the 
intra macroblock coding types. various predictive or mo­
tion-cnnlpL·nsakd coding type~ arc spccifkJ a,, P macrobluck 
tyres. Each P macrnblock type co1Tesponds to a specific 
partition of the macrobluck into the block shapes used for rno­
tion-cornpe11;-;aLed predictit111. Partitions with luma block si?es 
of J 6 :d6. 16 xi:( 8 x: 16. and 1-: x 8 sampks an: supported by the 
syntax. In case pan it ions wifh 8 x 8 samples arc chox:11. om: 
additionul syntax element for eacl1 8 x X partition is transmitted. 
Thi~ synu1x clemL'nl spL'ciJic:. whetlwr thl' l'Orresponding 8x8 
partition i;-; fu11her partitium~d into panitions t)f R x4, 4 x 8. or 
4x4 luma samples and corrl.'spondi11g chroma ~amples. Fig. 12 
illustrntes tin: partitioning. 

The prediction signal for each predictive-coded M x N luma 
block is obtained by displacing an area of the rnrrespunding 
refen::nce picture. \thid1 is ,peci tied by a trm1slatio11al motion 
Yl'Clor and a picture rcforcm;c index. Thu;,. if the rnacroblock 
is coded 11,ing fuur 8 x 8 partitions and ead1 l:< x 8 parlilion is 
further split into four 4 x4 partitions. a nwxirnum of 16 motion 
vectors may be tran~mitted for a single P rnacroblodc 

The accuracy of motion compensation is in units of one 
qunm:r ,)f the distance between luma samples. ln case the mo­
tion \'ector points to mi integer-sample position, the prediction 
signal consists of the C!lm:spo11ding samples of lhe I cfrrencc 
picture: 0U1erwisc lhL' corresp(1uding sampk is obtained using 
int.;rpulation to gcncralc nonmtcg:..:r positions. The pnxliction 
values al half-sampk positillTI~ arc obtained by applying a 

'\JSf)(Y. In ,d( P 11naO?AU/t. l -... 

'.'JJ 

hg f J. l<i!fenns for fr~H7tiorwl-samrk l!Cl:'.llrntc mntio:-1 n11npcn;-;t1tton, 

Lppl~r•c:i.~e kttcr~ indicate :.;.:rn1plc,;; 0•1 the folJ~~;impk gnd, while kn.vcr ta~c 
samples ind,rntc samples in between <1l tractional-sam11le positions. 

one-dimensional fHap FIR filter horiwntally and 1-enically. 
Prediction values at quarter-sample pmition~ are generated by 
averaging ~amplcs at intcgcr- and halJ'...samplc positions. 

Vig. I J 1llu:c-1ra1c:,; the fracti1)11al sample i nterpolatio11 for ~am­
ple, a-k and n-r. TI1c: samples at half s~m1plc positions labeled IJ 
and h arc dcrivcJ by first calculating intern1ediatc value~ /;1 and 
/1 1 , respectively by applying the G-tap filter as follow~: 

l, 1 ='.L - -~,F + 20(~- + 'l.OJi -·.SJ+ J) 

h 1 -:-{A - r;c + '.lOG + 20M 0.R + 1'). 

The final rrediction values for location~ IJ and Ii arc obtained a, 
follows and dipped to the rangL' or 0--255: 

h ,-- I Ii I t I G) ::C;.> ;", 

Ii ..... //1 1 +Hi):.:> 0. 

The samples at halfsumplc- positions labclcd <1;; j arc obtaincu 
by 

\\.here intenn.:diatc values denoted as cc. drf. e1', n,.1 , and fl arc 
,ibtained in a manner ~imilar to h 1. The fin,11 prediction value j 
is then computed a.s .i (_j I f ,, 1 ~ t ~ IO and i~ dippcd to the 
range ofO to 255. '[fa: two altcm;c11ivc method, of obtaining lhc 
value ofj illmtrate that the filtering nperatillll i~ tmly separable 
for the gcncration of the half-sample positions. 

The samples at quarter sample rosition;; labeled a~ a, c, d. n. 
t: i. k. and q are derived hy avernging with up,vard rounding of 
the two nearest sample~ al integer aml ha IC :,ample po~itiuns as. 
for example. hy 

The samples at quarter sample positions labeled as c. g. p. and 
r are derived by a\.eraging with 11rw;ird rounding or the two 
ni.:-uc,t s~1111pk~ at half sample positions in lhc diagonal din~c­
tion as. for example. by 

(h+ ii+ l) ;t.-, I. 
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The pre(fo:tion \:.Ilues for the' chroma component arc alwavs 
obtained by bilinear i111crpolatin11. Since the sampling grid :..,r 
chnmia has lower resolution than the sampling grid of the lumu. 
the displacements used for chroma have one-eighth s,unple po­
sition accuracy. 

Thc mmc ticcuratc motion prcdicti<>n using foll sample, half 
sample and onc-,1uartcr sumpk prediction n.:prcscm one ur thL· 
major improvements of the pre,ent method co111pared to earlier 
st:mdan.ls for the following t,~o n:a:,ons. 

I) Thc most obvious reason i~ 1mm.: accurnll: llllltion n,pre­
sentation. 

1) The other reason is mure flexibility in prL'diction filtering. 
Full ~ample. h::ilf sample and onc-qual1t'f sample predic­
tion represent different degrees of low pass filtering which 
is chosen aulornatiL'ally in the nwtion estimation prm.:e,-s. 
In this respect. the 6-tap filter turns out to be a much better 
tra<leoff between necessary prediction loop filtering an<l 
has the ability 1o preserve high-frequency co11tc11t in the 
prediction loop. 

A more detailed imcstigation of fractional sample aci.:unu.:y is 
presented in IR]. 

The syntax allows so-called motion wctors over picture 
boundaries, i.t., motion veci:ors that point outside the image 
area. l.n this case, the reference franw is extrnplllated beyo~d 
the image boundaries by n.:pcating the edge sampks bdore 
inteq10 lation. 

The motion vector compone111s are differentially coded using 
either median or directional prediction from neighboring block;: 
No motion \'L'Ctor ro111ponL'lll prediction (or a11y other fom1 of 
prediction) takes place acm<:s slice boundaries. 

ThL· ,yntax supports multipicturc moiion-cDmpcnsated prc:­
diction [9J, j 10]. That is, more than one prior coded picture can 
be used as reference for motion-wmpcnsated pre~liction. Fig. 14 
illustrate, the com:ept. 

Multiframe motion-compensated prediction requires both en­
coder and decockr to store the reference pictures used for inter 
pn::diL·tion in a multipicture buffer. The dccodcr replicates the 
rnultipicturc buJkr of the encoder accurding to memory man­
agement control operations specified in the hitstream. Unless 
the size of the mullipiclun: buffer is sci tonne picture. the index 
at which lhe re/hence picmre is located inside the rnultipic­
ture butfrr has to be signalled. The rderenn· iudcx parameter is 
trnn::.mittcd for each motion-eompensaled 16 x 16. 16 x8, Sx 16, 
or 8 x: 8 luma block. Motion compensation for smaller regions 
than 8 x 8 use the same relerence imJex for prediccioo ~f all 
blocks within the 8 x R region. 

In addition to the motion-compcnsatL~d macrohlock modes 
dcseribed above. a P maembloek can abo be coded in tl1e 
so-called P_ Skip type. For this L'oding type, neither a quanti7-ed 
prediction error signal. nor a motion vector or reference index 
parameter is transmitted. The rcconqrueted sio:nal is obtained 
similar to the prediction signal of a P 16 x 16 1;:iaerohlock type 
that references the picture which is located .it index O in the 
muHipidurc buffer. The motion vector u~cd for rccrn1structing 
the P Skip macrnbhlck is simil:ir to the motion vector predictor 
fiir the Hix 16 blodc The 1J~cful cflcct of this dd'inition of 
the P Skip codi11g type i,; that largL' arc,1s with mi change or 
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4 Prior Decoded Pictures 
as Reference 

Current 
Picture 

fig. I4. t\.1uhifr,;:11ne !Tltifinn .:nmp~n:,;atiun. fn :atditiun 10 1he mo1jnn vcctn:~ 
als.n picnm:: rcf::rc-nce p-;:-uamct?r~ ; ...l I ar-.: tran.'tn:ttcd. The concept is also 
i:xtcnd(:<l to B slkes. 

com;tant motion like slow panning can be represented with very 
few bits. 

2J lmer-Fmme Predicrio11 in B Slices· h1 comparison to 
prior videD codi11g ~t<tmlards. the concept of B slices is gener­
al izcd in H.264.'A.VC. This cxten~ion refers back to [I I] and 
is further investig:11ed in ( 12]. Fur example, other pictures can 
reference pictures containing H ~lice;; for motion-compensated 
prediction. depending on thl' memory management control 
operation of the multipicture buffering. Thus, the sub,tantial 
difference between B and P ~!ices i, that B slices an~ coded 
in a maimer in which some macroblocks or blocks may use a 
weighted average nf two di~tinct motion-com!)t'nsatcd ·predic­
tion values fi.n building the prediction signal. I3 slices utilize 
two distinct lists of reference pictures. which aJ·e referred to 
as the first (list OJ and second ( list I) rcforcnec picture lists, 
respectively. Which pictures are actuallv located in each refer­
ence picture list is an issue of the mul;ipicture buffer ,:nntroi 
and an operation very similar tu the conventional ~f PEG-2 B 
pictures can be enabled if desired bv the encoder. 

In B slices. four different type:,: of inter-picture prediction 
arc supported: list 0. list 1, bi-predictive, and direct prcdictio11. 
For the hi-predictive mode, the prediction signal is fom1ed by n 
weighted avcr.1gc of motion-compensated list O and list I pre­
diction signals. The direct prediction mode is i11fe1Ted from pre­
viously trammiltcd syntax clements and can be either list O or 
list I prediction nr bi-pn:dictiw. 

B slices utilize ,1 similar macroblock partitioning as P slices. 
Beside the P_l6xl6. P 16x8, P 8xl6. P 8x8. and the intra 
codi11g types. bi-predictive prediction and ~1othcr type of pre­
diction called direct prL'diction. arc pmvidcd. for caeh 16 x 16, 
16x8. 8x 16, aud 8x8 partition. th!.! prediction method (list 0, 
list 1. bi-predictive) can be chosen separately. An 8 x 8 partition 
11f a B macroblock can also be coded in direct mode. If no pre­
diction error signal i, transmitted for a direct macroblnck mode. 
it is also rcfencd to as B Skip nwdc anJ ean be coded wrv 
ellkiently similar to the P- Skip mode in P slices. The JI1(Jtio;1 

wctor coding is similar to that of P slices ,vith the appropri3tc 
modifications because neighboring blocks may be nxled using 
different prediction modcs. 

/. lh1nst1>rm, Scaling. and (!uami::ario11 

Similar to previous video codiug standards, I 1.2641 AVC uti­
lizes transfonn coding of' the predictiun rc:-idual. However. in 
11.2641 AVC. the transfonnatiou i~ applied to 4 x4 blocks. and 
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Fi,µ, I, RqK·ar.;d tran~ti:inn frn' chroma bioc~f., Th\? fixu hL}t:k:-. nwnhcrcd 
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in,ll:a<l of a 4 '< 4 d1sncte co~ine transfom, ( DCT). a scparahlc 
int..:ger transfonn wiLh similar pmpenil:s as a 4 x:.J. DCT is used. 
The transfixm matrix is given as 

- 1 \] JI= 
2 l l 
l -1 -l J • 

- l -2 ·.• -1 

Sinc:c the inverse transfonn is defined by exact integer oper­
ation~. invc:rse-transfom1 rnisrnatdics an: aVl,ided. The bt1sic 
transfon11 coding prncess is very similar to that of previous 
starn.lards. At the cm:odcr, the process includes a forward trans­
form. zig-zag scanning. scaling, and rounding as the quantiza­
tion process followed by entropy coding. At the decoder, the 
inver,c uf the enc:oJing prnc:css is perfonned cxcxpt for the 
rounding. More detail~ on the specific aspects of the transform 
in H.26-tAVC can be found in f J 7J, 

It ha, already been mentioned that Intra I (ix 16 rredie1io11 
modes and chroma intra modes are intended for coding of 
smooth are,is. For that reason, the DC codTicients undergo 
a second transfo1111 with the result that we have transfo1111 
coetlicients covering the whole macroblock. An addititmal 
2 x 2 trnnsfonn is also applii:d to the DC C(ll'fficierib of the four 
4 x-+ blocks of C'ach chroma component. The procedure for a 
chroma block is illustrated in Fig. 15. The small blocks i.nside 
the larger blocks represent DC coefficients of each of the four 
4 x 4 chroma blocks of a chroma component of a macroblock 
numbered as 0, I. :?, and 3. The two indices enm:spond to the 
indices of the 2 x:2 inverse Hadamard trunsfonn. 

To explain the idea behind these repeated transforms. kt us 
point 10 a general property of a two-dimen:,;ion,il 1ransfonn of 
very smooth comem (where sample con-elation approaches I), 
In that situation. the reconstruction m:curncy is pwportional to 
the i11vcrs..: of the one-<li111c11,ional siLc uf the transfonn. Hence. 
for a ,ery smooth area, the reconstruction error with a tran~­
form covc,ing the complete 8 x 8 block is hal ~ed compared to 
using only 4 x 4 transform. A similar rationale can he used for 
the second transfon11 connected tu the INTRA-l6x l 6 mode. 

There HH: severnl rcasous for using a ::;mailer si1:e transfonn. 

• Om: of the main improvements of the- present standard is 
thl' impmvcd prediction process both for infer and intra. 
Con~equently. the residual signal has le~.:: spatial co1Tda­
tion. This gl~nerally means that the transfo1111 has less to 
offer concerning decorrelation. This also mean~ thar a4 ;-: 4 
transform is essentially as cttic1cnt in removing ,;tatistical 
correl:ition as a larger transform 

• With similar t>h,iectivc c:ompression c.:apahility. the smaller 
4 x4 tr:msfonn has visual bene!its resulting in Jess noise 
;;iro1md edges (n:fcned to as "mosqllito noise·· m ·•ringing" 
artifacb). 

i 1 r10Q?AQ.l!. ! -. 

• The smaller transfom, requires Jes, rnmputations and a 
gmallcr processing wordkngth. Since the transformaLion 
prnccss for H.264'.l\VC involves only adds and shifts. it 
j5 also specified sud1 that mismatch between encoder and 
decoder is avoided (this has been a problem l•.:ith earlier 
8 x 8 DCT standard~) 

,.-\ quantization parameter is used for detennining the quantiza­
tion oftrnusi1m11 codlicients in fT.264:AVC. TI1e parnmeti:r can 
take 52 values. Theses \'alues are arranged so that an increase of I 
in quantization pararndcrmeans an im:rca,e ofquantization step 
size by approximately ll"o (an increase of 6 means ,m increase 
llf quanti7ation ~tep ,iTe by exactly a factor of 2 ). ft can he no­
ticed that a change oCsk'p si.zc by approximately I 2%, also means 
roughly a reduction of hit rate by upprox imately 12%. 

The qu@lizcd trnnsfom1 codlicienrs of a block _L!enernlly 
are scanned in a zig-zag fashion and transmitted using entropy 
coding methods. The 2x2 DC rnefticients of the c:hrnma com­
ponent an:: sc..mr1ed in r..istcr-scan order. All inverse transfonn 
operntions in H.2M,/\VC can he implemented using only 
additions and bit-shilling operations of 16-bit integer valuej. 
Similarly, only 16-bil memory acce<1ses are needed for a go,1d 
impkmentation uf the fiJrward transform and quantization 
process in the cncudcr. 

J. Entrop_F Coding 

ln ll.264/AVC. two methods of entropy coding arc supported. 
The simrler entroriy ending method use~ a single infinite-ex­
tent codcwrn d table ror all syntax clements except the quau­
tized transform cocfticie11ts. Thus, instead of designing a dif­
ferent VLC table for eath ~yntax l'lcmcnt, only the mappin!,! lo 
Lhe single codeword table is customized according w the data 
statistics. The single codeword table chosen is an exp-Golomb 
code with very simple and regular dceoding properties. 

For tran~mitiing the quantized tr:msform coefficients, a mMc 
d1icient method called Context-Adaptive Variable Lcngth 
Coding (CAVIC) is employi.:d. In this scheme. VI.C tahli.:s for 
various syntax demerits are switched depending on already 
transmitted synLax elements. Sine<: the VLC tables are designed 
to match the corresponding eonditioncd stati,tics, the entropy 
coding perfonuance is improved in compurison to :.chcmes 
using a singl<! VLC table. 

ln the CAVLC entropy coding method, the numberofnonzcro 
quantized coefficients (N) and the actual size and position of 
the eocfficients are coded ;::eparatcly. After zig-zag scanning 
of transfonn CtJCHicients, their statisticul distribution typically 
s.hows large values for the low frequency part decreasing to 
small values later in the sc:an for the high-frequency part. An 
example for a typical zig-zag scan of quantized trnnsfonn coef­
ficients could he given :is follows: 

7. fi. '.2. 0. 1. 0. 0. I. ll. ll. 0. fl, (J. f). fJ, fl. 

Based on this statistical behavior. the following datn ekmcnts 
are used to convey infrmnMion of quantized trnnsform coeffi­
cients tiira luma4x-t block. 

!J Nim1b1cr of c\'011:::.eru Coefficients (NJ and "Tmifirrg 
Is, •• ·'Trailing Is'' (Tl s) indicate the nurnlx=r of coefficients 
with absolute value equal to I al the end of thL' sc.Jn. fn the 
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example TL, - ..? ,md the numher of coetricients is :\' - :; 
These I\Hl value<: arc coded as a combined eVL'llt. One our or 
4 VLC tables i~ used based on the number of rncfticicnts in 
neighboring blocks . 

.:) i-:·11,o,li11g the lidue o(Co,;(/idents: The values of the co­
dficienls are cod.:d. The Tl s need only sign specification since 
they all an; equal to f I or I. Please note that the statistics 
of coefficic:nl value, has less spread for the lat-I nmizc:rn u1d1i­
cie11ts than for the first mies. For this reason. coefficient values 
arc cudl'.d in re\cr,l'. sc:m mder. 111 the ex:m1ple,; above,-..? is the 
first coe Jticient vlll ue to be coded. A sta11ing VLC is used for 
that. \Vhen coding the next coeffo.:tent (haYing value of6 in the 
..:xcmiple) a uew VLC may be used based on thcjust 1.:oded co­
etfa:ient. In this way adaptation is obtained in the use nf VLC 
tables. Six exp-Golomb code tables are ,ivailable for this adap­
tation. 

3; Sign ln/ormarion: One bit is used to signal cm;ffo:icnt 
sit-,'11. For Tl s, thi~ i~ ~l:nt as single bits. For the other codl1-
cients, the ,ign bit is included in the exp-Golomb codes. 

