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ABSTRACT 

A system and method for improving prediction error coding perfo1mance 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 

transfo1m and are coded separately as a spatially coded pixel prediction, thereby 

improving the coding gain of the transform. 
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SPATIALLY ENHANCED TRANSFORM CODING 

FIELD OF THE INVENTION 

10001] 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 

10002) 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 othenvise 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. 

10003) 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 fonn, i.e., at a lower bitrate. 

10004) 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 

accomplished by transfonning the difference in pixel values using a specified 

transform (e.g., a Discreet Cosine Transfonn (OCT) or a variant thereof), quantizing 
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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 fom1 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. 

roo06] 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 '),. to tie together the exact or 

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: 

(l) 
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[0008) In Eq. (I), C is the Lagrangian cost to be minimized, 0 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 OCT-based linear transform, quantization of 

the transformed OCT 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 (AVC) 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 OCT transform in order to reduce spatial redundancies in the signal. 

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 
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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 si6rnal 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 transfom1 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 infonnation. The 

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 modem video and image codecs. Although 
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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 ORA WINGS 

[0016] FIG. 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; 

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

with one embodiment of the present invention; 

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

in an embodiment of the present invention; 

(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; 
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(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 VARIO US 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 previous} y. 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). 

(00261 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 

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 rrom Figure I are summed to the prediction error signal 

(].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 
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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 3 I 6 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 

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. 

(00291 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 
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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 l 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 [ l 1 I 1]. The difference between the original outlier sample ([3]) and the 

transform coded outlier value ([I]) is then spatial coded, making the spatial coded 

signal [O O 2 OJ. The entropy coded representations of the transform coded and spatial 

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

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

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

[0031] \Vhen 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 
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any transform employing basis functions, and the basis functions do not necessarily 

need to be orthogonal. 

10032) 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. 

10033) 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. 

l 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. 

10035) In addition to the above, it can be indicated that there are no transform 

coet1icients 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. TI1e method can be used to code and 

decode other information instead or in addition to the prediction error signals. The 
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codec can limit the usage of either transform coefficients (e.g., allow only low 

frequency transforn1 coefficients to be present in the coded representation of the 

sif,rnal) 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. 

(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 Bluctooth personal area 

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

The system 1 O may include both wired and wireless communication devices. 
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10039] For exemplification, the system 10 shown in Figure 7 includes a mobile 

telephone network l l 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 IO 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 (TOMA), 

Frequency Division Multiple Access (FDMA), Transmission Control 

Protocol/Internet Protocol (TCP/IP), Short Messaging Service (SMS), Multimedia 

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 
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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. 

10043] 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. 

10044] 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 

used herein and in the following claims, is intended to encompass implementations 

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

equipment for receiving manual inputs. 

10045] 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 
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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 pradical 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. 

-13-

DLMR_ 485490.1 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1008, Page 000014



037145-7827 (NC60080WO) 

WHAT IS CLAIMED IS: 

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

2 comprising: 

J 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 

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

g joining the first and second representations. 

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

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

J si61J1al 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 I, wherein, for transform coding, at least one 

2 transform coefficient is set to zero. 

6. The method of claim I, 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 I, further comprising providing an indication that 

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

I 0. TI1e method of claim I, 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 I 0, 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 I . 

2 

3 

13. 

4 comprising: 

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to a controller and 

s 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; 

a computer code for performing spatial coding to the di fferencc 

s 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 transfonn coding and spatial coding, 

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

4 modified prediction error signal. 

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. 
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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 comprising: 

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; 

s decoding the plurality of transformed coefficients into decoded 

6 transform information; 

1 decoding the plurality of spatial samples into decoded spatial 

a information; and 

g 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. 

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

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

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to the processor and 

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; 

a computer code for decoding the plurality of transformed 

g coefficients into decoded transform information; 
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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. 

33. 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 dcquantization 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. 