Positions of each nonzero coclficicnl are coded by specifying 
the positions of Os before the last nonzern cnt'tlicient. It 1s split 
into t\~o parts: 

4) /iJta/%nves: Tl1is codeword spL'cifie;; the number of 
zeros between the last nonzero coefficient of the scan 1.111d its 
start. In the example the value of TotalZcros is 3. Since it is 
already knnwn that N .;. the number must be in the range 
0-1 L l 5 tables are available for :V in the range 1---15. (If 

;V = 11; there is no zero coefficient.) 
5) RunRe/iJrc: In the example it must be specified how the 

3 zeros are distrihuteJ. First the number of Os be[ore the fast co­
cfficicn1 i~ coded. In rhe example the number is 2. Si nee rt must 
he in the range 0----3 a suitable VLC is used. Now there is only 
one O left. The number of Os before the second l;ist coefficient 
must therefore he O or 1. In the example the number is I. At this 
point there are 110 Os left and no more information is coded 

l'he efficiency of cntropy coding can be improved further 
if th!.'. CmitcxL-AdapliH: 8inary Arithmetic Coding (C:ABAC) 
is used [ 16 J. On the one hand, the usage of arithmetic coding 
.1Jh,ws the assis'Tlmenl of a noninteger number of hits to 
each symblil of an alphabet, which is extremely beneficial 
for ,ymhol probabilities that are greater tl1an 0.5. On the 
olht:r hand. tb.: usage of adapti\l: codes pcnnits adaptation lo 
nonstationary symbol stafr;tics. Another important rroperty of 
CAB.AC is its context modeling. The ~tatistics of already codc<l 
~y11wx element, are used to estimate conditional probabilities. 
These ..:onditional probabilities arc used for switching several 
esti11rn1ed probability mutkls. Ir1 H.264/AVC. the arithmetic 
coding core engine and its associate.:! probability e,tin1ation are 
specified as multiplication-free low-complexity methods using 
only ~hift.s and rable h,nk-ups. Comrarcd to CAVLC, C:Aft~C 
typically provides a reduction in bit rate bct\vecn 5"i, 15%, TI1e 
highest gains arc typirnlly obtained \\hen coding interlaced TV 
signals. lVlnre det~i Is on Ci\ BAC can be found in [ 16]. 

1{ foLuup ncblodi!lg Filler 

One p::111icular char::icteristic of block-basl:'d CO(iing is the 
accidental production of visible block structt1rcs. Hloek edges 
an: typically rccoiistrm::ted with lcf.:s accuracy than interior 

NSOOCl:J <XP 11099249A I >-

4,_4 Rlock Edge 

hg. 1 /J. Prn1c1pl~ of ,kb locking iilt,·r. 

pixds and "blocking" is generally considaed lo be one or the 
most visible artifact.~ with the rrcscnt comprc~sion method~. 
For this reason. 11.264/AVC deJilles an adapti"e in-loop Je­
blocking filter. where the strength of filtering is controlled by 
the values of several syntax dcmcnls. A Jetaikd description llf 
the adaptive ckblocking filter can be found i11 l 18 J. 

Fig. 16 illusrratcs the r1inciplc of the dcbloeki11g filter using 
a viswilization of a one-dimensional edge. \Vhethcr the samples 
p 11 and q0 as well asp I and (Ji are filtered is detem1ined using 
quanlization par;:irrn:kr ( QP i dependent thresholds a((lP) aud 
ii( qP ), Tims, Gltering of p,, um/ q0 unJy takes place if each of 
the following conditions is satisfied: 

L IPo - 11111 <n'.CW) 

2. 111 - Pol <11(QP) 

:1. /r11 - •to <il(qP) 

where the :-i(QI'; is c.:onsidcrably smaller than n( (lP ). Accord­
ingly. filtering of'v1 or q1 takes place irthc corresponding fol­
lmving condition is satisfiC'd: 

TI1c basic idea is that if a relatively large absolute difference be­
tween samples near a block edge is measured. it is quite likely 
a blocking artifan ,md should therdi1rc he reduced. Hmvever. 
if the magnitLtde of that difference is so large that it cannot be 
explained by the coarseness of the quantization used in the cn­
codiug, thi: edge is more likely to rcflel:t the actual bdl(;tvtor of 
the source picture and ,l10uld not be smoothed over. 

The blockiness is reduced, while thi: sharpnes~ of the content 
is basically unchanged. Cnnsequemly, the subjective quality is 
~ignifirnntly improved. The filter reduces the bit rate typically 
by 5'%---JO'l•u \\-hilc producing the same objective qualit._. as the 
nonfilterd video. Fig. I 7 illustrate, the perfomiance ('f the de­
blucking Li]ter. 

L Hipoth.:rical Reference Dl'rnder 

One of the key benefits provided by a standard is the ::issur­
ance that all the decoder-. crnnplianr with the standard will be 
ahle lo decode a crnnpli:mt compressed video. T1> achieve that. 
it is not sullicient to just provide a description or the cmhng al­
gmithm. It is al~o imponant in a real-tirni: ~ystcm to ,pccif'y 
how hits arc fr:d lo a JL:codcr and how the decoded picture:-
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Fig. J 7, 1-'l'rformanct· of the dcolocking filtL~r fur highly compri.'.'s~cd pictun:~ 
(:1) ",itlrnut JL'bh)ds.iug llltcr am! (b) witl1 dtb!ucktllg 1,lt,·r. 

are removed fmm a decoder. Specifying input and output buffer 
models ,md developing an impk1m:ntation indepcnlknt model 
ofa rei::eiver achieves tl1is. That receiver modd is also called hy­
poth.:t1cal reference decoder ( H RD) and is de,crihed in detail in 
I 19]. An encoder is not allowed to c1eati:: a hit,trcam thal cannot 
be decoded by the I-IRD. Hence. ifin any receiver implementa­
tion the c.Jcsigncr mimics the bchavi11r ofHRD. it is guaramecd 
lo be abk to decode all the complialll bitstreams. 

In fl.264'.A.VC I IRD specifie.;; operation of two buffers: l J the 
coded picture buffrr (CPB) anc.J 21 the decodcd picture butfrr 
( DPB). CPB flll>dels the anival and removal time of the coded 
bits. The 1---IRD design i'> similar in spirit to vvhat l'vlPEG-2 had, 
but is mon: flexible in ,uppurt uf sending the video at a variL~ty 
of bit rotes without exeec;,cive dday. 

Unlikt· MP.l::.G-~, in H.264>A\'C, multiple frames can be used 
fr,r n:fi:rl'llC,~. thL' refcrc11ec frames can be located either in pa,"I 
or future arhitrn1ily in display order. the HRD wlso specifies a 
moJ..:l of the dccullcd picture buffer management to cnsun: that 
exa,~i,-e memory capacity is not needed in a dec(1d1?r to store 
the pictu1es used as references. 

V. PROl·ILFS A--:ll POH.NTIAL Af'PLICATJONS 

A. !'ro/i!n and lel'efs 

Pwfiles and levels specify conf,xmanee points. These co11tl1r­
rnancc points ;_ire de~igned to facilitate intcropcrahility hdwcen 
various appl icati,rns or the sta11dard tliat ha\ e sirn ilar functional 
rcq1Jin.:mcnts. A JJIY:fil,, defines a set of coding touls or alg,>­
rithms tlrnt L'.all be used in generating a conforming bit:-tream, 

-JSDOCID cXF i 1U99;>49A I > 

whereas a /c1•c/ places constraints ,m certain key parameters uf 
the h11strcam. 

, \II decoders conforming to a spcci fk pm file must support all 
fralurc~ in that profile. [ncuders arc not n:quired t11 make USL' 

of any pmticular set of foatmes supported in a profilt' but have 
to provide confom1in!,.! hitstreams. i.e .. hitstrearns that can he 
decoc.Jcd by confonning decoders. In 1l.264AVC three profiles 
arc ddincd. which arc !he Baseline. ;\fain. and Extcmkd Profile, 

The Haselinc profil,· suppons all features in H.2b41AVC' cx­

i.:cpt the following two feature sets: 

• Set J: B s!ict's, ,\eighte<l predict inn. C ABAC field 
coding. and picture or macrohlock adaptive switching 
bctv,:ccn tmme and fidc.J coding. 

• ~et 2: SP.tSI slices. and ,lice data par1irioning. 
The frr,,t set of additional features is suppor1L'<l by the Mai11 

profile. Hmvever. the ~fain profile docs nnr support the FMO, 
ASO. ,rnd redundant picnires features which are wpported by 
the Hase line profile. Thus. only a subset of the coded video se­
quences that arc dceodablc by a Basdiue prolik decoder can be 
decoded by a Main profile decoder. (Flags are used in the se­
qu011cc parameter sd lo indicatl: whid1 pmlilcs or decoder Celli 

decode the coded video sequence}. 
The Extended Prolile suppmts all features of the Baseline 

profik, and both st:ts of features on top of Baseline profile. ex­
cept for CABAC. 

In J 1.2641/\VC, the same set nf level definitions is used with 
all profiles, but individual impkmcntations may support a 
different level for each supported profile. There are l :'i levelf> 
defined. spceilying upper limits Ji.Jr the picture size { in mac­
rnblocks) ranging from ()CIF to all the way to above 4kx2k. 
decoder-processing rate ( in rnacroblui::ks per second) ranging 
from 250k pixclsis to 250.\1 pixcls1s. size uf the rnultipicture 
buffers, video hil rate ranging from M kbps to 240 \·1bps, and 
video butkr size. 

B. Areas/iir the Pmttle.1 o/the Sew Srandard 10 bt' U1ed 

The increased compression ef1ieiency of JJ.264/AVC offers 
to enhance cxi~ting applications or cnahlcs new applications. A 
list of possible application area.~ i!, pmvided hclow. 

• Conversational ~erviccs which opcrnte typically hduw I 
\1bps wilh low la1ency requirement,. The ffT-T SG 16 is 
rnrrenlly modi/Ying its systcnL~ rccommcnc.Jations to sup­
port H.264-1AVC usi:: irt such application,. and the !ETF is 
,vorking on the design of an RTP payloau packetization. 
In the neilr lem1. these services would probably utiliu the 
Baseline profile (possibly progrc~sing nver time to also 
use other prntik~ such t1s tlw Extended profile l. Some spe­
cifo: applic:aiium in this category me given belLlw. 

-- H.320 conversational video ~crviccs that utilize cir­
cuit-switched ISDN-based video conferencing . 

. KiPI' com,'rsational H.124 1M ,en.ices. 
-I L32J comcrsatiunal services over the Internet with 
best eff011 l/':'RTI' prntocols. 

3GPP comcrsational .,ervices Lt,ing lPRTP lln tran,;­
port and SIP for se-,sion setup. 

• r11tcrt.1inmc11t video applicmions whid1 operate between 
1-8+ l'v1l1ps v, ith moderate la!L'ncy sui.:h as 0.5 to 2 s. 
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The ll.222.0' .\1Pl.:G-2 Systems ,pec1fo.:ation 1s being 
modified to ~upport these 3pplication. These applienLions 
would probably utilize the !\fain protik- and include the 
following. 

Broadcast via satellite. cable, tcrrestnaL or DSL. 
-DVD for stand~1rd aud high-definition video. 

Vidco-on-dcm:md \ ia variou~ channds. 
Streaming sen·ices \\ hich typii.:ully operate at 50-1500 
kbps and have 2 s or more of latency. These services would 
prohahly utiliz.e the Rasdine or Fxtended profile and may 
be distinguished by whether they :ire used in wired or wire-
1 ... ss cnvironml'nts as fi.illows: 

-3GPP streaming usin!! IP/RTP for transport and 
RTSP for session setup, This extension of the 30111' 
specification would likely use Basi.:linc profile only. 
-Streaming over the wired Internet using IP1RTP pro­
tocol and RTSP for session setup. This domain whkh is 
currently dorninat.:d hy powerful proprietary solutim1s 
might use the Extended prnti le and may require integra­
tion \1,,ith some future system designs. 

• Other se'f\ ices that operate at lower bit rates and are dis­
tributed via file transfer and therefore do not impose delay 
constraints at all, which can pot.:ntially be served by any 
of the three profiles depending on various other systems 
tTlJLiin:ments arc: 

.KiPP multimedia me.~saging sen,ices; 
-video mail. 

\.'!. HlSTOKY A.Ml STANDARDILUION PROCI-SS 

In this section, we illustrate the history of the standard. The 
development of 11.264/AVC is characterized by improvements 
in small sll:ps over the last 3--4 yea.rs as can be scl'n from Fi)!. 18. 
In Fig. 18, the coding pedonmmce is shown for two cxample 
progressive-scan video sequences, when embling the typical 
coding options for the various versions of the standard since 
August 1999 until completion in April 2()03. TI1c dates and cre­
ation of the various versions arc shown in 'fobk I. Thc document 
and the software versions have heen called test model long-tenn 
(Ti\,IL) when being developed in VCECi and joint model (JM} 
v,hl'll tl1;: development was continued in the joint "ideo team 
(JVT) as a pai1nership between MPHi and VCECl The devel­
opment took plm;i..' in small stcps hi..'twccn cm:h version of tl1c 
design as can be seen from rig. l 8. 

The work startt'd in VCEG a.~ a parallel activity to the 
completion of the last version of I 1.263. The first Test Model 
Long-Tcrn1 (TML-1. rnrve with circles in Fig. 18) was 
produn:d i11 Aug-ust 1999. TML-1 was similar to 11.263 by 
using a comhination of block prediction and block trans­
fonn1quantization!c:oding or the r6i<lual signal. The PSNR 
performance of TfvlL-1 was similar 10 that of H.263 (curve 
with diamond-shaped markers in ri,l!, IR) and below MPEG-4 
;\SP (rnrve with ,tar-shaped n1arkers in Fig. !;,,,ii. However, the 
starting point was L·tmsi<lered ~utlicicnt due to some pen.:L·ptual 
beneiits being shown and a judgml'llt that the design could 
be increm,:nt"tlly improved. rlw rc~ults ,hown for H.2(,J and 
MPEG-4 ASP have hcen optimized u,i11g Lagra11giu11 methods 
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Fig. 18 Fvolu1ion nfll 2Mif\\!( ,ince A11!!11;;l 1999 umil March inn_;_ J'pp: 
QC-IF scqu-:nc~ Foreman coded at 1 n 1-'7. Aonom: CIF scqu~ncc tcmpcte coded 
:it 3() Hz. The legenu in ti1~ top figw-e indicules 1t1c variou,; \'~rsinns that have 
l-:cn 1u1 with typi,-;,I ~,·1tiug,. 

as descrihc:d in (13}- The main coding fe.itures ofTML-1 arc 
sumrnariZL:d as follows: 

• Seven blcKk partitions for inter prediction of a mac­
rnblock, The luminance component uf a macroblock 
could be partitioned i11to 16 x 16, I (1 x 8. 8 x 16, 8 x 1( 
8 x 4, 4 x 8 or 4 :,, 4 blocks in a similar way as depicted in 
Fig. 12. The 16xl6, 16x8. Rx 16, and Rx8 blocks have 
remained in the design. Partitioning into smaller block.~ 
wa.~ modified later ( in JM-2.1) into a trl'e-slruclured 
macnihlock partition as described ahove. 

• l/3-sarnpk acrnrnk motion-compensated prt'diction 
using 4-tap filter in h1)ri1011tal and vertical direction, 
The filter taps were (-1. 12, 6, I J!l 6 and ( l, 6, 12, 

1;'16. One of the sample po~itions u~ed a ,;tronger low 
pass filter for more flex iii le prediction loop filtering. TI1is 
was modified later (in T:'vlL-+) to ]!4-,ample accurate 
prediction using a 6-tap a~ described nbow. For TrvlL-2, 
a method rnlled adaptive motion accuracy (AMA) was 
adopted which has never been impiemellted into the 
~,ithvare. AMA wa:,; drnpped due to h.ick or coding: cffi. 
ciency impn1\ce111ent in T,l\1L-4. In Ttv1L- 7:::s, Jl8-sample 
accurate moti,m compL'n,ation \vas introdm:cd which was 
then droppeu fi:ir compkxity reasons Ill .lrvl-5. 
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-',o HIU.fl\l Date Location 

j i TML-l Aug. 1999 Berlin. Ucrmany 
; 

2 I TML-2* Oct. 1999 Rt•d Bank, :,./J, USA 

3 j TML-3 Feb. 2000 Geneva. Swit7erland 

4 TMIA ,\-lay. 2000 Osaka. Japan 

5 ! TML-5 Aug. 2000 Portland, OR. lJSA 

() 

' 
ThfL-6 fan. 2001 Eibsce. Germany 

7 i TML-7~ Apr. 2001 Austin, TX. USA 

8 TML-8 :\-lay 2001 PorLO Segura, DraLil 
·-----...-
9 i TML-9 Sep.2001 San1;i 13:irbara. CA. USA 

w·-p·\11. l Dec. 2001 Pattaya, Thalland 

11 j J:\1-2 Feb. 2002 Gentva. Switzerland 
----+-----

Fairfax, VA, USA 12 ; JM-3 May 2002 
I 

13 j J.\tl 4 July 2002 Klage11furt. Austria 

14 J JM-5 Oct. 2002 Geneva, Switzerland 
---,~~--·· 
15 ; JM-6 Dec.2002 Awaji,Japan 

16 / Final .'.I.far. '.J003 Pat laya. Thailand 
~--·--- ....,._ 

• Multiple rcl'c:n:nn: frames. the decoupling of temporal 
order and display order. and the decoupling nf picture 
type from the ubility to use pietures a, references wen: 
envisioned from the beginning. hut were integrated in the 
soft,\are and draft text rather gradually. 
Intra predictiLrn was done on 4 x 4 blocks and based on the 
neighboring samples. There were live prediction modes 
which were the ones shown in Fig. 9 except with a sim­
pler vers10n of Mode 3. The numher nf prediction modes 
was increased to 7 in TML-4 and further increased to 9 in 
J\·1-2. In L\·lL-3. the Intra 16x 16 prediction mode wa.'> 
introduced and in JM-3, the varim1s rrcdiction modes for 
chroma have been introduced. 

• J'hc transform for the rc~idual signal had size 4x4. This 
was in rnntrast to all pn:viou,- standards which L1scd trans­
form size 8 x 8, The tramfimu was also no longer exact 
fJCT hut ai, integer transfi.1m1 vciy close to DCf. The in­
teger definition resulted in an exact ddinition of thc in­
vcr,c tramfo1111. Thc tramfo1111 had ba,is 1cclor~ 

[

n n 1:3 

nl H 
1;- 7 7 17 

l ") l •J ! '.) l
•) . 

,} ,) ., ,) 

I -17 17 T 

Tbe transfi,1111 wa, btcr changed to the wrswn Jesnibc·d 
above in JM-2. 

• An in-loor dchlol'king filter similar to the one used in 
H.2C,3 was in Tl\·1L-1, but only on intra frames. This filter 
ha, hcen considerably relined during the ..:ntirc develop• 
lllellt ur thc ,i:md:ird. 

• Fntropy coding U.sl·d one singk cxp-Ciolomh typ.: VI C 
i:1blc for all ,ynta.x elcmcnh ( including tr.111si'rnrn L'.Ocfli-

L·ients), This was cxtendcd later bj CABAC in H,1L-7 and 
C/\VI.C ltll' 1rnnsfon11 cocfficic111s 111 J1\1-3, 

TM 1.-1 did not contain 111:iny of the foaturc'i ofth,'. final design 
ofJM-6 (s4Lwn:" in Fig. 18! i11du<ling interlace suprorL B pic­
t11res and the NAL The method of handling of interlaced video 
W,ls among the· last tl1ings mtL·grati:d mto 1hc d..:,i1:,'l1 (note that 
Fig. 18 docs uol show pcrforniam:c fur inlerlaceJ \,ideo ). TI1-: 
improvement of .IM-6 relative to f'ML-1 is typically between 
2 3 uB PSNR or b.:twccn 40'\,- 60°1,i in bit-rate reJuction. 

\Ill. [O!\CI.US!ONS 

The emerging H.264 AVC video ending standard has 
bt'\.'.n <lcvdoped anJ st:mdardized rnllabomtivdy by both the 
I f'U-T VCEG and ISO-'IFC MPHi organi1a1ions. IL264.AVC 
represents a number of advance,q in stand:ird video coding 
technoiL1!;y. in krms of both coding eilicicncy ..:nhanccmcnt 
and flexibility for dfrctiH· use over a broad varieLy of network 
tvpcs und application domains. !ts VCL design is based on 
conven11011al block-bas..:d 111otio1H:ompcnsatcd hybrid video 
codi11g cnncept.s. hut with some imrortant differences relative 
to prior standards. We thus sumnrnrizc son1L· of th.: imporlant 
di ffere11 ces: 

• enhanced motion-prediction capability: 
• IL,<: of a small hlock-sj,-:e exact-match transform: 
• adaptive in-loop deblocking Jilter; 
• enlrnnce,:l cntrnpy coding methods. 

\Vhen used well together. the features of the ncw design rro­
viJc approximately a 50~o bit rate ~avings for equivalent percl'p· 
1.ual qllal ity relative to the perfi:mn:ince or prior starnfards ( espt>­
cially for highcr-latcm:y <1pplicatiom which allmv some use of 
1-e\ cm: temporal prediction ). 1 
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PATENT COOPERATION TREATY ~ RECEIVED 

From the INTERNATIONAL SEARCHING AUTHORITY 

To: 

FOLEY & LARDNER, LLP 

Attn. Albert, G. Pet:er 

l12SO El Camino Real, Suite 200 

San Diego, CA 92l30 

ETATS-UNIS D'AMERIQUE 

Applicant's or agent's file reference 

037145-7827 

International application No. 

PCT/IB2008/051351 

Applicant 

NOKIA CORPORATION 

( v'f" > i___,- OCT O 7 2008 

PCT l.P.DEPT. ~-
FOLEY & LARDNER " 

NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT AND 

THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44. 1) 

Date of mailing 
(day/month/year) 07/10/2008 

FOR FURTHER ACTION See paragraphs 1 and 4 below 

International filing date 
(day/month/year) 09/04/2008 

The applicant is hereby notified that the international search report and the written opinion of the International Searching 

2.0 

3. □ 

Authority have been established and are transmitted herewith. • 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the 
International Search Report. 

Where? Directly to the International Bureau of WIPO, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70 

For more detailed instructions, see the notes on the accompanying sheet. 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

With regard to the protest against payment of (an) additional fee(s) under Rule 40,2, the applicant is notified that: 

□ 

□ 

the protest together with the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made, 

4. Reminders 

Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, 
before the completion of the technical preparations tor international publication. 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an 
international preliminary examination report has been or Is to be established. These comments would also be made available to 
the public but not before the expiration of 30 months from the priority date. 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed 
acts for entry into the national phase before those designated Offices. 

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19 
months. 

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits. Office by Office, see the PCT Applicant's 
Guide, Volume II, National Chapters and the WIPO Internet site. 

Name and mailing address of the International Searching Authority 

~ 
European Patent Office, P.8. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 

___ Fax: (+31-70) 340-3016 

Form PCT/ISN220 (October 2005) 

Authorized officer 

Jolanda Offerman-Hazeleger 

(See notes on accompanying sheet) 
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NOTES TO FORM PCT/ISA/220 

These Notes are intended to give the basic instructions concerning the filing of amendments under article 19. The 
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions 
under that Treaty. In case of discrepancy between these Notes and those recuirements, the latter are applicable. For more 
detailed information, see also the PCT Applicant's Guide. a publication of WIPO. 

In these Notes, "Article". "Rule", and "Section' refer to the provisions of the PCT, the PCT Regulations and the PCT 
Administrative Instructions, respectively. 

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19 

The applicant has, after having received the international search report and the written opinion of the International 
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized 
that, since all parts of the international application (claims.description and drawings) may be amended during the 
international preliminary examination procedure, there is usually no need to file amendments of the claims under Article 19 
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another 
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional 
protection is available in some States only (see PCT Applicant's Guide, Volume I/A, Annexes B1 and B2). 

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where 
the International Searching Authority has declared. under Article 17(2). that no international search report would be 
established (see PCT Applicant's Guide, Volume I/A, paragraph 296). 

What parts of the international application may be amended? 

When? 

Under Article 19, only the claims may be amended. 

During the international phase, the claims may also be amended ( or further amended) under Article 34 before the 
International Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the International Examining Authority. 

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or, 
where applicable, Article 41. 

Within 2 months from the date of transmittal of the international search report or 16 months from the priority date, 
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having 
been received on time if they are received by the International Bureau after the expiration of the applicable time 
limit but before the completion of the technical preparations for international publication (Rule 46.1 ). 

Where not to file the amendments? 

How? 

The amendments may only be filed with the International Bureau and not with the receiving Office or the 
International Searching Authority (Rule 46.2). 

Where a demand for international preliminary examination has been/is filed, see below. 

Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one 
or more of the claims as filed. 

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is 
cancelled. no renumbering of the other claims is required. In all cases where claims are renumbered, they must be 
renumbered consecutively (Section 205(b)). 

The amendments must be made in the language in which the international application is to be published. 

What documents musVmay accompany the amendments? 

Letter (Section 205(b)): 

The amendments must be submitted with a letter. 

The letter will not be published with the international application and the amended claims. It should not be 
confused with the "Statement under Article 19(1)" (see below, under "Statement under Article 19(1)"). 

The letter must be in English or French, at the choice of the applicant. However, if the language of the 
international application is English, the letter must be in English; if the language of the international application 
is French, the letter must be in French. 

Notes to Form PCT/ISN220 (first sheet) (October 2005) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISN220 

037145-7827 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/IB200B/051351 09/04/2008 12/04/2007 
Applicant 

NOKIA CORPORATION 

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of ___ 3~---- sheets. 

[RJ It is also accompanied by a copy of each prior art document cited in this report. 

1. Basis of the report 

2. 

3. 

a. With regard to the language, the international search was carried out on the basis of: 

b. □ 

c. □ 

□ 

□ 

w 
□ 

the international application in the language in which it was filed 

a translation of the international application into __________ , which is the language 
of a translation furnished tor the purposes of International search (Rules 12.3(a) and 23.1 (b)) 

This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

Certain claims were found unsearchable (See Box No. II) 

Unity of invention is lacking (see Box No Ill) 

4. With regard to the title, 

[R] the text is approved as submitted by the applicant 

D the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

[R] 
□ 

the text is approved as submitted by the applicant 

the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. l~---­

[!J as suggested by the applicant 

b. □ 

D as selected by this Authority, because the applicant tailed to suggest a figure 

D as selected by this Authority, because this figure better characterizes the invention 

none of the figures is to be published with the abstract 

Form PCT/ISN210 (first sheet) (April 2007) 
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INTERNATIONAL SEARCH REPORT 
International application No 

PCT/IB2008/051351 
A. CLASSIFICATION OF SUBJECT MATTER 
INV. H04N7/50 

According to International Patent Classification (IPC) or to both national classitication and IPC 

8. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

H04N G06F 

Documentation searched other than minimum documentation to the ext.,nt that such documents are included in the fields searched 

Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

HO-Internal, INSPEC 

C. DOCUMENTS CONSIDERED TO BE RELEVANT 

Category• Citation of document. with lnnication. where appropriate, of the relevant passages Relevant to claim No. 

X SANTAGO p ET AL: "USING CONVEX SET 1-39 
TECHNIQUES FOR COMBINED PIXEL AND 
FREQUENCY DOMAINCODING OF TIME-VARYING 
IMAGES" 
IEEE JOURNAL ON SELECTED AREAS IN 
COMMUNICATIONS, IEEE SERVICE CENTER, 
PISCATAWAY, us, 
vol. SAC-05, no. 7, 
1 August 1987 (1987-08-01), pages 
1127-1139, XP001053635 
ISSN: 0733-8716 
paragraph [VII. DESCRIPTION OF THE 
IMPLEMENTED CODER] 

-----
-/--

[] Fur1her documents are listed in the continuation of Box C. □ See patent family Rnnex. 

• Special cateyories of Citen documents : 
'T' later document published after t11e international filing date 

'A• document defining the general state of the ar1 which is not 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

considered to be of par1Icul,ir relevance invention 
'E" earlier document but published on or after the international ·x· document of particular relevance: the claimed invention 

filing date cannot be considered novel or cannot be considered to 
'L' document which may throw doubts on priority Ciaim(s) or involve an inventive step when the document is taken alone 

which is c~ed lo establish the publication date of another ·r docJJment of par1icular relevance: the claimed invention 
citation or other special reason (as specffied) cannot be considered to involve an inventive step when the 

•o• document referring to an oral disclosure, use, exhlbrtion or document is combined with one or more other such docu 
other means ments, such combination being obvious to a person skilled 

•p• document published prior to the international filing date but in the ar1. 
later than the priority date claimed '&' document member of the same patent family 

Date of tile actual completion of the international search OHie ot mc1iling of the intemational search repor1 

29 September 2008 07/10/2008 
Name and mailing address of !he ISN Authorized otticer 

European Patent Office. P.B. 5810 Pc1tentlaan 2 
NL 2280 HV Rijswijk 

1 Tel (+31-70) 340-2040, Tx. 31 651 epo nl, Wahrenberg, Annika Fax: (+31-70)::!40-3016 

Form PC r /ISA/210 (second sheet) \April 2005) 

page 1 of 2 
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INTERNATIONAL SEARCH REPORT 

C(Contlnualion). DOCUMENTS CONSIDERED TO BE RELEVANT 

Category' Citation of document wtth indication. where appropriate, of the relevant passages 

A SMITH J R ET AL: "Joint adaptive space 
and frequency basis selection" 

A 

A 

A 

IMAGE PROCESSING, 1997. PROCEEDINGS., 
INTERNATIONAL CONFERENCE ON SANTA BARBARA, 
CA, USA 26-29 OCT. 1997, LOS ALAMITOS, CA, 
USA,IEEE COMPUT. SOC, US, 
vol. 3, 26 October 1997 (1997-10-26), 
pages 702-705, XP010253684 
ISBN: 978-0-8186-8183-7 
the whole document 

CLARKE R J: "ON TRANSFORM CODING OF 
MOTION-COMPENSATED DIFFERENCE IMAGES" 
IEE PROCEEDINGS I. SOLID- STATE & ELECTRON 
DEVICES, INSTITUTION OF ELECTRICAL 
ENGINEERS. STEVENAGE, GB, 
vol. 139, no. 3 PART 01, 
1 June 1992 (1992-06-01), pages 372-376, 
XP000305103 
ISSN: 0956-3776 
the whole document 

WIEGAND T ET AL: "Overview of the 
H.264/AVC video coding standard" 
IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS 
FOR VIDEO TECHNOLOGY, IEEE SERVICE CENTER, 
PISCATAWAY, NJ, US, 
vol. 13, no. 7, 1 July 2003 (2003-07-01), 
pages 560-576, XP011099249 
ISSN: 1051-8215 
the whole document 

SEGALL C A ET AL: "Pre- and 
post-processing algorithms for compressed 
video enhancement" 
SIGNALS, SYSTEMS AND COMPUTERS, 2000. 
CONFERENCE RECORD OF THE THIRTY- FOURTH 
ASILOMAR CONFERENCE ON OCT. 29 - NOV. 1, 
2000, PISCATAWAY, NJ, USA,IEEE, 
vol. 2, 29 October 2000 (2000-10-29), 
pages 1369-1373, XP010535224 
ISBN: 978-0-7803-6514-8 
the whole document 

Form PC I /!SA/210 (continuatior. of socond sheet) (Api ii 2005) 

International application No 

PCT/IB2008/051351 

Relevant to claim No. 

1-39 

1-39 

1-39 

1-39 

page 2 of 2 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000114



PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: PCT 

see form PCTASAi220 WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Applicant's or agent's file reference 

see form PCTASA/220 

International application No. 

PCTAB2008.-051351 
International filing date (day,monthl}lear) 

09.04.2008 

International Patent Classification (IPC) or both national dassification and IPC 

INV. H04N7i50 

. Applicant 

' NOKIA CORPORATION 

1. This opinion contains indications relating to the following items: 

[:?J 

□ 

Box No. I 

Box No. II 

Basis of the opinion 

Priority 

(PCT Rule 43bis.1) 

see form PCTl!SA'-210 (second sheet) 

Priority date (day.month/year) 

12.04.2007 

D 
□ 

Box No. Ill 

Box No. IV 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

0 Box No. V Reasoned statement under Rule 43bis.1 (a)(i) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 

D Box No. VI Certain documents cited 

0 Box No. VII Certain defects in the international application 

D Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will usually be considered lo be a 
written opinion of the International Preliminary Examining Authority ("!PEA") except that this does not apply where 
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the 
International Bureau under Rule 66.1 bis(b) that written opinions of this International Searching Authority 
will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to 
submit lo the !PEA a written reply together, where appropriate, with amendments, before the expiration of 3 months 
from the date of mailing of Form PCT,1SAQ20 or before the expiration of 22 months from the priority date, 
whichever expires later. 

For further options, see Form PCTASA,,220. 

3. For further details, see notes to Form PCTASAQ20. 

Name and mailing address of the ISA: Date of completion of 
1 this opinion 

European Patent CJffice - PB. 5818 Patentl.:iag~ form 
NL-2280 HV R1JSWIJk - Pays Bas PCT1SA'210 
Tel. +31 70 340 - 2040 Tx: 31 651 epo nl • 
Fax: +31 70 340 - 3016 

Form (PCTASA,237) (Cover Shee1) (April 2005) 

Authorized Officer 

Wahrenberg, Annika 

Telephone No. +31 70 340-4890 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Box No. I Basis of the opinion 

1. With regard to the language, this opinion has been established on the basis of: 

r8l the international application in the language in which it was filed 

International application No. 
PCT/1B2008/051351 

□ a translation of the international application into , which is the language of a translation furnished for the 
purposes of international search (Rules 12.3(a) and 23.1 (b)). 

2. □ This opinion has been established taking into account the rectification of an obvious mistake authorized 
by or notified to this Authority under Rule 91 (Rule 43bis.1 (a)) 

3. With regard to any nucleotide andklr amino acid sequence disclosed in the international application and 
necessary to the claimed invention, this opinion has been established on the basis of: 

a. type of material: 

□ a sequence listing 

□ table(s) related to the sequence listing 

b. format of material: 

□ on paper 

□ in electronic form 

c. time of filingifurnishing: 

□ contained in the international application as filed. 

□ filed together with the international application in electronic form. 

□ furnished subsequently to this Authority for the purposes of search. 

4. □ In addition, in the case that more than one version or copy of a sequence listing and/CH table relating thereto 
has been filed or furnished, the required statements that the information in the subsequent or additional 
copies is identical to that in the application as filed or does not go beyond the application as filed, as 
appropriate, were furnished. 

5. Additional comments: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/182008/051351 

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 2-11, 14-21, 23-29, 32-39 
No: Claims 1. 12, 13, 22, 30, 31 

Inventive step (IS) Yes: Claims NONE 
No: Claims 1-39 

Industrial applicability (IA) Yes: Claims 1-39 
No: Claims NONE 

2. Citations and explanations 

see seRarate sheet 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

Re Item V. 

1. Reference is made to the following documents: 

International application No. 

PCT/IB2008/051351 

D1: SANTAGO PET AL: "USING CONVEX SET TECHNIQUES FOR COMBINED 
PIXEL AND FREQUENCY DOMAINCODING OF TIME-VARYING IMAGES" 
IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, IEEE 
SERVICE CENTER, PISCATAWAY, US, vol. SAC-05, no. 7, 1 August 1987 
(1987-08-01), pages 1127-1139, XP001053635 ISSN: 0733-8716 

D2: SEGALL CA ET AL: "Pre- and post-processing algorithms for compressed 
video enhancement" SIGNALS, SYSTEMS AND COMPUTERS, 2000. 
CONFERENCE RECORD OF THE THIRTY- FOURTH ASILOMAR 
CONFERENCE ON OCT. 29 - NOV. 1, 2000, PISCATAWAY, NJ, USA,IEEE, 
vol. 2, 29 October 2000 (2000-10-29), pages 1369-1373, XP010535224 ISBN: 
978-0-7803-6514-8 

2. The term 'spatial coding' used in claims 1, 13 and 39 is vague and unclear and leaves 
the reader in doubt as to the meaning of the technical features to which it refers, 
thereby rendering the definition of the subject-matter of said claims unclear, Article 6 
PCT. 

For the purpose of establishing this opinion, the aforementioned term has been 
interpreted as coding/representation of image samples in the spatial domain (see the 
description, para. [0011 ]). 

3. The present application does not meet the criteria of Article 33(1) PCT, because the 
subject-matter of claims 1, 13, 22 and 31 is not new in the sense of Article 33(2) 
PCT. 

3.1 The document D1 discloses (the references in parentheses applying to this 
document): 

a method of encoding a prediction error signal for a block of data (page 1129, 
right-hand column, para. VII, lines 2-3), comprising: 

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/IB2008/051351 

calculating a difference signal representing differences between sample values 
of a predicted block of data and values for an original input block (ibid; para. IX, 
lines 2-3); 

performing transform coding to the difference signal, thereby creating a first 
representation of a first component of the difference signal (fig. 5- transform 
(F)); 

performing spatial coding to the difference signal, thereby creating a second 
representation of a first component of the difference signal (fig. 5 - mask coder); 
and joining the first and second representations (fig. 5 - POCS; para. VII). 
The subject-matter of claim 1 is therefore not new. 