37. The apparatus of claim 31, wherein the decoding of the transformed 

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

38. 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 comprising: 

3 calculating a difference signal representing differences between sample 

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

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

s 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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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 

accomplished by transforming the difference in pixel values using a specified 

transform (e.g., a Discreet Cosine Transform (DCT) or a variant thereof), quantizing 
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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'), to tie together the exact or 

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: 

(1) 
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l0008] In Eq. (1), C is the Lagrangian cost to be minimized, 0 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 OCT-based linear transform, quantization of 

the transformed OCT 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). 

fOOlO] 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 (AVC) 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 OCT transform in order to reduce spatial redundancies in the signal. 

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 
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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 

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 modem video and image codecs. Although 
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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 ORA WINGS 

(0016] FIG. l 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 

l 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; 

(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; 
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[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 

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 
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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 3 06 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 

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 
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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 

signal [O O 2 OJ. 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 OJ (together with the prediction samples of the image block). 

[0031] \Vhen 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 
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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. 

[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 
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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 tum 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. 

[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 Bluctooth 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. 
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[0039) For exemplification, the system 10 shown 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 

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 
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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 

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 
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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 comprising: 

3 calculating a difference signal representing differences between sample 

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

s 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 

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

9 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 transfonn 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; 

s 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. 

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. 
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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; 

s decoding the plurality of transformed coefficients into decoded 

6 transform information; 

7 decoding the plurality of spatial samples into decoded spatial 

s information; and 

g 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. 

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

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

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to the processor and 

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; 

s computer code for decoding the plurality of transformed 

g coefficients into decoded transform information; 
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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. 

33. 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 dcquantization 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. 

37. The apparatus of claim 31, wherein the decoding of the transformed 

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

38. 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 comprising: 

3 calculating a difference signal representing differences between sample 

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

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

g 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 transfonn coded 

13 data and spatial coded data; and 

14 joining the transform coded data and the spatial coded data. 
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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 
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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 
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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, 0 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 OCT-based linear transform, quantization of 

the transformed OCT 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 (AVC) 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. 
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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 
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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 modem 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] FIG. I 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 

I 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; 
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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 I shows an example of 

basis functions of a one-dimensional linear transform that can be used to encode 

-6-
DLMR_306884.1 

Copy provided by USPTO from the IFW Image Database on 04/11/2008 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1008, Page 000074



Atty. Dkt. No.: 037145-7825 
(NC60080US) 

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 arc 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 [l 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 l]. 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 tum 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 IO shown 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 (TOMA), 

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 comprising: 

3 calculating a difference signal representing differences between sample 

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

s 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 

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

9 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. 

1 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. 

1 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. 

1 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 I. 

13. An apparatus, comprising: 

2 a processor; and 

3 a memory unit communicatively connected to a controller and 

4 comprising: 

s 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; 

a 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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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 comprising: 

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; 

s decoding the plurality of transformed coefficients into decoded 

6 transform information; 

7 decoding the plurality of spatial samples into decoded spatial 

a information; and 

9 adding the decoded transform information, the decoded spatial 

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

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

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

1 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. 

1 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 306884.1 

An apparatus, comprising: 

a processor; and 

a memory unit communicatively connected to the processor and 
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s computer code for processing a received coded prediction error 

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

7 coefficients and a plurality of spatial samples; 

a computer code for decoding the plurality of transformed 

9 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. 

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

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

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

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

1 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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38. 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 comprising: 

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 

s values to create a modified prediction error signal; 

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

a 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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ABSTRACT 

Atty. Dkt. No.: 037145-7825 
(NC60080US) 

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 

s 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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10 

CLAIMS 

1. A method, comprising: 

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, thereby creating 

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

performing spatial coding to the difference signal, thereby creating a 

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

joining the first and second representations. 

2. The method according to 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. The method according to claim 2, wherein transform coding comprises 

applying transform coding to the modified prediction error signal; and wherein spatial 

15 coding comprises applying spatial coding to a residual thereof 

4. The method according to claim 2, wherein spatial coding comprises 

applying spatial coding to the modified prediction error signal, and wherein transform 

coding comprises applying transform coding to a residual thereof 

5. The method according to claims 1 to 4, wherein, for transform coding, 

20 at least one transform coefficient is set to zero, and wherein, for spatial coding, at 

least one spatial sample is set to zero. 