3.2 The same reasoning applies mutatis mutandis to claims 13, 22 and 31, which, 
therefore, lack novelty. 

4. Pre-filtering the prediction error signal to remove outlier samples is well known in the 
art (see e.g. D2, para. 4.1 ). The additional feature of claim 39, therefore, does not 
add anything of inventive significance. 

5. The dependent claims (2-12, 14-21, 23, 30 and 31-38) are numerous, disparate and 
vague and it is not at all apparent that they relate to a single general inventive 
concept. Furthermore, they do not appear to contain subject-matter which makes an 
inventive contribution over the prior art D1 and D2. 

*** 

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005) 
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Possible steps after receipt of the international search report (ISR) and 
written opinion of the International Searching Authority (WO-ISA) 

General 
inform at ion 

Amending claims 
under 
Art. 19 PCT 

Filing a demand 
for international 
preliminary 
examination 

Filing informal 
comments 

End oft he 
international 
phase 

Relevant PCT 
Rules and more 
information 

ISDOCID: <XS 20C704010CK I > 

For all international applications filed on or after 07/07/2004 the competent 
ISA will establish an ISR It is accompanied by the WO-ISA Unlike the 
former written opinion of the I PEA (Rule 66.2 P8T), the WO-ISi\ is not 
meant to be responded to, but to be taken into consideration for further 
procedural steps. This document explains about the possibilities. 

Within 2 months after the date of mailing of the ISR and the WO-ISA the 
applicant may file amended claims under Art. 19 PCT directly with the 
International Bureau of WI PO. The PCT reform of 2004 did not change 
this procedure. For further information please see Rule 46 P8T as well as 
form P8T/ISA/220 and the corresponding Notes to form P8T/ISA/220. 

In principle, the WO-ISA will be considered as the written opinion of the 
I PEA. This should, in many cases, make it unnecessary to file a demand for 
international preliminary examination. If the applicant nevertheless wishes 
to file a demand this must be done before expiry of 3 months after the 
date of mailing of the ISR/WO-ISA or 22 months after priority 
date, whichever expires later (Rule 54bis PCT"). Amendments under Art. 
34 PCT can be filed with the I PEA as before, normally at the same time as 
filing the demand (Rule 66.1 (b) PCT). 

If a demand for international preliminary examination is filed and no 
comments/amendments have been received the WO-ISA will be transformed 
by the I PEA into an I PAP (International Preliminary Report on Patentability) 
which would merely reflect the content of the WO-ISA. The demand can still 
be withdrawn (Art. 37 PCT). 

After receipt of the I SR/WO-I SA the applicant may file informal comments 
on the WO-ISA directly with the International Bureau of WI PO. These 
will be communicated to the designated Offices together with the I PRP 
(International Preliminary Report on Patentability) at 30 months from the 
priority date. Please also refer to the next box. 

At the end of the international phase the International Bureau of WI PO will 
transform the WO-ISA or, if a demand was filed, the written opinion of the 
I PEA into the I PRP, which will then be transmitted together with possible 
informal comments to the designated Offices. The IPRP replaces the former 
I PER (international preliminary examination report). 

Rule 43 P8T, Rule 43bis PCT, Rule 44 PCT, Rule 44bis P8T, PCT Newsletter 
12/2003, OJ 71/2003, OJ 12/2003 
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Bitte beachten Sie, dass angefuhrte Nichtpatentliteratur (wie z. B. 
wissenschaftliche oder technische Dokumente) je nach geltendem Recht 
dem Urheberrechtsschutz und/oder anderen Schutzarten fur schriftliche 
Werke unterliegen konnte. Die Vervielfaltigung urheberrechtlich 
geschOtzter Texte, ihre Verwendung in anderen elektronischen oder 
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne 
ausdrOckliche Zustimmung des Rechtsinhabers nicht gestattet. 

Veuillez noter que les ouvrages de la litterature non-brevets qui sont 
cites, par exemple les documents scientifiques ou techniques, etc., 
peuvent etre proteges par des droits d'auteur et/ou toute autre protection 
des ecrits prevue par les legislations applicables. Les textes ainsi 
proteges ne peuvent etre reproduits ni utilises dans d'autres publications 
electroniques ou imprimees, ni rediffuses sans l'autorisation expresse du 
titulaire du droit d'auteur. 

Please be aware that cited works of non-patent literature such as 
scientific or technical documents or the like may be subject to copyright 
protection and/or any other protection of written works as appropriate 
based on applicable laws. Copyrighted texts may not be copied or used 
in other electronic or printed publications or re-distributed without the 
express permission of the copyright holder. 

XS CPRT~NPRDE 

JSDOCiD <XS 2006; □0103CF I > 
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Electronic Acknowledgement Receipt 

EFSID: 4129790 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 30542 

Filer: Glenn Peter Albert Jr. 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Information Disclosure Statement Letter 1 2 

Information Disclosure Statement (IDS) Filed (SB/08) 3 3 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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i:i:::u,iin9 ~;:_~tt1-~:rin~. pt-:-:-p-:3:·::~~L ::t:~;j ·_::;_:t:F:;mns'J thB- :.--:o:)1pi~:t~i :3:}~'l-i1:·£:ti:_);1 k~n;~ to ti~e USPTQ. Ti:n-:3 ~vi:! ·it::"•:f f:f:{X::r:(fa~~ ::..:pc:~ H~B in,:j;-,.·ki:.~::;1: c;3~~f:. /"-;,/';'-/ :':{!l"":"1:·:~f,:rts 

:.~f: -tf:f: t:n-:(.,:.-:-:-: :·~f t:rnt:: y:,-::,i !Bql:ir<::~ k: ,~-:)n~p;:·::::·:· :~ii}: f..:r:-:} ~~:-d..-::-:- t•~~g~Jest:,~n-s f·~): r0-d:.:cfrs:J !h!~ bun,~e::~: sf~ct/;J t:•J :;,;:::·~ ~'.-., m:~:: c:1:~~:- i;!:'-:_;;;n::-l.ti;J:1 Otfi(:<:.:~:·: tJ.~;, Pm~~:rt 
f:r:d ~::-au~::r:;aH; Gnk~x:. P /}. B'.·.:x ~4I~G .. ~'..k•x;.::::-d:'iB: ::,//\ 2~:J 1 j .. i4t~O D() NOT ~)l~":NU FEES C:i:..! CC:~l11~i.E'fED f"Of-<t,l:-:;-; ':\) TrH~~ At)Df{-t~.s~; SEN!) TO: 
c.,:<tnn1issk~nm· i~:r f1~t:::-:)t~~ p.o .. Ht.•~ i4~-0. Ai~xanfida. VA zz:3·11--:450 
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Electronic Acknowledgement Receipt 

EFSID: 8112143 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 30542 

Filer: Sanjeev K. Dhand 

Filer Authorized By: 

Attorney Docket Number: 037145-7826 

Receipt Date: 29-JUL-2010 

Filing Date: 10-APR-2008 

Time Stamp: 15:43:54 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

562208 

1 IDS.pdf yes 3 
363 a58f99fce 7f6872 02e09e 7 a63 9aed 2be9 

26f5 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Filed (SB/08) 3 3 

Warnings: 

Information: 

Total Files Size (in bytes) 562208 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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D\' I1:fli' Ui\'!T.ED SlATES PA TENTAJVD TRA.DEJ:fARK OFFlCE 

Titl0. SP.A.Tl/\LLY ENHA.NCED 
"Tl<ANSFOR\:l (~ODiNG 

/\ppl. No,: l2/l01019 

Sir: 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000129



TIMING OF THE OlSCLOSURE 

FOLEY & LAJ·zDl'--JER LLP 

(858 847 ~·6735 
(858 792-~67'73 

Hy Si,njecv IC [Hw.nd, Rz~g. No. 51,; 182 
i\ttorn.c:•i for /\·pp.li<.~ant 
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PTO/SB/80 (11--08) 
Approved f0< use through 1113012011. 0MB 0651-0035 

U.S. Pate~t and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reducilon Act of 1995, no persons are required to respond to a ccilactiori of ,nformat'on unle~ ft displays a va!kl 0MB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO 

I hereby revoke all previous powers of attorney given in the application identified in the attached statement under 
37 CFR 3.73{b). 
I hereby appoint: 

ll] Practitioners associated 'Mth the Customer Number: I 98359 I OR 

□ Pract!tloner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

as attomey(s) Of agent(s) to represent the undersigned before the United States'Patent and Trademark Office (USPTO} in connection with 
any and all patent applications assigned Q!JJy to the undersigned according to the USPTO assignment records or assignment documents 
attached to this form in accordance with 37 CFR 3. 73(b). 

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3. 73(b) to: 

[Z] The address associated with Customer Number. I 98359 I OR 

LJ Firm or 
Individual Name 

Address 

City I State ! Zip 
I 

Country 

Telephooe l Email 

Assignee Name and Address: 

Nokia Corporation 
Keilalahdentie 4 
Espoo, Finland 02150 

A copy of this form, together with a statement under 37 CFR 3. 73(b) (Form PTO/SB/96 or equivalent) Is required to be 
flied in each application in which this form Is used. The statement under 37 CFR 3.73(b) may be completed by one of 
the practitioners appointed In this form If the appoJnted practitioner Is authorized to act on behalf of the assignee, 
and must Identify the aoollcatlon in which this Power of Attorney is to be flied. 

SIGNATURE of Assignee of Recor-d 
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature /--;:~~~ Date 6 Cl.u4u--J' f 2t__·yo 
Name Harri Honkasalo Telephone + 358-71-8008000 
TIile Director, Patentinq, Legal & IP 
This collecliOO of ,nformat,oo 1s requ,r6d by 37 CFR , .31, 1. 32 and 1 33. The 1e1formatlon Is require(! to obtam or retam a benefit by the public whlch ,s to file (and 
by the USPTO to process} an application. Confidentiality is governed by 35 U S.C. 122 and 37 CFR 1.11 and 1.14. This collection Is estimated to ta'se 3 mlnu!es 
IQ complete, including galh&flng, preparing, and submltting the completed appllcalion fo,m to !:ha USPTO. nme v.,11 vary depending up0n t•e lnd1vldual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief !nformatio,1 Officer, 
U.S. Patent and Trademark Office. U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO TH!S ADDRESS. SEND TO: Commlssion8f" for Patents, P.O, Box 1450, Alexandria, VA 22313-1450. 

ff you need assistance in completing the form, calf 1-800-PT0-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 9256964 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 30542 

Filer: Sanjeev K. Dhand/Marisol Moretto 

Filer Authorized By: Sanjeev K. Dhand 

Attorney Docket Number: 037145-7826 

Receipt Date: 19-JAN-2011 

Filing Date: 10-APR-2008 

Time Stamp: 14:34:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

33145 

1 
Assignee showing of ownership per 37 sb0096_37CFR3-73b_Statemen 

2 
CFR 3.73(b). t_00002-5481.pdf 

no 
3c5973ce42b0f2cd9d6d320efb37b2738ba 

3fba1 

Warnings: 

Information: 
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2 Power of Attorney 
Nokia_Executed_General_POA. 

pdf 

35715 

no 1 
f0313fef37df0c26d3f3681 d73e832fdcace 7 

199 

Warnings: 

Information: 

Total Files Size (in bytes) 68860 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PTO/SB/96 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent Owner: NOKIA CORPORATION 

Application No./Patent No.: 12/101,019 Filed/Issue Date: April 10, 2008 ----------------- ------------------
Titled: 

SPATIALLY ENHANCED TRANSFORM CODING 

NOKIA CORPORATION ______________________ ,a Corporation 

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc. 

states that it is: 

1. ~ the assignee of the entire right, title, and interest in; 

2. □ an assignee of less than the entire right, title, and interest in 
(The extent (by percentage) of its ownership interest is ____ %);or 

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

the patent application/patent identified above, by virtue of either: 

An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in 
the United States Patent and Trademark Office at Reel 021174 , Frame 0553 , or for which a 
copy therefore is attached. 

OR 

B. D A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows: 

1. From: To: ---------------------
The document was recorded in the United States Patent and Trademark Office at 

Reel Frame --------- or for which a copy thereof is attached. 

2. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame ________ _ or for which a copy thereof is attached. 

3. From: To: 

The document was recorded in the United States Patent and Trademark Office at 

Reel Frame ________ _ or for which a copy thereof is attached. 

D Additional documents in the chain of title are listed on a supplemental sheet(s). 

D As required by 37 CFR 3.73(b)(1 )(i), the documentary evidence of the chain of title from the original owner to the assignee was, 
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11. 

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in 
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08] 

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee. 

/Sanjeev K. Dhand/ 

Signature 

Sanjeev K. Dhand 

Printed or Typed Name 

January 18, 2011 

Date 

Attorney 

Title 
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time 
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner 
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection 
with your submission of the attached form related to a patent application or patent. Accordingly, 
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the 
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; 
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark 
Office is to process and/or examine your submission related to a patent application or patent. If you do 
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to 
process and/or examine your submission, which may result in termination of proceedings or 
abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the 
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from 
this system of records may be disclosed to the Department of Justice to determine whether 
disclosure of these records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of 
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to 
opposing counsel in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of 
Congress submitting a request involving an individual, to whom the record pertains, when the 
individual has requested assistance from the Member with respect to the subject matter of the 
record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in 
this system of records may be disclosed, as a routine use, to the International Bureau of the 
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal 
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to 
the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as 
part of that agency's responsibility to recommend improvements in records management 
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall 
be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not 
be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after 
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent 
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 
CFR 1.14, as a routine use, to the public if the record was filed in an application which 
became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspection or an 
issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the US PTO becomes aware of a violation or potential 
violation of law or regulation. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

12/101,019 

30542 
FOLEY & LARDNER LLP 
P.O. BOX 80278 
SAN DIEGO, CA 92138-0278 

FILING OR 3 71 (C) DATE 

04/10/2008 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jani Lainema 037145-7826 
CONFIRMATION NO. 7368 

POWER OF ATTORNEY NOTICE 

11111111111111111 lllll ll]~!l]!~l!~l!~l!~HHUll lllll lllll 1111111111111 

Date Mailed: 01/27/2011 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/19/2011. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/atesfai/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/101,019 

98359 
AlbertDhand LLP 
11622 El Camino Real, Suite 100 
San Diego, CA 92130 

04/10/2008 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jani Lainema 037145-7826 
CONFIRMATION NO. 7368 

POA ACCEPTANCE LETTER 

11111111111111111 lllll ll]~!l]!~l!~l!~l!~H!!Ull lllll lllll 1111111111111 

Date Mailed: 01/27/2011 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed O 1/19/2011. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/atesfai/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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PTO.iSB.ii)8t; (C-7.m}) 
Approv~:ci ft)~ use tt1rc,:gl~ ffl/31/2012., 0~-.i-!S C~6~,1rGQ3l 

li.S. Pmemana Trademark Office: U.S. DEPARTMENT OF COMME.HCE 
Under tf~e Patrervvrnk R.;;i.dutiion Af..i of: 9~-~; no perscn~ are reauir«ct ~o r~~t.•f..•nd :n a •~..1ltecticn of ir1to~maUo-n ur:tess H con~it'l~ a ~ ... afoj OMe( CC1i1:kc~ t1urrtber ¥ ,. ·~. - ¥ -s ,. ' .. 

.t:'s,.,r.,s!ilule !er fo,·m 144:,iPTO 
Complete if Known 

Application N~mb¢r 12/10"1,019 

INFORMATION DISCLOSURE filing Date 04/1012008 
STATEMENT BY APPUCANT First Named Inventor Jani Lainema 

Art Unit 2624 
f/Jse as rm,n~• sheets as necessary) 

Shoot 11 

Examiner 
lnitiais" 

Examiner 
Signature 

Cite 
No. 1 

A'I 

l 

! 

I 
I 
I 
I 

Examiner Name DO,. ANH HONG 

! of I 1 
Attorney Docket Number 00002-5481 

NON PATENT LlTERATU.RE nOCUl\·rn,NTS 
Include name of the ai~1thor (in CAPlTAL LETTERS}. title of the article (when appropriate}, titli-) of 
the item (book, magazine, journal. serial. symposfam. cE1ta!og, etc.), <laie-, pawci(s), volume-issue 

nurnber(s), publisher. dly aridlor country where published, 

English translation of Office action for crnTesponding Korean Application 
No. 2009'-70235.27 dated January 6, 2011 

Dak 
C1)nsidered 

\ 

! 
c T' 

___ ...._..._ __ ~ 

l 

I 
~ 

I 
l 

! 

"rX..:\f,."'i!Nt:~R: fqitC::5-~ it r~fu~<:'lnc<::> C"'._in~id&r~rl~ wh&th.ixr .-:.ir not cH~~ion ls ~n. cc·n:Cm:1~n1.:e- <.tJ!th MP'f'.P eos,,_ Or3v,r !in~"1- fr1-n:\•..,1gh -:.:Jt<-)fa)ri if :1ot i~,. -co-r:fon'r:i-<H"I-Ci& ar1d nnt 
cons;tlerect. lnci\,(je WP\' orttlis torm wilt: nex! o~mm1mfcallon to app!lcant 
1 Applicant's w)ique c-.i!atton de&l9rn;;!k1n rmmtJf:r (/lpliomii). 2 App.fo:-.ant is tap.ace a check m;,rk here ii Engiish iang,1age Tram,iatio11 is ;,t;;,c!led. 
This cotl~:r..:tion ot· !nfotmiwon ts. tl::t--tuir~JU bV ~7 CFH ·1, 98. The infoftnaUoN !s re~uimd ti..l 1..1bta~n Qr retaiH a t.1enef1t t1y tl:1-e pubtir; "'~1kh t:s to fiJ~ (and by the USPTO 
to proc.~E$S} an appHcaHon. C;.;nnu~.rnw:lity i!:$ gQvetnect by ~\5 U.S.C, ·t:22 and 37 CFR ·] :14. Ttifs coHti':l'..::tfon fs e-s:htnate:...1 tc taKe 2 tiuurs Ki C.Qn1p!~~1:1.. inckidin9 
g3ti-ierlng, preparing, and ststlmittmg me ce:rnpleted applicali-::in torm le the USPTO. nrne wili \/of\' deP<3-r.<ling uptm Hie in<livf,J,,'<>1 ca~i,. Any ◊'Jmmenls on tti~ 
.amo;,,t:1~ fl tirne you. r~qHlfB tu t:i1t11ptett: tM~ forn't t:ri:d:ff.": su-gg,estions to:- rf3dudn:g this blm..ien~ sh,.1uh~ be serit to the Chle-f h:forrn23t1on om~r. U. S Patent a Nd 
Tci.,1emm~. On:,,>::, P C. 8<1x H-50. Ai<,:Y,e.<mJr,e.,, VA Z,!,\·J,}, H5H. 00 NOT Sf:NO FETS t:)R CCJl.•l!~U,TH) !'ORMS TO THlS ADDHESS SENO TO: 
C-ommlsslonerfor Patents, P.0, Box 1450, Al~xandria, VA 22313-1450. 
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Spatially EnharKed Tnrnsf()nn Coding 

! . /\pplicant is hereby notifotd pursuant to Anick 63 of the Korean Patent Ltl"<V that 
this application is re.itx~wd ()11 the folknving grounds. Any eonunents/argurnents along 
\Vith any amendments that the applicant may \Visb to subnut in response to this n:."Jtction 
rnust be filed by <i I\:brch 201L 

2. The due dak~ f()r filing a response niay h.: ;;.,:xt(:n{h:xi for Il pt~.nod oJ one or rnore 
months by filing a n.'qtH:)St for an extension of t!w tmH:) period. ·for rep! y·. Such a rtx1twst 
rnust nHJude an appropriate fefi and should be filed by the due date frir fihng a n:;spons(:. 
-:<..,j·•)t-·•:,,, ·1·1·1---:::-<-..., ''l.lf-) (•":•1·'11 '<'-•")fl""•:,,.·•'t,'- 1-·:·1··1\' l~-> -f,j ·;,,,-l i--r•-+ ~1-~ "> ·le•·::.. -~~:\.:·-:,, .::.\1r ..,\. ...... 11·•1-·i ··1 l"'")"•t1· ... 1·1·•,-:,,, .,~:...,;,1 ,·,1·1J,, .:.\• .,.;, ,.. . ,:,, ' \..• . ;.. ,~, , ... !. l :'i-:·'· ,.,, .. ::;,, ,.t <-/ vl. Lt t.u, l. ,.;,. ,. .,.';.,'. t ,.,, .. ,.,(l,"• ).'-._ .. , 'l ,. b (·. i;,:.t;i-· \.J . ::;.,, \..-,:~,. \.; . / 

bt~ t)xtended for a maxirnurn period of fiJm months .from the initial due datt:. lJ it 1s 

n(:;i.X~ssmy to extend the tnnc period fr.,r reply by nK,rt-:: than four months" a rtxisonab!e 
·;,,x:-·,j.···rrT"< ''rt .. -~-f ss· ,.._\) <'.) ·""l ") "),"l "T~lt ·d- b·::i. s~·:t\"T~Jf{"·::..,j ··i ~ •• "l_. ... \~';t-11 t"tl-:,., Y-""> ·1r· ·::-.s-.':-t.,·. p d. c tA\., . U. , d,.,:t '" L (;.:.!;;.( L , ... -'.:h :.,, .. , dl.•l . .l , , .. ,. ,odUl b ,._,, J. ..l , .. , \;.st .. ,, .... ,. 

o Examined ekurns: C!aims j •• 39 
o Rejected parts of the prt~sent application and n.\!ated articles of the Korean 

Patent La,v 

.. Number ..... "• ····.····Re_1~cted_P1::r'.;., ··, .,--····'··········.················:·Rdated .. A.rtick3~,··········,···········.J 
1 c·Jainrn 12-21 anu :)\J--J~, i Article 42,, Paragraph 4Ct} ot the 

i K<.,re'W P·0it"'J'i' r Tv,· 
,,,,,,,,,,,,,,,,,,,,,,,,,,;,,, -.... ,,,,.,_,,,,,,,,,,,,,,,_,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,;,,·,,,,,,·,,,, ·~,,,:,,,,, :'.,"·~· ,: ... ,,, ... ·'-,,·,·,,,,_( ,,,,,,,,,,,,,..,, ,_ .. ,,,,,,,_, __ ,,,,,,,,,,,,,,,, 

·, i !::.ntire clairns i ArtH..Jt~ 29,, Pw·agrapn 2 oJ HK". Korean 

.......................... 1 ....................................................................... 1 .. Pa.tent .Lmv ........................................................................ .. 
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l . The present application is not m condition for a!lo\vance because ckluns l 2-2 l 
and 30-38 are rejected under Ar!H:::!e 42, Paragraph 4{2) of the Korean Patent Lav,,. as 
b,:jng indt,finite for foiling to particutarl;l point out and distinctly chum the subject .matter 
H11..~reof on the grounds as pH.rticularl:/ stabtd behnY 

HELO\V 

(l) Claims 12 and 30 are din}cted tu '"a product.'' Fknvevei:, a ''JirochH.J.'' mdicates an 
ot~1eet that mcludes a supplemental eiement added fi:.ir corrnrH.:n.:iaJization, and th1..rn, 
c,;mnot bZ:, regar1..kxi ,Js a proper inventi<ffl category 

(2) Claims 1 J-21 are din..:cted to "an apparatus '' HO\VZ:,VZ:X, the purpose for usmg the 
apparatus is not c!e;Jrly recited. Cbirns 3 !-38 are ,;dso n:~11..:cted on the same rt:is.:x::hon 
gJ·Otinds, 

(3} Claim !9 ree:ite::; "the outlier vafoes ... (ornitted) .... the non--out!ier vafoes. 
Ho,.vev·er,. ihe antecedent bases for ''the outlier vaiues'' and "the non-outlier value::;'·' a.re 
not dear 

(4} C!ai:rn 20 recite::;, '"the memory unit ., -~ ~! ., r·' ·1"' , 'I,"• ·{1 m tng t'i oc.K rr, (Etta 1c.;.JJEH\'1P.f!tts'. • • n.ov,,ever, 
i·}·is• ,,,,,·qi·s,,:.si.··ir> "1'1'~<U):'"!'"lJ•'"l·,~1·.,"· i's .,,,·it· l"<~"''t)"'>irlHl'c•:1! ,-,1,,,,ll' :·1t·i-·l •+i•· '~"j·,~,~,.,j,~qj jy,~·i·,, 1·:,,.)l'' "t·h« . . w "-••'""}· ..,,_.,.._> .. ,.I,._ ..... -t .. ~-"'t·t·-' ,,__ .. , . ._ ).,., -x~ ... A).L . '-'·'--~L. , . .. -....~-:;:: ~"' ,._.~w .. '-:s,. '- .t.-. L,;. .w >.".Id\.\.,\,..),,.,~.\..) .• ,;. . ct.:- ~::<. c .. _ .. ,.~ 

block''' is not clear either. 

(5) C!airn 2 l recite\ ''the mernory unit .. in thr block of data iLw11nwrimg'" !+:)\.vever,. 
the expression ''ff appropriate'' is not dear technological ckar, and the antecedent basis 
for ''the block' is not clear. 

(6) Claim 30 recites''..... to perforrn the process ot cinim 19_"· 
l•
1

·1·1··,,l.,,t1'"'l t'<'·i '"'' '""'i)-:l'"··><,,;; '~",-·l rh,,,-:; ,~,·)1· 1··,•r''t"' ",-,l'<',eF•''" ( 11·,,::-,i'}, til-f' " .i ,:,,...· .· ,....,.,J .. ,, .. ~~ .. ) .. ~t··~ -t.: .. : c.,.~~-";. t❖.i.~•'I,..).. ......... _ ..... , •.. ,;>,.~. ,:,,,,,...·: .-._;,, :'.:· .. , ............. ...._.,,,_,. ...... ~""'"'-· !, .• .. }. 

the recitation of clairn 30 is not clear. 

However, c:Iairn l 9 is 
"j'•t,l"'-' tj-,,~ 1:'1 '''"'1 ;1··,n <1f' ' ... ,t....._,.,.:':'" .t ....... ~ ... '),,,(~l,.(,.;), tc,. \..., 

(7) Clain1 31 recites "... a decoded representation of lhf data block."· l-fo\vever, the 
antecedent bas1s f)r ''thZ:~ data block" is not clear. 

The pn.~sent applicatmn is not in condition for alknvance becmise a!l claims are 
rqected undZ:~r Article 29, Paragraph 2 of the Korean Pm,:.nt Lav,..- as being obvious to on('. 
of ordinary skill in the art in vic\v of the prior art of record bd;;.1re the filing of the present 
apphcati<.)n on the grounds as particularly stated bekwv. 

RELO\\i 

ij \ Chi'T ! ;., ,fr,,·,' 0 'i t·, ·-i rri··,tl·i··d p-"' ''r)''Yh·,,, ,, r-··,(lic+i·,r ''fC'T -.;i·~i--.··d ·h~- ··1 ~' 1•)''k of , · / .. ,. ,, ., .t ,,:, , n: .. ,,.,,.__,_ ,, c ,. ,;; .. ,. ,,,!.. .. l. , ... ,A<..., ·'b :,·,. 1,.;, ;;; ... A ,, ., , ... ,, ... b ·"' .1, . .t <- v.t1,,, .. • 

,·} •·;'\'- -•:-i. t l·i ·"" -:" .... , ... ·:..t L.,. ·-.. .-{ 

1) • ..,.l· ''l l: r ... \-., .-, l"'J:-.. f ·:..<-·1· .- ... -..: ... A ; ~..,, t1"' •:i.. '"" • ...., ,.1"' tll· l . .., .-~+ ~ ,·-..i·~ '11., tr·~-~ i·~- .-~i·-',., '~··1"1·1 c- '): .J l. "':'"' a ··r~i -~: .... ~Y~ .~ l. ··1 } ,, C<t(>,, ,. <.,: .. l> ,,.-d ,, .•• ,, t-,:. ' :.-., , .. 1,,,. ( .\..-\,.-, ,',:s:.-1,., .0 '· .b., .. <..A, .d.t .l<Oli.:\, .t ,__ ., (;. L:,. \,' l . >.,.1,.,J -"t_:, ,,,, >.l ~'1-·""· (·., 

coding. f-kn\.:ever, ''T)sing Com,'(~x Set TechniquZ:)S h)r Cornbined Pixel and Frw.}tWlX'Y 
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dornain codn1g of tirrn.>varying irnages'" (Santago P. ct al., IEEE Journal on selected areas 
m co1Tnrn.1nications, voL SA.C-05, no. 7, I August 198.7, pages ll 27~ l l39, hereinafter 
referred to as the cited rdcrence), ,vbicb is pubhshed bd~.)re the fi!ing of the present 
apphcati<.">n, describes an ,~1Koding method in \-Vhich encoding methods of a pixel area and 
a frequency area con1bined. Comparing the invention recited m clmm ! of the present 
apphcation and the cited reference, transJbrm <.xxfrng performed to create a first 
representahon, spatial coding perf.xrned to crettte a second representation, and joining the 
first and st,cond representattons, vvhich are the main foarnres of th?. present app!i<.,ation, 
correspond to the cited refo::rence desuibing combinatHJn of a pixel domam codmg 
·t·,,.,tll'l•''jl" ., ,.,.,.J ., 1·-::. .. ,.1,··,-·i··"\··· ··'-)l'"1''l.') '"")'•j'~i····, ,, .• ,.,h,·,i· ··•xi·, .,., ··j· ·,t··~ij. <-ly, ir·,i•1···1··)•·1-.) -,·)··l<1·1c .>;;-~.:[. H . .l\.:.· ,:tld,l i:, .. l\.:Ai,.;t., \..,J ,_.H ... .( ,,. , .......... ,.,-lb t, ........ d.d tp. \.:.·. . !., ,.t- ,:·",' tLI.:.· !--S: l ;:<1.\.., .. ,. '''- \. l. -~~\ 

-1·-:.. .. "'._. -f~ ·> .... ~t·\,_.·{ ··:..\··"•:,.,-t·•~y ,-.·:.. ~ .... ) ,"!-~··:,..,,, ... .f~',('-·-·t· )".'\ -}··ff',.:~---> .. ~.---:,-> ···-·,:·~•-·l ~-........... \.-,. .... ~: ..... +.--..-J· .-~ .. ~ -{ i· .... -~.-j· .. ~ r • .... . .l\,.,l.n ,.dl. l._.,.t .. ,., H.: ... \.:.-,1.:.-,), .. 1; .. u ,.ia,. u.,$ <>- Clu~..!<;..:,h,.,;:. $ll'\,l.c(.,.l '" ,,,:HIA./J.,:,H:.,,. ,:t!l\., ,.-vt.hlb 1'::,-

l-,.·:,yc·f•·y~·r-•l❖-j t··, thr· {{-•·.c::.e'tt ... n·---e s-•·qv1:~1 ll•")\~•-:Y.;~e,--· +f-.e f~ ... ct {-h~:\--· -~-q•·tcd~-~~l~-.: jr rier-f''l"'T'•1·~--1 t•") ··1 , .• >;;.!., .. LI,.,\. .... i.: .. • .. ,.,H.l .. , • ... \._ .. • .. ,.li_,y <,.. . ., .. ·;,;.,:: .. ,, , . .>: .. >,:, ,•. t. ,·,, '( ... ,.l.· .>.Ji I;.> ;:, ,·· ·, ., .. II'(.,\.. I.,(. 

dif!(-xence signal is ohv1ous in regard to a prediction coding pro,.:,~ss and it 'Nould have 
bt:(!n ob-vintis to one of ordinary skill in the .art to sirnply add this operation. Thus, it 
s:vou!d have be(:;n ob,-HJUS to cnH.~ of orchnary skiU in t1w art to nr-..,,(:;nt the inv(:;ntH.m n.:x~.rkd 
in dairn l in v:is.~\v of th.c::.. cited re.fe..:re:m::.e 

{2) Detaih about 0!.1il11:.~r values recits.~d in claim 2 and details about spatial coding and 
·h·p•1sf-·"'1""'1 ,.,_, • .._,.1.;1·10 :->~1,.1 :01 "lic:-~~-,~1,, t1·•:.1·1"''~·w1"' f[)(''T) i,,~ 0 ·1·,:;. v,·~,,_;,,,. 1·••··-1·1<>.,j ;.,1 ,,_t,1·1·>·1"'- -~--l-.1 ~l· •. -t_.i ._)_~_. __ .,_).._ -....,;, .... 1.1 -'-;:;:,. •. -r .. ~ ,J ... t,>., .... ,-...~-...~·.:r;. ..... <.->..1. ... >.l\..•. t . .: \ ..... -"-.> l. ... ~.,.~ ..... -...,_-..,.,,.\.. .. , w~ ,;.\...~ .,) -.... .... u . .1 ...... ,.. •. 

\.,,·ni•lt1 h•:>'O·.> ·1v••·1·1 ··1},·/1•,><» t,.l n<><>: nf,·,r,·.i;,1,:.1·" ,;,1,;ll 1'" it1'": •:wt l<' .... l.""'''-' q•f:,.-1'·1"· ''.')l'J\.'<>r>·•1·,·i·r><>.]" •:1i·•· ""'- ,., .... ;i, 'l.~ .d:L~" x, . r.;.•w .. 1. L ,,_> \. \., ,..,). ... > ,_.,.__ <:..•) i, . .. ,A 'L .. ,lL1. .... .), J ..:.o,.l. . :i.) "-··· '-· <.-.{ •. . ,:i.) '..,. \., 't-< .... J. L .w· -....\., .. ,. '.>.., •• -tS-. c l>:.C . .:. t, 

(4) C!afrns !3--21 are directed to a different category fron1 clai.m l but recite the san1e 
technical features. Thus, dairns 13-21 also ,vould have been obvious to one of ordinary 
<;;_J,·'ill 'in 1ha. ,:,,•t ''-!"l t!"'' -:,,,,~,,,, ;}n'<ll~,.+, '1·" e!-~i~1-, ·i .... :-.. ;,. . s..,: '-Jt..,,_, ,:.;s.,,t.~ '-·'· , ._. :...._,·,>..._.:,..,.,:~..,,_.Os..,.,,._~,,_.._.,\,:,..},...:,._... i:-_..._.,,.)\J: ., • 

(5) C!aitns 22--29 are directed to a decoding meth.<.x'l \-vhich is in accordance \Vith the 
'-"'~·•btv'l , ... f '""•·',,,,d~i·~;} .-,,,.,_.;t,,.,.i ;~, ,.,_],,,'1·,-,1,, ] .. 1 ·i :0<l1(J i··,,ri't,::. 0-'1''-'j'Pt'·1'n-nq tl·,:~t "1l'•' h,:><;;_,~,-J ()')· ·r·},~ >.,..,,...,.,s,,.,,,._,, ,_,, .....,.s,.,..,,,,.,., .. ...,,.,,. ·'-o ,..,,...,:..-,. . .....,.,J; ... ,.~ . .,_.~.,_❖, >-} ........... t \ ,..,..,., .. J . ....,...,. .,......,, ··t·"-· ,..:e. ,.>~ .... ... >.;...}. ,t,.,. ......... ,~-.. ... ~ .. ,J .. :i: •. ,,,,," 

method of en.coding. Thus, the invention recited in dainu; 22--29 also \vould have been 

(6) Clairn 30 1s directed to a d1tTerent ob_iect from claim l 9 but recites the sarne technical 
features. Thus, dairn 30 also ,vould have been obvious to one of ordinary skill in the art 
on the same grounds as claim "! 9. 

(7) Claims 31-38 an.~ d1rected to a diiforent category from the method of decoding recited 
in dairns 22-29 but recite the srtme ted·rnical features. Thus, clai.ms 31-38 also would 
have been d:ivious to one of ordmary skill in the art on the same grounds as cla.i.ms .22-29. 