25 

6. The method according to claims 2, 3 and 4 wherein the non-outlier 

values used to replace the outlier values comprise an average of neighboring 

prediction error values. 

7. 

least one of: 

The method according to claims 1 to 6, further comprising providing at 

14 
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an indication that no transform coefficients exist in the block of data; and 

an indication that no spatial samples exist in the block of data. 

8. A computer program product in which a software code is stored in a 

computer readable medium, wherein said code realizes the following when being 

5 executed by a processor: 

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, thereby creating 

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

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

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

joining the first and second representations. 

9. An apparatus, comprising: 

an encoder configured to: 

15 calculate a difference signal representing differences between sample 

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

perform transform coding to the difference signal, thereby creating a 

first representation of a first component of the difference signal; 

perform spatial coding to the difference signal, thereby creating a 

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

join the first and second representations. 

10. The apparatus according to claim 9, wherein the encoder is further 

configured to, before performing transform coding and spatial coding, substitute 

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

25 prediction error signal. 

11. The apparatus according to claim 10, wherein the encoder is 

configured to: 

15 
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apply transform coding to the modified prediction error signal; and apply 

spatial coding o a residual thereof 

12. The apparatus according to claim 104, wherein the encoder is 

configured to: 

5 apply spatial coding to the modified prediction error signal; and apply 

10 

15 

20 

transform coding to a residual thereof 

13. The apparatus according to claims 9 to 12, wherein, for transform 

coding, at least one transform coefficient is set to zero, and wherein, for spatial 

coding, at least one spatial sample is set to zero. 

14. The apparatus according to claims 10, 11, and 12, wherein the non-

outlier values used to replace the outlier values comprise an average of neighboring 

prediction error values. 

15. The apparatus according to claims 9 to 14, wherein the encoder is 

further configured to provide at least one of: 

an indication that no transform coefficients exist in the block of data; and 

an indication that no spatial samples exist in the block of data. 

16. A method, 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 the plurality of transformed coefficients into decoded 

transform information; 

decoding the plurality of spatial samples into decoded spatial 

information; and 

adding the decoded transform information, the decoded spatial 

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

decoded representation of the block of data. 

16 
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17. The method according to claim 16, wherein an indication is provided 

that indicates at least one of: 

no transform coefficients exist in the block of data; and 

no spatial samples exist in the block of data. 

18. The method according to claims 16 and 17, 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. 

19. The method according to claim 16, wherein the decoding of the spatial 

10 samples is dependent upon the decoding of the transformed coefficients, and wherein 

the decoding of the transformed coefficients is based upon the decoding of the spatial 

samples. 

20. A computer program product in which a software code is stored in a 

computer readable medium, wherein said code realizes the following when being 

15 executed by a processor: 

receiving a coded prediction error signal, the coded prediction error 

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

decoding the plurality of transformed coefficients into decoded 

transform information; 

20 decoding the plurality of spatial samples into decoded spatial 

25 

information; and 

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. 

21. An apparatus, comprising: 

a decoder configured to: 

17 
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receive a coded prediction error signal, the coded prediction error 

signal including a plurality of transformed coefficients and a plurality of spatial 

samples; 

decode the plurality of transformed coefficients into decoded transform 

s information; 

decode the plurality of spatial samples into decoded spatial 

information; and 

add the decoded transform information, the decoded spatial 

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

10 decoded representation of the block of data. 

15 

20 

22. The apparatus of claim 21, wherein the decoder is further configured to 

decode at least one of: 

an indication indicating that no transform coefficients exist in the block of 

data; and 

an indication indicating that no spatial samples exist in the block of data. 

23. The apparatus according to claims 21 and 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. 

24. The apparatus according to claims 21, 22, and 23, wherein the 

decoding of the spatial samples is dependent upon the decoding of the transformed 

coefficients, and wherein the decoding of the transformed coefficients is based upon 

the decoding of the spatial samples. 

18 
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2. □ This opinion has been established taking into account the rectification of an obvious mistake authorized 
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b. format of material: 

□ on paper 
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□ filed together with the international application in electronic form. 

□ furnishe_d 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 andibr 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. 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 
PCT/1B2008/051351 

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 se~arate 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 ISBNJ: 
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 01 discloses (the references in parentheses applying to this 

_ document): 

- a method of en_coding a prediction error signal for a block of data (page 1129; 
right-hand column, para. VII, lines 2-3), comprising: 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING . 
AUTHORITY (SEPARATE SHEET) 

International application No. 

PCT/IB2008/0513,51 

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 
representatio•n 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 th·e difference signal (fig. 5 - mask coder); 
and joining thefirst 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 ~he 
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 . 

• *** 
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1 
Anmelde-Nr: 
ApplicationNo: 08 737 779.2 
Demande n°: 

The examination is being carried out on the following application documents 

Description, Pages 

1-13 

Claims, Numbers 

1-24 

Drawings, Sheets 

as published 

filed with entry into the regional phase before the EPO 

1 /9-9/9 as published 

1 An International Preliminary Report on Patentability (IPRP) has already been 
drawn up for the present application in accordance with the PCT. 

2 On entry into the regional phase, the applicant has amended the claims. The 
number of claims have been reduced and the dependencies have been 
changed. Also, the wording of the claims have been slightly amended. 
However, the subject-matter of at least the independent claims, corresponds, 
in essence, to the claims on which the IPRP is based. Consequently, the 
objections raised in the IPRP apply to the newly filed claims: 

3 Accordingly, claims 1, 8 and 9 lack clarity, contrary to Article 84 EPC (see 
Item V, point 2 of the IPRP). Claims 1, 8, 9, 16, 20, and 21 lack novelty(Article 
54(1) and (2), contrary to Article 52(1) EPC (Item V, point 3). The dependent 
claims 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 make an inventive contribution over 
the prior art. 

EPO Form 2906 01.91 TRI 
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European Patent Office 
D-80298 Miinchen 
Germany 

Our ref. 
Date 

P-EP62595Q 
11 October 2010 
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European patent application 08737779.2-2223 
Applicant: Nokia Corporation 

This is in response to a Communication dated 11 June 2010 pursuant to 
Article 94(3) EPC concerning the above identified application. 

In response to portion 3 of said Communications and point 2 of the 
corresponding IPRP, the term "spatial coding" has been amended to "spatial 
domain coding". Basis for the amendment can be found at least on paragraphs 
[0001] and [0011] of the originally filed description. 

Furthermore, in view of the cited prior art, claims 1, 7 ( originally filed claim 
8) and 8 ( originally filed claim 9) have been amended by incorporating the 
subject matter of originally filed claims 2 and 10 into them. Accordingly, said 
originally filed claims 2 and 10 have been deleted. Claim numbering has been 
amended to reflect these deletions. Additional support for these amendments 
can be found at least on paragraphs [0043] and [0044] of the originally filed 
description. 

Also, in view of the cited prior art, claims 14 ( originally filed claim 16), 17 
(originally filed claim 20) and 18 (originally filed claim 21) have been 
amended by incorporating the subject matter of originally filed claims 17 and 
22 into them. Accordingly, said originally filed claims 17 and 22 have been 
deleted. Claim numbering has been amended to reflect these deletions. 
Additional support for these amendments can be found at least on paragraphs 
[0043] and [0044] of the originally filed description. 

For your convenience, both marked-up and clean copies of the amended claim set 
are provided. Additions are highlighted with underlinings, and deletions are 
highlighted with strikethroughs in the marked-up copies. 

The application as amended does not contain subject matter extending beyond 
the content of the application as filed. 

In regards to the cited prior art Santago P. et al., "USING CONVEX SET 
TECHNIQUES FOR COMBINED PIXEL AND FREQUENCY 
DOMAINCODING OF TIME-VARYING IMAGES" (DI), and Segall C. A. 
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et al., "Pre- and Post-Processing Algorithms for Compressed Video 
Enhancement" (D2), and the alleged lack of novelty, the following comments 
and observations are submitted. 

D 1 discloses an image coding technique, in which pixel and frequency 
domain information is combined in order to improve image quality over 
standard transform coding at given bit rates. The use of nonintersecting 
convex sets is shown to be optimum for two sets and a given error measure. 

D2 discloses a survey on the fields of pre- and post-processing techniques for 
video compression, as well as some compression enhancement algorithms. 