(8} Clann 39 is a modified version of clairn l. Hc,\.vever, it \vou!d !Kt\'<;..: been obvious to 
one of ordin,0iry skiH :m the art to change ciann l into cJairn 39 in a Vl<\Y f'(:;Cr!.ed herein. 
Thus, the mvention recited in dann 39 also \!i.lOu1d have bt:en obvious to one of ordmary 
s!:6!! in the art t("> invent on HK sanK ::.~rounds as daun l. • ~ • 
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Enclosure: 
Santago P. et al., '"Using Convex Set Techniques for Cornbined Pixel and Frequency 
d<)main coding of time-varying images." IEEE Journal on sekcted areas m 
cornrnunications, 1 A .. ugust 1987, pages l 127-! ! 39. 
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~~HYIC HQHJ lfOl=Ri~ fg~~ =;~~i'g~ ~l=Ri~ fg~~ lo~1'6 *HI~ fC:~1=6 lwm =;1f0(-n-f@ 

f2 IO, ~i~ §fa, ~~ 10 -68~ ~-a~~ S85Bd 'L86~ isn5nv ~ 'L -OU' go-:ws - I OA 'suo ! +B::l ! unwwo::i 

Li! SB8JB pe1-::ie1es uo IBUJnor :3:3:31 ·-1-e +8 -d O6B+UBS)11-se6BW! 5U!liJBA-8W!+ 

JO 5U!PO8 U!BWOP li::iuenb8J.::J PUB 18X!d peu,qwo::i JOJ senb!UL,P81 ies X8AUO:) 5U!Snll 

fa~lj:gic BniR lfOlY ICl:51?,~ IOI?,~~ 'F□ l=i~fa 201:Ri~ f@~~ =;~~ 20@~ ~i:c 

=;~~i'g~ ~fg~~ iC~ ~of@~~ ~fF\ ;;;~i~ BHYIC lfOi~~I~)'. l<S~c~fQ~ lol?,~ ~ U) 

- H2 W -

-nl7~m * ~iR ~fQ~ f2~JJ lf0i~Gl~l'.}:6c;l~Y i=RfQ~ 2 □ IOi:c =;;i 

* i~~i~ lfl~~IO§ ~C( ,tr::~g, ~~IO)tr:: G:~C ~IYli loi~~ ~YlfOW~~IC =;~~~ IO~i~ 

10 lfOlY ]?,~ C IOi~ ~oH2W ;;;~i~ BHYIC lfOi~IY i~C~ lol<S~c~fQ~ lol?,~ 10 -;:; 

-n 17 ~ru Ii ~~i~ ~ 10 i:c =; ~~ IY Ii ~c, 1c 

i~, noii r:i::-~~HYIC 211·------~~H Bf@~~ lo~~ ~31018 ICi~11 loi~~81~1'. i~c~ (L) 

-nl7~ru Ii 

~~i~~ IO§Hl ~-C:i~ =;~~§fa 200m ~CHYie -f@HJ lfO(l=Ri~)Yl~Y2n 20~i~ l:ti~ ;;;i~ 

6~1~1'. 'noii r:i::-~~HYIC 2 .. ·------=;~~lj:g* ~~Yl~Y2n loi~6~1~L lf0i~081~1'. i~c~ (9) 

-n 17 ~ ru Ii~~ i~ ~ Io i:c =; ~~ 

IYli ~C,ICi~, 'F□ IOHYIC ;;;ru li~~i~~ 10@~ fY~IC C ;;;,fcHJ~~~fY, 'noii r:i::-~~Hl'. 

IC 211·------1f0Hl ~~ ICi~ lo~310li=J 'fcHJ~~~fY ';;;h-g- l'2 □ IHJ11 lfOi~~c;l~Y i~c~ (9) 

-n 17 ~ ru Ii~~ i~ ~ Io i:c =; ~~ 

IYli ~C,ICi~, 'F□ IOHYIC ;;;ru li~~i~~ 10@~ fY~IC C ;;;,fcHJ~~~fY, 'noii r:i::-~~Hl'. 

1c 2 II· - - - - - - lfO H1 ~ ~ lei~ lo ~310 li=J • fcHJ~~ ~ fY ·;;; h-g- 1'2 □ IHJ II lfOi~o;:;1~1 i~c ~ (v) 
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/\.tty Docket No. : 00002-5481 

1/V THE ll!V111N) STA TES .PA TEt"iTA.ND Tft,1DE&IAR.K (FFFlCE 

Applicant Jani Lainerna 

Title: SPATIALLY ENHANCED 
TRA.NSFORlv1 CODING 

Appl. No.: 12/ 10 !JH 9 

Filing Date: 04/10/2008 

.Examiner: DO, .ANH HONG 

A.rt Unit 2624 

Confirmation 7368 
Number: 

lNFOR~'lA 'HON l)ISCLOSURE STATEl\-'IENT 
UNO.ER 37 CF.R §1.56 

itail Stop Amendment 
Cornmissioner for Patents 
P.0, Box 1450 
Akxandria, VA 223 l 3-1450 

Sir: 

Submitted herewith on Form PTO/SB/08 is a listing of documents kno\vn to 

Applicants in order to comply \-vith Applkams' duty of disclosure pursmmt to 3 7 CFR § 1.56. 

A copy of each non-U .S, patent docmnent and each nnn-patent document is being 

submitted to comply ivith the provisions of 37 CFR § l .97 and § 1.98. 

The suhm ission of anJ/ docmnent hen:.\vith, ivh ich is not .a statutor)· bar, is not 

intended as an .adrnisslon that such docun:)ent constitutes prior art against the chlin-1s of Ux~ 

ptesent application or that such document is considered material to patent.ability as defined in 

3 7 CFR § l .56(b). Applicants do not waive any :rights to take any action which would be 

appropriate to antedate or othen-vlse remove as a compet.:'.nt reference any document ,vhich is 

determined to be a prfrnaj,1cie art rderence against the clairns (rf the present application, 
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Tl.MING OF THE OJSCLOSOfUr 

The listed docwnents are htjng suhi:nitted in cu.mpliam:e with 37 CFR 

§ ! .97(b), bel'brc the mailing dm.c l)fthc first Office Action on the merits. 

RELKVANCE OF ltACH UOCUiVlENT 

AU the doi:::.uments ~lr('. in English and from an office action for corresponding Korean 

/\ppllcation No. 20{}9¥ 7023527, 

A.pplicants respectfully request that each listed document be considered by the 

Examiner .and be n1ade of record in the present applkatkm and that an initialed copy of Form 

.PTO/SB/08 be returned in acc{)rdance 'i:Vith i\-l'PEP §609. 

/\.!though Applk:ant believes that no fee is n.:.:quired, the Commissioner is hereby 

authorized to charge an_y additional fr.~s 'Nhich may be due to Deposit Account No, 50.¥5302, 

/\lhertDhand L! .. P 
C1:11;km1er Number: 98359 
Telephone: (858} 764-2453 
Fact>imik: {858} 430-4886 

By /Sml]eev K. _ Dhand/ 

Sanjc>:ev K, Dlwnd 
Attorney for Applican! 
Registration No, 5 l, l S2 
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Please find below and/or attached an Office communication concerning this application or proceeding. 
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Office Action Summary 

Application No. 

12/101,019 

Examiner 

ANH DO 

Applicant(s) 

LAINEMA, JANI 

Art Unit 

2624 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )0 Responsive to communication(s) filed on __ . 

2a)0 This action is FINAL. 2b)~ This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)~ Claim(s) 1-39 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)~ Claim(s) 1-39 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

1 O)~ The drawing(s) filed on 10 April 2008 is/are: a)~ accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) ~ Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) ~ Information Disclosure Statement(s) (PTO/SB/08) 
PaperNo(s)/Mail Date 10/17/08 7/29/10 3/10/11. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20110509 
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Application/Control Number: 12/101,019 

Art Unit: 2624 

DETAILED ACTION 

Claim Rejections - 35 USC§ 101 

1. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a patent 
therefor, subject to the conditions and requirements of this title. 

2. Claims 1-12, 22-29, and 39 are rejected under 35 U.S.C. 101 as not falling 

within one of the four statutory categories of invention. Supreme Court 

precedent 1 and recent Federal Circuit decisions2 indicate that a statutory 

"process" under 35 U.S.C. 101 must (1) be tied to another statutory category 

(such as a particular apparatus), or (2) transform underlying subject matter (such 

as an article or material) to a different state or thing. While the instant claim(s) 

recite a series of steps or acts to be performed, the claim(s) neither transform 

underlying subject matter nor positively tie to another statutory category that 

accomplishes the claimed method steps, and therefore do not qualify as a 

statutory process. For example, the steps of "calculating", "performing 

transform", "performing spatial", and "joining" in claim 1 are not tied to any 

particular machine/apparatus, therefore do not qualify as a statutory process. 

Similarly, claims 22 and 39 do not qualify as statutory processes. 

3. Claims 13-21 and 30-38 are rejected under 35 U.S.C. 101 because the 

claimed invention is directed to non-statutory subject matter as follows. Claims 

13-21 and 30-38 define a computer based structural organization embodying 

1 Diamondv. Diehr, 450 U.S. 175, 184 (1981); Parkerv. Flook, 437 U.S. 584,588 n.9 (1978); Gottschalk 
v. Benson, 409 U.S. 63, 70 (1972); Cochrane v. Deener, 94 U.S. 780, 787-88 (1876). 
2 In re Bilski, 88 USPQ2d 1385 (Fed. Cir. 2008). 

Page 2 
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Application/Control Number: 12/101,019 

Art Unit: 2624 

functional descriptive material. However, the claims do not define a computer 

readable medium or memory and is thus non-statutory for that reason (i.e., "when 

functional descriptive material is recorded on some computer-readable medium it 

becomes structurally and functionally interrelated to the medium and will be 

statutory in most cases since use of technology permits the function of the 

descriptive material to be realized" - Guidelines Annex IV). That is, the scope of 

the presently claimed a computer based structural organization can range from 

paper on which the program is written, to a program simply contemplated and 

memorized by a person. The Examiner suggests amending the claims to embody 

the program on "computer-readable medium" or equivalent in order to make the 

claim statutory. Any amendment to the claim should be commensurate with its 

corresponding disclosure. 

Claim Rejections - 35 USC § 112 

2. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

3. Claim 30 is rejected under 35 U.S.C. 112, second paragraph, as being 

indefinite for failing to particularly point out and distinctly claim the subject matter 

which applicant regards as the invention. 

4. Claim 30 recites the limitation "processes" in 2. There is insufficient 

antecedent basis for this limitation in the claim. Claim 19 recites an apparatus, 

not a process. 

Page 3 
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Application/Control Number: 12/101,019 

Art Unit: 2624 

Contact Information 

Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to ANH H. DO whose telephone number is 571-

272-7 433. The examiner can normally be reached on 5/4-9. 

If attempts to reach the examiner by telephone are unsuccessful, the 

examiner's supervisor, JASON M. REPKO can be reached on 571-272-8624. 

The fax phone number for the organization where this application or proceeding 

is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from 

the Patent Application Information Retrieval (PAIR) system. Status information 

for published applications may be obtained from either Private PAIR or Public 

PAIR. Status information for unpublished applications is available through 
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- Mexicano 
Institute I 

de ( . Propiedad ,_'.,., 
Industrial a L---=---' 

"2011, Ano def Turismo en Mexico" 

DIRECCION DIVISIONAL DE PATENTES 
SUBDIRECCION DIVISIONAL DE EXAMEN DE FONDO DE PATENTES AREAS MECANICA, 
ELECTRICA Y DE REGISTROS DE DISENOS INDUSTRIALES Y MODELO$ DE UTILIDAD 
COORDINACION DEPARTAMENTAL DE EXAMEN DE FONDO AREA ELECTRICA 
Expediente MX/a/2009/010921 de Palente PCT_ 

Requisito 1 Asunto: Se comunica el resultado del examen de fondo. 

Mexico, D.F., a 23 de marzo de 2011 

CATALINA LOZADA BROWN 
Apoderado de 

No. de Folio: 21897 

RECIBI ORIGINAL NOKIA CORPORATION 
lnsurgentes Sur 1722, Despacho 701 
Col. Florida 

Nombre: 
Fecha: 

01030, , Dislrito Federal Firma: 

REF: 

Como resultado del examen de fondo, realizado con fundamento en los artfculos 53 de la Ley de la Propiedad 
Industrial (LPI) y 42 del Reglamento de la Ley de la Propiedad Industrial (RLPI), se le comunica lo siguiente: 

El examen fue reallzado en base a las siguientes documentos de la solic[tud: 

Descripci6n: paginas 1 a la 25, coma originalmente fueron presentadas_ 

Reivindicaciones: No.1 a la 39 como originalmente fueron presentadas. 

Figuras: No_ 1 a la 9 coma originalmente fueron presentadas. 

1. Durante el proceso de busqueda practicado a la solicitud de patente se encontr6 el reporte preliminar 
de patentabilidad internacional PCT/IB2008/051351, correspondiente 1a la prioridad reclamada, No. de 
publicaci6n WO 2008/126019 AZ de fecha 23 de octubre de 2008 practicado par la Oficina Europea 
de Patentes (EPO), dande se citan dacumentas de categoria X y Y: 

• SANTIAGO P ET AL: "USING CONVEX SET TECHNIQUES COMBINED PIXEL AND 
FRECUENCY DOMAINCODING OF THE TIMENARYING IMAGES" IEEE JOURNAL ON 
SELECTED AREAS IN COMMUNICATIONS, IEEE SERVICE CENTER, PISCATAWAY, US, 
vol. SAC-05, no. 7, 1 August 1987 (1987-08-01), pages 1127-1139, XP001053635 ISSN: 
0733-8716. 

• SEGALL C A ET AL: "Pre- and post-processing algorithms for compressed video 
enhancement" SIGNALS, SYSTEMS AND COMPUTERS, 2000, CONFERENCE ON OCT, 29 
- NOV 1, 2000, PISCATAWAY, NJ, USA, IEEE, vol. 2, 29 October 2000 (2000-10-29), pages 
1369-1373, XP010535224 ISBN: 978-0-7803-6514-8. 

En cumplimiento a lo dispuesto par las artfculas 54, 55 y 179 de la LPl y 43 y 44 del RLPI, se debera 
presentar la traducci6n de las dacumentos citados que a su vez estan serialados en dicho reparte, 
debido a que afecta la novedad y actividad inventiva de la presente solicitud de patente. 

Se anexa capia del reparte. 

MX/2011/21697 
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Las aclaraciones o modificaciones realizadas ya sea en la descripci6n, en los dibujos y/o en las 
reivindicaciones, no deberan contener materia adicional con mayor alcance que la materia presentada 
originalmente en la solicitud y/o elementos que den soporte a reivindicaciones adicionales, de tal manera que se 
cumpla con lo establecido en el artfculo 55 BIS LPI. 

Asimismo debera efectuar el pago que establece la tarifa vigente y exhibir el comprobante correspondiente. 

Para que satisfaga estos requisitos, se le concede un plaza de dos meses contados a partir del dfa siguiente a 
la fecha en que se le notifique el presente oficio, apercibido que de no cumplir este requerimiento en el plaza 
sei'lalado se considerara abandonada su solicitud de patente de conformidad con lo dispuesto par las arts. 55 y 
58 de la Ley de la Propiedad Industrial. 

El presente oficio corresponde al primer requerimiento de examen de fondo, el cual se emite, ademas de lo 
fundamentado anteriormente, conforme al artfculo 13 del Acuerdo por el que se establecen Reglas y Criterios 
para la resoluci6n de diversos tramites ante el lnstituto Mexicano de la Propiedad industrial, publicado en el 
Diario Oficial de la Federaci6n el dia 9 de agosto de 2004. 

El suscrito firma el presente oficio con fundamento en las artfculos 6° fracciones Illy XI y 7° bis 2 de la Ley de la 
Propiedad Industrial (Diario Oficial de la Federaci6n (D.O.F.) 27/06/1991, reformada el 02/08/1994, 26/12/1997, 
17/05/1999, 26/01/2004, 16/06/2005 y 25/01/2006); articulos 1 °, 3° fracci6n V inciso a) sub inciso iii), 4° y 12° 
fracciones I, II, Ill, IV y VI del Reglamento del lnstituto Mexicano de la Propiedad Industrial (D.O.F. 14/12/1999, 
reformado el 01/07/2002, 15/07/2004, 28/07/2004 y 7/09/2007); artfculos 1°, 3°, 5° fracci6n V inciso a) sub inciso 
iii), 16 fracciones I, II, !II, IV y VI y 30 del Estatuto Organico del lnstituto Mexicano de la Propiedad Industrial 
(D.O.F. 27/12/1999, reformado el 10/10//2002, 29/07/2004, 04/08/2004 y 13/09/2007); 1°, 3° y 5° incisos e) e i) 
y penultimo parrafo del Acuerdo que delega facultades en las Directores Generales Adjuntos, Coordinador, 
Directores Divisionales, Titulares de las Oficinas Regionales, Subdirectores Divisionales, Coordinadores 
Departamentales y otros subalternos del lnstituto Mexicano de la Propiedad Industrial. (D. O.F. 15/12/1999, 
reformado el 04/02/2000, 29/ 7/2004, 04/08/2004 y 13/09/2007). 

ATENTAMENTE 
EL COORDINADOR DEPAR 

ING. HECTOR JAVIER SAN 

ABQ/DDP.6 2011.2 

MX/2011 /21897 Pag. 2 
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1.- During the prior art search conducted for the present application, it has been found the 
International Preliminary Report on Patent:ability [copy e.ndosed] for the PCT application 
PCT/IB2008/05135:J., that corresponds to the daimed priority, publication Number WO 
2008/1260:J.9 A2 dated October~ 2008 and catried out by the European Patent 
Office {EPO }, in the IPRP, there are cited dOa.Jments dassified as "X0 and "Y'; namely: 

D1 [X] SANTAGO PET AL: •uSING CONVEX SET TECHNIQUES FOR COMBINED 
PIXEL AND FREQUENCY DOMAIN CODING OF TIME-VARYING IMAGES" IEEE 
JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, IEEE SERVICE CENTER, 
P~TAWAY, US, vol. SAC-05, no. 7,- 1 August 1987 (1987-08-01), pages 1127-
1139, XP001053635 ISSN: 0733-8716. • 

D2 [A] SEGAU CA ET AL: "Pre- and post-processing algorithms for compressed 
video enhancement" SIGNALS, SYSTEMS AND COMPUTERS, 2000. CONFERENCE 
RECORD OF THE THIRTY- FOURTH ASILOMAR CONFERENCE ON OCT. 29 - NOV. 
1, 2000, PISCATAWAY, NJ, USA,IEEE, vol 2, 29 October 2000 (2000-10-29), 
pages 1369-1373, XP01053S224 ISBN: 97B-0-7B03-6S14-B. 

Therefore, according to articles S4, 55 and 179 of the Mexican Patent Law and Articles 43 
and 44 of its Regulations, applicant should file a Spanish translation of said documents 
cited in IPRP, since thev affect the novelty and the inventive step of the present patent 
apulication. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Lainema 

Title: SPATIALLY ENHANCED 
TRANSFORM CODING 

Appl. No.: 12/101,019 

Filing Date: 04/10/2008 

Examiner: Do, Anh Hong 

Art Unit: 2624 

Confirmation 7368 
Number: 

AMENDMENT AND REPLYUNDER37 C.F.R. § 1.111 

Mail Stop AMENDMENT 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

This communication is responsive to the non-final Office Action dated May 12, 2011, 

concerning the above-referenced patent application. 

Amendments to the Claims are reflected in the listing of claims which begins on 

page 2 of this document. 

Remarks/Arguments begin on page 9 of this document. 

Please amend the application as follows: 
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Atty. Dkt. No. 00002-5481 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the application: 

Listing of Claims: 

1. (Currently Amended) A method of encoding a prediction error signal for a 

block of data, comprising: 

calculating, by a processor, a difference signal representing differences 

between sample values of a predicted block of data and values for an original input block; 

performing, by a processor, transform coding to the difference signal, thereby 

creating a first representation of a first component of the difference signal; 

performing, by a processor, spatial coding to the difference signal, thereby 

creating a second representation of a first component of the difference signal; [[ and]] 

joining, by a processor, the first and second representations to form a coded 

prediction error signal; and 

at least one of transmitting or storing the coded prediction error signal. 