Both D 1 and D2 fail to teach or suggest at least the claimed feature of 
"creating a modified prediction error signal by substituting outlier values in 
the difference signal with non-outlier values" in amended claims 1, 7 and 8. 
No such feature can be found anywhere in either DI or D2. 

Similarly, both D 1 and D2 fail to teach or suggest at least the claimed feature 
of "wherein an indication is provided that indicates at least one of no 
transform coefficients exist in the block of data; and no spatial samples exist 
in the block of data" in amended claims 14, 17 and 18. No such feature can be 
found anywhere in either D 1 or D2. 

Accordingly, the present invention is novel in view of DI and D2. 

Furthermore, the above features of the present invention have a significant 
advantage in that they allow e.g. improving the compression efficiency of 
modem video and image codecs. Fast algorithms can be applied in order to 
lower the encoding complexity that approaches the complexity level for 
traditional transform based coding. 

Accordingly, the above features of the present invention involve an inventive 
step over DI and D2. 

It is believed the application is now in compliance with the EPC. Should the 
Examiner find any incompliance, we are ready to further specify our 
comments and/or further amend the application in response to any 
communication pointing such deficiencies under the European Patent 
Convention. Should the Examining Division take any adverse decision on this 
application, the applicant hereby requests, in order of preference, a phone 
conversation, an informal interview and Oral Proceedings before such 
decision. 

Respectfully 

PAPULAOY 
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WHAT IS CLAIMED IS: 

1. A method, comprising: 

calculating a difference signal representing differences between sample 

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

creating a modified prediction error signal by substituting outlier 

values in the difference signal with non-outlier values; 

performing transform coding to the difference signal, thereby creating 

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

performing spatial domain coding to the difference signal, thereby 

10 creating a second representation of a first component of the difference signal; and 

joining the first and second representations. 

2. The method according to claim 1, wherein transform coding comprises 

applying transform coding to the modified prediction error signal; and wherein 

spatial domain coding comprises applying spatial domain coding to a residual 

15 thereof. 

3. The method according to claim 1, wherein spatial domain coding comprises 

applying spatial domain coding to the modified prediction error signal, and wherein 

transform coding comprises applying transform coding to a residual thereof. 

4. The method according to claims 1 to 3, wherein, for transform coding, at least 

20 one transform coefficient is set to zero, and wherein, for spatial domain coding, at 

least one spatial sample is set to zero. 

25 

5. The method according to claims 1, 2 and 3, wherein the non-outlier values 

used to replace the outlier values comprise an average of neighboring prediction error 

values. 

6. The method according to claims 1 to 5, further comprising providing at least 

one of: 

an indication that no transform coefficients exist in the block of data; and 

14 
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an indication that no spatial samples exist in the block of data. 

7. A computer program product, in which a software code is stored in a computer 

readable medium, wherein said code realizes the following when being executed by a 

processor: 

5 calculating a difference signal representing differences between sample values 

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

creating a modified prediction error signal by substituting outlier values in the 

difference signal with non-outlier values; 

performing transform coding to the difference signal, thereby creating a first 

1 o representation of a first component of the difference signal; 

15 

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

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

8. 

joining the first and second representations. 

An apparatus, comprising: 

an encoder configured to: 

calculate a difference signal representing differences between sample values 

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

create a modified prediction error signal by substituting outlier values in the 

difference signal with non-outlier values; 

20 perform transform coding to the difference signal, thereby creating a first 

25 

representation of a first component of the difference signal; 

perform spatial domain coding to the difference signal, thereby creating a 

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

join the first and second representations. 

9. The apparatus according to claim 8, wherein the encoder is configured to: 

apply transform coding to the modified prediction error signal; and apply 

spatial domain coding to a residual thereof 

10. The apparatus according to claim 8, wherein the encoder is configured to: 

15 
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apply spatial domain coding to the modified prediction error signal; and apply 

transform coding to a residual thereof 

11. The apparatus according to claims 8 to 10, wherein, for transform coding, at 

least one transform coefficient is set to zero, and wherein, for spatial domain coding, 

5 at least one spatial sample is set to zero. 