2. (Original) The method of claim 1, further comprising, before performing 

transform coding and spatial coding, substituting outlier values in the difference signal with 

non-outlier values to create a modified prediction error signal. 

3. (Original) The method of claim 2, wherein transform coding is applied to the 

modified prediction error signal and spatial coding is applied to a residual thereof. 

4. (Original) The method of claim 2, wherein spatial coding is applied to the 

modified prediction error signal and transform coding is applied to a residual thereof. 

5. ( Original) The method of claim 1, wherein, for transform coding, at least one 

transform coefficient is set to zero. 

-2-

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000204



Atty. Dkt. No. 00002-5481 

6. (Original) The method of claim 1, wherein, for spatial coding, at least one 

spatial sample is set to zero. 

7. (Original) The method of claim 2, wherein the non-outlier values used to 

replace the outlier values comprise an average of neighboring prediction error values. 

8. (Original) The method of claim 1, further comprising providing an indication 

that no transform coefficients exist in the block of data if appropriate. 

9. ( Original) The method of claim 1, further comprising providing an indication 

that no spatial samples exist in the block of data if appropriate. 

10. ( Original) The method of claim 1, wherein for the transform coding, a 

transform coefficient is formed, the transform coefficient comprising a weighting coefficient 

of a discrete transform basis vector. 

11. (Original) The method of claim 10, wherein the discrete transform comprises a 

discrete orthogonal transform. 

12. (Currently Amended) A computer program product, embodied in a non-

transitory computer-readable medium, comprising computer code configured to perform the 

implemeated the proeesses method of claim 1. 

13. (Original) An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to a controller and comprising: 

computer code for performing transform coding to the difference 

signal, thereby creating a first representation of a first component of the difference signal; 

-3-
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computer code for performing spatial coding to the difference signal, 

thereby creating a second representation of a first component of the difference signal; and 

computer code for joining the first and second representations. 

14. ( Original) The apparatus of claim 13, wherein the memory unit further 

comprises computer code for, before performing transform coding and spatial coding, 

substituting outlier values in the difference signal with non-outlier values to create a modified 

prediction error signal. 

15. (Original) The apparatus of claim 14, wherein transform coding is applied to 

the modified prediction error signal and spatial coding is applied to a residual thereof. 

16. (Original) The apparatus of claim 14, wherein spatial coding is applied to the 

modified prediction error signal and transform coding is applied to a residual thereof. 

17. (Original) The apparatus of claim 13, wherein, for transform coding, at least 

one transform coefficient is set to zero. 

18. ( Original) The apparatus of claim 13, wherein, for spatial coding, at least one 

spatial sample is set to zero. 

19. ( Original) The apparatus of claim 13, wherein the non-outlier values used to 

replace the outlier values comprise an average of neighboring prediction error values. 

20. (Original) The apparatus of claim 13, further comprising providing an 

indication that no transform coefficients exist in the block of data if appropriate. 

21. ( Original) The apparatus of claim 13, further comprising providing an 

indication that no spatial samples exist in the block of data if appropriate. 

-4-
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22. (Currently Amended) A method of decoding a prediction error signal for a 

block of data, comprising: 

receiving a coded prediction error signal, the coded prediction error signal 

including a plurality of transform coefficients and a plurality of spatial samples; 

decoding, by a processor, the plurality of transformed coefficients into 

decoded transform information; 

decoding, by a processor, the plurality of spatial samples into decoded spatial 

information; and 

adding, by a processor, the decoded transform information, the decoded spatial 

information, and a reconstructed prediction of the block of data, thereby forming a decoded 

representation of the block of data. 

23. (Original) The method of claim 22, wherein an indication is provided that no 

transform coefficients exist in the block of data if appropriate. 

24. (Original) The method of claim 22, wherein an indication is provided that that 

no spatial samples exist in the block of data if appropriate. 

25. (Original) The method of claim 22, wherein the decoding of the plurality of 

transformed coefficients and spatial samples includes dequantization of each, and wherein the 

dequantization of transformed coefficients and spatial samples are related to each other. 

26. (Original) The method of claim 22, wherein the decoding of the plurality of 

transformed coefficients and spatial samples includes dequantization of each, and wherein the 

dequantization of transformed coefficients and spatial samples are different from each other. 

27. (Original) The method of claim 22, wherein the decoding of the spatial 

samples is dependent upon the decoding of the transformed coefficients. 

-5-
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28. (Original) The method of claim 22, wherein the decoding of the transformed 

coefficients is dependent upon the decoding of the spatial samples. 

29. (Original) The method of claim 22, wherein at least some of the plurality of 

spatial samples are decoded as a single unit. 

30. (Currently Amended) A computer program product, embodied in a non-

transitory computer-readable medium, comprising computer code configured to perform the 

processes method of claim 19 claim 22. 

31. (Original) An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to the processor and including: 

computer code for processing a received coded prediction error signal, 

the coded prediction error signal including a plurality of transformed coefficients and a 

plurality of spatial samples; 

computer code for decoding the plurality of transformed coefficients 

into decoded transform information; 

computer code for decoding the plurality of spatial samples into 

decoded spatial information; and 

computer code for adding the decoded transform information, the 

decoded spatial information, and a reconstructed prediction of the block of data, thereby 

forming a decoded representation of the block of data. 

3 2. ( Original) The apparatus of claim 31, wherein an indication is provided that no 

transform coefficients exist in the block of data if appropriate. 

3 3. ( Original) The apparatus of claim 31, wherein an indication is provided that 

that no spatial samples exist in the block of data if appropriate. 
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Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000208



Atty. Dkt. No. 00002-5481 

34. (Original) The apparatus of claim 31, wherein the decoding of the plurality of 

transformed coefficients and spatial samples includes dequantization of each, and wherein the 

dequantization of transformed coefficients and spatial samples are related to each other. 

35. (Original) The apparatus of claim 31, wherein the decoding of the plurality of 

transformed coefficients and spatial samples includes dequantization of each, and wherein the 

dequantization of transformed coefficients and spatial samples are different from each other. 

3 6. ( Original) The apparatus of claim 31, wherein the decoding of the spatial 

samples is dependent upon the decoding of the transformed coefficients. 

3 7. ( Original) The apparatus of claim 31, wherein the decoding of the transformed 

coefficients is dependent upon the decoding of the spatial samples. 

3 8. ( Original) The apparatus of claim 31, wherein at least some of the plurality of 

spatial samples are decoded as a single unit. 

39. (Currently Amended) A method of encoding a prediction error signal for a 

block of data, comprising: 

calculating, by a processor, a difference signal representing differences 

between sample values of a predicted block of data and values for an original input block; 

substituting, by a processor, outlier values in the difference signal with non­

outlier values to create a modified prediction error signal; 

performing, by a processor, one of transform coding and spatial coding to the 

modified prediction error signal, creating one of a transform coded data and spatial coded 

data 

performing, by a processor, an inverse of the one of transform coding and 

spatial coding; 

-7-
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applying, by a processor, the other of transform coding and spatial coding to a 

residual from the inverse transform or spatial decoding, creating the other of transform coded 

data and spatial coded data; [[and]] 

joining, by a processor, the transform coded data and the spatial coded data to 

form a coded prediction error signal: and 

at least one of transmitting or storing the coded prediction error signal. 

-8-
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REMARKS 

Applicant respectfully requests reconsideration of the present application in view of 

the foregoing amendments and in view of the reasons that follow. 

Claims 1, 12, 22, 30 and 39 are currently being amended. 

This amendment adds, changes and/or deletes claims in this application. A detailed 

listing of all claims that are, or were, in the application, irrespective of whether the claim( s) 

remain under examination in the application, is presented, with an appropriate defined status 

identifier. 

After amending the claims as set forth above, claims 1-39 remain pending in this 

application. 

Claim Rejections under 35 U.S.C. § 101 

Claims 1-12, 22-29 and 39 were rejected under 35 U.S.C. § 101 as allegedly being 

directed to statutory subject matter. 

As to claim 1, Applicant has amended claim 1 to recite "at least one of transmitting or 

storing the coded prediction error signal." Support for this feature may be found in the 

originally filed specification and drawings at, for example, paragraph [0003]. Further, 

Applicant has amended claim 1 to clarify that the various steps are performed by a processor. 

Therefore, claim 1, as well as dependent claims 2-12, are now directed to statutory subject 

matter. 

As to claim 22, Applicant respectfully notes that claim 22 already recites "receiving a 

coded prediction error signal .... " Further, Applicant has amended claim 22 to clarify that 

the various steps are performed by a processor. Therefore, claim 22, as well as dependent 

claims 23-29, are directed to statutory subject matter. 

As to claim 39, Applicant has amended claim 39 to recite "at least one of transmitting 

or storing the coded prediction error signal." Support for this feature may be found in the 

-9-
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originally filed specification and drawings at, for example, paragraph [0003]. Further, 

Applicant has amended claim 39 to clarify that the various steps are performed by a 

processor. Therefore, claim 39 is now directed to statutory subject matter. 

Claims 13-21 and 30-38 were rejected under 35 U.S.C. § 101 as allegedly being 

directed to statutory subject matter. Applicant respectfully traverses this rejection for at least 

the following reasons. 

The Examiner argues that the claims to no define a computer readable medium or 

memory and suggests "amending the claims to embody the program on 'computer-readable 

medium.' " Office Action dated May 12, 2011, page 3. 

As to claims 13 and 31, Applicant respectfully notes that claims 13 and 31 each recite 

"a memory unit ... including" computer code. Thus, these claims already recite a computer 

readable medium ("memory unit"). Accordingly, claims 13 and 31, as well as dependent 

claims 14-21 and 3 2-3 8, are directed to statutory subject matter. 

As to claim 30, Applicant has amended the claim to recite that the computer program 

product is "embodied on a non-transitory computer-readable medium." 

Accordingly, the rejections under 35 U.S.C. § 101 should be withdrawn. 

Claim Rejection under 35 U.S.C. § 112 

Claim 30 was rejected under 35 U.S.C. § 112, second paragraph, as allegedly being 

indefinite. Applicant has amended claim 30 to correct the language objected to by the 

Examiner. The claim is now in definite form, and the rejection under 35 U.S.C. § 112 should 

be withdrawn. 

Conclusion 

Applicant believes that the present application is now in condition for allowance. 

Favorable reconsideration of the application as amended is respectfully requested. 

-10-
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The Examiner is invited to contact the undersigned by telephone if it is felt that a 

telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 

required regarding this application under 3 7 C.F .R. § § 1.16-1.17, or credit any overpayment, 

to Deposit Account No. 50-5302. Should no proper payment be enclosed herewith, as by the 

credit card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected 

or incorrect credit card transaction, the Commissioner is authorized to charge the unpaid 

amount to Deposit Account No. 50-5302. If any extensions of time are needed for timely 

acceptance of papers submitted herewith, Applicant hereby petitions for such extension under 

3 7 C.F .R. § 1.13 6 and authorizes payment of any such extensions fees to Deposit Account No. 

50-5302. 

Respectfully submitted, 

Date -----"A-=-u=gu=s-'-t-=-1=1,'-"2"-'0'-=1'""1 _____ _ By --~/S=a=n~je=e~v~K=-·=D~h=a=n=d/ _____ _ 

ALBERTDHAND LLP Sanjeev K. Dhand 
Customer Number: 12268 Attorney for Applicant 
Telephone: (858) 764-2453 Registration No. 51,182 
Facsimile: (858) 430-4886 
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The Patent Office of the People's Republic of China 

Address: No. 6 XITUCHENG ROAD, JIMEN BRIDGE, HAIDIAN DISTRICT, BEIJING Post Code: I 00088 

Applicant: NOKIA CORPORATION ISSUING DATE: 

Agent: Xun FENG Date:18 Month:05 Year:2011 

Application No.: 200880017526.3 

Title: SPATIALLY ENHANCED TRANSFORM CODING 

THE FIRST OFFICE ACTION 

(PCT Application Entering the Chinese National Phase) 

I. 181 According to Article 35 Paragraph I of the Patent Law, the examiner conducted a substantive examination to the 

above-mentioned patent application upon the applicant's request. 

D According to Article 35 paragraph 2 of the Patent Law, Chinese Patent Office decided on its own initiative to conduct a 

substantive examination to the above-mentioned patent application. 

2. 181 The applicant requested to take • 

April 12, 2007 on which an application is filed with the.--'U""S"'---_ __,patent office as the priority date. 

______ o.n which an application is filed with the patent office as the priority date. 

______ on which an application is filed with the. __ _,patent office as the priority date. 

3. D The amended document(s) submitted on Year __ Month __ Day __ is/are not in conformity with Rule 51 of the Implementing 

Regulations. 

4. D The examination has been conducted based on the Chinese translation of the international application text as originally filed. 

[El The examination has been conducted based on the following text(s): 

Claims 1-58 filed under Rule 28/41 of PCT; 

Paragraphs 1-46, accompanying drawings, abstract, and abridged figure filed on November 25, 2009. 

5. 181 The following reference document(s) is/are cited (the reference numeral(s) thereof will be used in the examination 

procedure thereafter) 

No. Reference No. or Title Publishing Date 

(or filing date of conflicting application) 

I USING CONVEX SET TECHNIQUES FOR COMBINED 

PIXEL AND FREQUENCY DOMAINCODING OF 

TIME-VARYING IMAGES; August I, 1987, «IEEE 
August I, 1987 

JOURNAL ON SELECTED AREAS IN 

COMMUNICATIONS, IEEE SERVICE CENTER, 

PISCATAWAY, us», VOL. 5, NO. 7, PAGES 1129-1132 

2 

3 

6. Concluding comments 

D on the specification: 

D The inventions belong to unpatentable subject matter as prescribed by Artiqle 5 of the Patent Law. 

D The specification is not in conformity with the provision of Article 26, paragraph 3 of the Patent Law. 

D The writing of the specification is not in conformity with the provision of Article 33 of the Patent Law. 

D The writing of the specification is not in conformity with the provision of Rule 17 of the Implementing Regulations. 
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[8J on the claims: 

D Claim(s). ________ do(es) not comply with the provision of Article 2 paragraph 2 of the Patent Law. 

D Claim(s). _______ do(es) not comply with the provision of Article 9 paragraph 1 of the Patent Law. 

rZl Claim(s) 1 22 40 51 do(es) not possess novelty as requested by Article 22 paragraph 2 of the Patent Law. 

[8J Claim(s) 2-11, 23-26. 41-50, 52-55 do(es) not possess inventiveness as requested by Article 22 paragraph 3 of the Patent 

Law. 

□ Claim(s) ______ do(es) not possess practical applicability as requested by Article 22 paragraph 4 of the Patent Law. 

l8I Claim(s) 12 30 • belong(s) to non-patentable subject matter as prescribed by Article 25 of the Patent law. 

[8J 

□ 

□ 

□ 

□ 

□ 

□ 

13-14, 27-29, 31, 36-39, 56-58 do(es) not comply with the provision of Article 26 paragraph 4 of the Patent Law. 

________ do(es) not comply with the provision of Article 31 paragraph 1 of the Patent Law. 

________ d.o(es) not comply with the provision of Article 33 of the Patent Law. 

Claim(s) 

Claim(s) 

Claim(s) 

________ do(es) not comply with provision ofRule 19 of the Implementing Regulations. 

________ do(es) not comply with the provision of Rule 20 of the Implementing Regulations. 

_______ do(es) not comply with the provision of Rule 21 of the Implementing Regulations. 

Claim(s) 

Claim(s) 

Claim(s) 

Claim(s) . ________ do(es) not comply with the provision of Rule 22 of the Implementing Regulations. 

D Application do(es) not comply with the provision of Article 26 paragraph 5 of the Patent Law or Rule 26 of the Implementing 

Regulations. 

D Application do(es) not comply with the provision of Article 20 paragraph 1 of the Patent Law .. 

D Divisional application do(es) not comply with the provision of Rule 43 paragraph I of the Implementing Regulations. 

The detailed analysis for the above concluding comments is presented on the text of this Office Action. 

7. Based on the above concluding comments, the examiner is of the opinion that 

D The applicant should amend the application document(s) in accordance with the requirement as specified in the Office Action. 

[8J The applicant should, in his observation, expound the patentability of the application, and amend the defects pointed out in the 

Office Action; or the application can hardly be approved. 

D The examiner deems that the application lacks substantive features to make it patentable. Therefore, the application will be 

rejected ifno convincing reasons are provided to prove its patentability. 

□ 

8. The applicant should pay attention to the following matters; 

(I) According to Article 37 of the Patent Law, the applicant is required to submit his observations within ~ 

months upon receipt of this Office Action. If the time limit for making response is not met without any justified reason, the 

application will be deemed to have been withdrawn. 

(2) The amendment(s) made by the applicant must meet the requir~ments of Article 33 of the Patent Law. The amended text 

should be in duplicate, its format should conform to the related confinement in the Guidelines for Patent Examination. 

(3) The observation and/of the amended document(s) must be mailed or delivered to the Receiving Section of the Chinese Patent 

Office. No legal effect shall apply for any document(s) that are not mailed to or reached the Receiving Section. 

( 4) The applicant and/or the agent should not go to the Chinese Patent Office to interview the examiner without being invited. 

9. The text of this Office Action contains_4_page(s), and has the following attachment(s): 

... O..._ ____ .copies of the cited references, all together ___ pages. 

2 
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Application No.2008800175263 

Text of the First Office Action 

(PCT application in Chinese national phase) 

The present application relates to spatially enhanced transform coding. 

Upon examination, comments are hereby presented as follows: 

1 . Claim 1 lacks novelty under Article 22.2 of the Chinese Patent Law. 

Claim 1 recites a method of encoding a prediction error signal for a block of 

data. D1 also discloses a method of encoding a prediction error signal and 

specifically reveals the following technical features (see page 1129, right column, 

line 53-page 1131, left column, line 25; page 1132, right column, lines 50-57 of 

the description and Fig.5): the method comprises the following steps: calculating 

a frame difference ( corresponding to "calculating a difference signal representing 

differences between sample values of a predicted block of data and values for 

an original input block"); performing transform coding to the difference signal by 

means of a transform module in Fig.5 to obtain a transform coded value 

( corresponding to "a first representation of a first component of the difference 

signal"); performing, through a mask coder in Fig.5, coding to the mask which is 

a value indicating whether a pixel value changes in two adjacent frames 

( corresponding to "performing spatial coding to the difference signal") to obtain a 

mask coded value (corresponding to "a second representation of a first 

component of the difference signal"); joining the transform coded value and the 

mask coded value through a POCS module shown in Fig.5 (corresponding to 

"joining the first and second representations"). The only difference between the 

technical solution as claimed in Claim 1 and the contents disclosed in D1 resides 

in the slight difference. in literal expression, and the two technical solutions are 

substantively the same, fall into the same technical field, solve the same 

technical problem and produce the same technical effect. Therefore, the 

technical solution recited in Claim 1 lacks novelty. 

2. Claims 2-4 and 7 lack an inventive step under Article 22.3 of the Chinese 

Patent Law. 

It is commonly-used technical means for those skilled in the art to substitute 

outlier values with non-outlier values to ensure the coding accuracy upon coding 

the prediction error signal, the non-outlier values being an average of 

1/6 EIF090968P 
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neighboring prediction error values, and to respectively apply transform coding 

or spatial coding to the modified prediction error signal or a residual thereof. 

Therefore, it is obvious for those skilled in the art to obtain the claimed technical 

solutions of Claims 2-4 and 7 on the basis of 01 in conjunction with the common 

knowledge in the art. Accordingly, the technical solutions recited in said claims 

neither have any prominent substantive features nor represent any notable 

progress and hence lack an inventive step. 

3. Claims 5-6 and 8-9 lack an inventive step under Article 22.3 of the 

Chinese Patent Law. 

Upon performing transform coding and spatial coding, it is common for those 

skilled in the art and common general knowledge in the art to set at least one 

transform coefficient or at least one spatial sample to be zero in order to improve 

the coding performance; upon performing coding to image blocks, it is common 

technical means for those skilled in the art to provide an indication that no 

transform coefficients or no spatial samples exist in the specific image areas. 

Therefore, it is obvious for those skilled in the art to obtain the claimed technical 

solutions of Claims 5-6 and 8-9 on the basis of D1 in conjunction with the 

common knowledge in the art. Accordingly, the technical solutions recited in 

said claims neither have any prominent substantive features nor represent any 

notable progress and hence lack an inventive step. 

4. Claims 10-11 lack an inventive ·step under Article 22.3 of the Chinese 

Patent Law. 

D1 already discloses for the transform coding, a transform coefficient is 

formed (see page 1130, right column, line 37-page 1131, left column, line 4 of the 

description of 01 ). It is common knowledge for those skilled in the art that the 

transform coefficient comprises a weighting coefficient of a discrete transform 

basis vector, and the discrete transform comprises a discrete orthogonal 

transform. Therefore, it is obvious for those skilled in the art to obtain the 

claimed technical solutions of Claims 10-11 on the basis of D1 in conjunction 

with the common knowledge in the art. Accordingly, the technical solutions 

recited in said claims neither have any prominent substantive features nor 

represent any notable progress and hence lack an inventive step. 

5. Claims 12 and 30 recite a computer program product. However, a 

computer program belongs to rules and methods for metal activities and falls 

2/6 EIF090968P 
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within the scope of rules and methods for mental activities as set forth in Article 

25.1 (2) of the Chinese Patent Law and does not belong to subject matter as 

protected in the Chinese Patent Law. Hence, said claims cannot be granted a 

patent right. 

6. Claims 13-14 fail to meet the requirement of Article 26.4 of the Chinese 

Patent Law. 

Claims 13-14 recite an apparatus for encoding data, comprising a memory 

unit defined by a computer code. The contents limited by the computer code 

are neither structural features nor method features. Hence, the protection 

scope of said claims is unclear, and said claims do not clearly indicate what 

structure the recited apparatus for encoding data has. Hence, said claims fail 

to meet the requirement of Article 26.4 of the Chinese Patent Law. 

For the same reasons, Claim 31 also fails to meet the requirement of Article 

26.4 of the Chinese Patent Law. 

Applicant is reminded herein that if Applicant wants to protect the computer 

program flow in the form of a product, he shall draft it in a manner as set out in 

Patent Examination Guidelines, Part II, Chapter 9, Section 5.2. 

7. Claim 22 lacks novelty under Article 22.2 of the Chinese Patent Law. 

Claim 22 recites a method of decoding a prediction error signal for a block of 

data. D1 also discloses a method of encoding a prediction error signal and 

specifically reveals the following technical features (see page 1129, right column, 

line 53-page 1131, left column, line 25; page 1132, right column, lines 50-57 of 

the description and Fig .5): the method comprises the following steps: calculating 

a frame difference (corresponding to "calculating a difference signal representing 

differences between sample values of a predicted block of data and values for 

an original input block"); performing transform coding to the difference signal by 

means of a transform module in Fig .5 to obtain a transform coded value 

( corresponding to "a first representation of a first component of the difference 

signal"); performing, through a mask coder in Fig.5, coding to the mask which is 

a value indicating whether a pixel value changes in two adjacent frames 

(corresponding to "performing spatial coding to the difference signal") to obtain a 

mask coded value ( corresponding to "a second representation of a first 

component of the difference signal"); joining the transform coded value and the 

mask coded value through a POCS module shown in Fig.5 ( corresponding to 
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"joining the first and second representations"). In order to perform decoding 

with respect to the coding method disclosed in D1, it is necessary to first receive 

a coded prediction error signal, the coded prediction error signal including a 

plurality of transform coefficients and a plurality of spatial samples, decode the 

plurality of transformed coefficients and the plurality of spatial samples, and add 

the decoded transform information, the decoded spatial information, and a 

reconstructed prediction of the block of data, thereby forming a decoded 

representation of the block of data. Therefore, the technical features of Claim 

22 have already been implicitly disclosed in D1. The only difference between 

the technical solution as claimed in Claim 22 and the contents disclosed in D1 

resides in the slight difference in literal expression, and the two technical 

solutions are substantively the same, fall into the same technical field, solve the 

same technical problem and produce the same technical effect. Therefore, the 

technical solution recited in Claim 22 lacks novelty. 

8. Claims 23-26 lack an inventive step under Article 22.3 of the Chinese 

Patent Law. 

Upon performing decoding to image blocks, it is common technical means 

for those skilled in the art to provide an indication that no transform coefficients 

or no spatial samples exist in the specific image areas. Besides, dequantizing 

a plurality of transformed coefficients and spatial samples is common processing 

during decoding for those skilled in the art. .It is common knowledge in the art 

that the dequantization of transformed coefficients and spatial samples are either 

related to each other or different from each other. Therefore, it is obvious for 

those skilled in the art to obtain the claimed technical solutions of Claims 23-26 

on the basis of D1 in conjunction with the common knowledge in the art. 

Accordingly, the technical solutions recited in said claims neither have any 

prominent substantive features nor represent any notable progress and hence 

lack an inventive step. 

9. Claims 27-29 are not supported by the description and fail to comply with 

Article 26.4 of the Chinese Patent Law. 

The additional technical features of Claims 27-29 are not disclosed in the 

description. The description does not disclose the mutual dependence 

between the decoding of the spatial samples and the decoding of the 

transformed coefficients, nor discloses at least some of the plurality of spatial 
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samples are decoded as a single unit. Furthermore, those skilled in the art 

cannot obtain or summarize to get the technical solution from the contents 

sufficiently disclosed in the description. Hence, Claims 27-29 are not supported 

by the description and fail to comply with Article 26.4 of the Chinese Patent Law. 

For the same reason, Claims 36-38 and 56-58 are not supported by the 

description and fail to comply with Article 26.4 of the Chinese Patent Law. 

10. Claim 39 fails to meet the requirement of Article 26.4 of the Chinese 

Patent Law. 

Claim 39 recites inter alia "performing one of transform coding and spatial 

coding to the modified prediction error signal, creating one of a transform coded 

data and spatial coded data; performing an inverse of the one of transform 

coding and spatial coding". The foregoing recitation includes only performing 

transform coding, then only performing an inverse of spatial coding. It is 

obviously impossible to perform an inverse of spatial coding without performing 

spatial coding. Therefore, the foregoing recitation is unclear in logic. Besides, 

Claim 39 recites inter alia "applying the other of transform coding and spatial 

coding to a residual from the inverse transform or spatial decoding, creating the 

other of transform coded data and spatial coded data". Those skilled in the art 

are not clear about what is specifically referred to by "the other of transform 

coding and spatial coding" and "the other of transform coded data and spatial 

coded data". The unclarity renders the protection scope of said claim unclear. 

Applicant shall make amendments thereto and meanwhile note that any 

amendment may not go beyond the scope of the original application documents. 

11. Claim 40 lacks novelty under Article 22.2 of the Chinese Patent Law. 

Claim 40 is an apparatus claim corresponding to the method Claim 1, and 

the technical features of Claim 40 correspond to those of Claim 1. For the 

reasons as stated in Claim 1, Claim 40 lacks novelty under Article 22.2 of the 

Chinese Patent Law. 

12. Claims 41-50 lack an inventive step under Article 22.3 of the Chinese 

Patent Law. 

The additional technical features of dependent Claims 41-50 further limiting 

"an apparatus for encoding a prediction error signal for a block of data" 

correspond to the additional technical features of dependent Claims 2-11 further 

defining "a method of encoding a prediction error signal for a block of data". For 
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the reasons as in the comments on Claims 2-11, Claims 41-50 lack an inventive 

step. 

13. Claim 51 lacks novelty under Article 22.2 of the Chinese Patent Law. 

Claim 51 is an apparatus claim corresponding to the method Claim 22, and 

the technical features of Claim 51 correspond to those of Claim 22. For the 

reasons as stated in Claim 22, Claim 51 lacks novelty under Article 22.2 of the 

Chinese Patent Law. 

14. Claims 52-55 lack an inventive step under Article 22.3 of the Chinese 

Patent Law. 

The additional technical features of dependent Claims 52-55 further limiting 

"an apparatus for decoding a prediction error signal for a block of data" 

correspond to the additional technical features of dependent Claims 23-26 

further defining "a method of decoding a prediction error signal for a block of 

data". For the reasons as in the comments on Claims 23-26, Claims 52-55 lack 

an inventive step. 

Applicant should make a response to all the problems specified in the Office 

Action herein within the prescribed time period for response and amend the 

application documents if necessary; otherwise, the present application is unlikely 

to be approved. Any amendments to the application documents should comply 

with Article 33 of the Chinese Patent Law and may not exceed the scope of 

disclosure contained in the original description and claims. 

The amended documents to be submitted by Applicant should include: a 

copy of the parts of the original to which amendments are made and on which 

pertinent addition, deletion and substitution are marked with red pen; a copy of 

printed replacement sheets for substituting the corresponding parts of the 

original. Applicant should ensure the foregoing two parts in conformity with 

each other in content. 
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is 700 day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be 700 day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 
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(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 
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programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
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publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 1-39. 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 1:8] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date See Continuation Sheet 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/ANH H DO/ 
Primary Examiner, Art Unit 2624 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. 1:8] Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20110912 
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Application/Control Number: 12/101,019 

Art Unit: 2624 

DETAILED ACTION 

Response to Arguments 

Page 2 

1. Applicant's arguments, see Remarks (pages 9 and 10), filed 8/11/2011, with 

respect to claims 1-39 have been fully considered and are persuasive. The rejection of 

claims 1-39 has been withdrawn. 

Allowable Subject Matter 

2. Claims 1-39 are allowed. 

3. The following is an examiner's statement of reasons for allowance: 

* The rejected claims have been amended to overcome the rejection under 35 

U.S.C. 101 and 112, second paragraph; 

* The present invention provides a new method and system for coding and 

decoding digital video material, so as to allow for the utilization of selected transform 

basis functions that give good overall representation of the image block with minimum 

amount of transform coefficients (specification, page 4, paragraph [0011 ]). 

Particularly, the new method and system comprise the following features, which 

the prior art taken either singly or in combination does not teach: 

- joining, by a processor, the first and second representations to form a coded 

prediction error signal (see independent claims 1 and 13); 

- adding, by a processor, the decoded transform information, ... of the block of 

data (see independent claims 22 and 31 ); 

- joining, by a processor, the transform coded data and the spatial coded data to 

form a coded prediction error signal (see independent claim 39). 
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Application/Control Number: 12/101,019 

Art Unit: 2624 

Page 3 

Any comments considered necessary by applicant must be submitted no later 

than the payment of the issue fee and, to avoid processing delays, should preferably 

accompany the issue fee. Such submissions should be clearly labeled "Comments on 

Statement of Reasons for Allowance." 

Contact Information 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to ANH H. DO whose telephone number is 571-272-7433. 

The examiner can normally be reached on 5/4-9. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, JASON M. REPKO can be reached on 571-272-8624. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). 

September 12, 2011 

/ANH H DO/ 
Primary Examiner, Art Unit 2624 
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Electronic Patent Application Fee Transmittal 

Application Number: 12101019 

Filing Date: 10-Apr-2008 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Filer: Glenn Peter Albert Jr./Marisol Moretto 

Attorney Docket Number: 00002-5481 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1740 1740 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USD ($) 2040 
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Electronic Acknowledgement Receipt 

EFSID: 11340179 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 12268 

Filer: Glenn Peter Albert Jr./Marisol Moretto 

Filer Authorized By: Glenn Peter Albert Jr. 

Attorney Docket Number: 00002-5481 

Receipt Date: 04-NOV-2011 

Filing Date: 10-APR-2008 

Time Stamp: 19:04:58 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $2040 

RAM confirmation Number 16030 

Deposit Account 505302 

Authorized User ALBERT,G PETER 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

00002-5481- 1339193 

1 Issue Fee Payment (PTO-85B) lssueFeeTransmittalPTOL-85-04 no 1 
NOV2011.pdf 4f7 c708a73ef844fa4c5fcd0d216e9e9bc1 de 

759 

Warnings: 

Information: 

31783 

2 Fee Worksheet (SB06) fee-info.pdf no 2 
96df9e924e264d7c187427a7 cl bb9667dc4 

07fd7 

Warnings: 

Information: 

Total Files Size (in bytes) 1370976 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. 

12/101,019 

12268 7590 

AlbertDhand LLP 
11622 El Camino Real 
Suite 100 
San Diego, CA 92130 

ISSUE DATE PATENT NO. 

12/13/2011 8077991 

11/22/2011 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

00002-5481 7368 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is 915 day(s). Any patent to issue from the above-identified application will 
include an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Jani Laine ma, Tampere, FINLAND; 

IR103 (Rev. 10/09) 
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Attorney's Docket No. 042933/412757 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re: Jani Lainema Group Art Unit: 2624 
Appl. No.: 12/101,019 Confirmation No. 7368 
Filed: April 10, 2008 Examiner: Anh Hong Do 
For: SPATIALLY ENHANCED TRANSFORM CODING 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

REVOCATION OF POWER OF ATTORNEY 
AND NEW POWER OF ATTORNEY BY ASSIGNEE 
AND CHANGE OF CORRESPONDENCE ADDRESS 

PATENT 

NOKIA CORPORATION, the Assignee of record hereby revokes all powers of attorney 

previously granted with respect to the above-identified patent application, and appoints the 

practitioners associated with the Customer Number provided below to prosecute this application 

and to transact all business in the Patent and Trademark Office connected therewith, and 

directs that all correspondence be addressed to that Customer Number: 

Customer Number 10949 

with full power of substitution and revocation to transact all business in the Patent and 

Trademark Office in connection therewith. 

Please direct telephone calls to the attention of: 

Guy R. Gosnell 
Registration No. 34,610 
Tel Charlotte Office (704) 444-1000 
Fax Charlotte Office (704) 444-1111 

NOKIA CORPORATION, the assignee of record, hereby elects under 37 C.F.R. § 3.71 

to prosecute this patent application and certifies that it is the assignee of the entire right, title, 

and interest in the patent application identified above by virtue of the§ 3.73(b) information 

cited below: 

Assignment from the inventor(s) of the patent application identified above. 
The assignment was recorded in the United States Patent and Trademark Office 
at Reel 021174, Frame 0553. 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000259



Revocation and New Power of Attorney 
By Nokia Corporation ' 
Page2 

C8JAs required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from 
the original owner to the assignee was, or concurrently is being, submitted for recordation 
pursuant to 37 CFR 3.11. 

The undersigned (whose title is supplied below) is empowered to sign this certificate on behalf 
of the Assignee. 

Assignee of Record: 

NOKIA CORPORATIOb 

By: ~,e.._,.. \) -~-

Print Name: Kan· fl,fr.:rnv, 

Title: Dfrecfo~ J'o{.fw,tfr~ '/}db11'°rlt:f 
v 

CUSTOMER NO. 10949 
ALSTON & BIRD LLP 
Bank of America Plaza 

Date: 2.3 . Nbv JJJII 

101 South Tryon Street, Suite 4000 
Charlotte, NC 28280-4000 
Tel Charlotte Office (704) 444-1000 
Fax Charlotte Office (704) 444-1111 

LEGAL02J32986224v I 
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Electronic Acknowledgement Receipt 

EFSID: 11525355 

Application Number: 12101019 

International Application Number: 

Confirmation Number: 7368 

Title of Invention: SPATIALLY ENHANCED TRANSFORM CODING 

First Named Inventor/Applicant Name: Jani Lainema 

Customer Number: 12268 

Filer: Robert Flynt Strean/LARIEKO WELCH 

Filer Authorized By: Robert Flynt Strean 

Attorney Docket Number: 00002-5481 

Receipt Date: 01-DEC-2011 

Filing Date: 10-APR-2008 

Time Stamp: 17:18:08 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

90358 

1 Power of Attorney 412757 _POA.pdf no 2 
e 75f5a5423a630f31484bd465601 c281 0d2 

34c3 

Warnings: 

Information: 
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Total Files Size (in bytes) 90358 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER FILING OR 3 71 (C) DATE 

12/101,019 04/10/2008 

10949 
Nokia Corporation and Alston & Bird LLP 
c/o Alston & Bird LLP 
Bank of America Plaza, 101 South Tryon Street 
Suite 4000 
Charlotte, NC 28280-4000 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jani Lainema 042933/412757 
CONFIRMATION NO. 7368 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!1]!~1!~1!~11 IIIH~ !H] 11111111111111111111111 

Date Mailed: 12/13/2011 

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/01/2011. 

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the 
above address as provided by 37 CFR 1.33. 

/sibrahim/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 

page 1 of 1 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NUMBER 

12/101,019 

12268 
AlbertDhand LLP 
11622 El Camino Real 
Suite 100 
San Diego, CA 92130 

FILING OR 3 71 (C) DATE 

04/10/2008 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

Jani Lainema 00002-5481 
CONFIRMATION NO. 7368 

POWER OF ATTORNEY NOTICE 

111111111111111111111111]~!1]!~1!~1!~11 IIIH~ !H] 111111111111111 IIII IIII 

Date Mailed: 12/13/2011 

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY 

This is in response to the Power of Attorney filed 12/01/2011. 

• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33). 

/sibrahim/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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