12. The apparatus according to claims 8, 9, and 10, wherein the non-outlier values 

used to replace the outlier values comprise an average of neighboring prediction error 

values. 

13. The apparatus according to claims 8 to 12, wherein the encoder is further 

10 configured to provide at least one of-c 

an indication that no transform coefficients exist in the block of data; and 

an indication that no spatial samples exist in the block of data. 

14. A method, comprising: 

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

15 including a plurality of transform coefficients and a plurality of spatial samples; 

decoding the plurality of transformed coefficients into decoded transform 

information; 

decoding the plurality of spatial samples into decoded spatial information; and 

adding the decoded transform information, the decoded spatial information, 

20 and a reconstructed prediction of the block of data, thereby forming a decoded 

representation of the block of data, 

25 

wherein an indication is provided that indicates at least one of no transform 

coefficients exist in the block of data-;- and no spatial samples exist in the block of 

data. 

15. The method according to claim 14, wherein the decoding of the plurality of 

transformed coefficients and spatial samples includes dequantization of each, and 

16 
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wherein the dequantization of transformed coefficients and spatial samples are related 

to each other. 

16. The method according to claim 14, wherein the decoding of the spatial 

samples is dependent upon the decoding of the transformed coefficients, and wherein 

5 the decoding of the transformed coefficients is based upon the decoding of the spatial 

samples. 

17. A computer program product in which a software code is stored in a computer 

readable medium, wherein said code realizes the following when being executed by a 

processor: 

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

15 

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

decoding the plurality of transformed coefficients into decoded transform 

information; 

decoding the plurality of spatial samples into decoded spatial information; and 

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, 

wherein an indication is provided that indicates at least one of no transform 

coefficients exist in the block of data-;- and no spatial samples exist in the block of 

20 data. 

25 

18. An apparatus, comprising: 

a decoder configured to: 

receive a coded prediction error signal, the coded prediction error signal 

including a plurality of transformed coefficients and a plurality of spatial samples; 

decode-the plurality of transformed coefficients into decoded transform 

information; 

decode the plurality of spatial samples into decoded spatial information; and 

add the decoded transform information, the decoded spatial information, and a 

reconstructed prediction of the block of data, thereby forming a decoded 

30 representation of the block of data, 

17 
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wherein the decoder is further configured to decode at least one of: an 

indication indicating that no transform coefficients exist in the block of data; and an 

indication indicating that no spatial samples exist in the block of data. 

19. The apparatus according to claim 18, wherein the decoding of the plurality of 

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

wherein the dequantization of transformed coefficients and spatial samples are related 

to each other. 

20. The apparatus according to claims 18 and 19, wherein the decoding of the 

spatial samples is dependent upon the decoding of the transformed coefficients, and 

10 wherein the decoding of the transformed coefficients is based upon the decoding of 

the spatial samples. 

18 
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5 

WHAT IS CLAIMED IS: 

1. A method, comprising: 

calculating a difference signal representing differences between sample 

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

creatir1g_ a _ _rn.odified __ predictlon __ error _sigr1al__b·:l _substitutir11;_ otrtLier 

performing transform coding to the difference signal, thereby creating 

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

performing spatial domain coding to the difference signal, thereby 

10 creating a second representation of a first component of the difference signal; and 

joining the first and second representations. 

15 1J, ______ The method according to claim lL wherein transform coding comprises 

applying transform coding to the modified prediction error signal; and wherein 

spatial <fo_nw1_n_ coding comprises applying spatial i,1(,nmiiJLcoding to a residual 

thereof. 

20 

4-.J. The method according to claim ~U, wherein spatial domain coding comprises 

applying spatial dornaincoding to the modified prediction error signal, and wherein 

transform coding comprises applying transform coding to a residual thereof. 

The method according to claims 1 to 4}, wherein, for transform coding, at 

least one transform coefficient is set to zero, and wherein, for spatial doniaincoding, 

at least one spatial sample is set to zero. 

25 .ti,j_, _________ The method according to claims :lL ;~--?-__and 4J, wherein the non-outlier values 

used to replace the outlier values comprise an average of neighboring prediction error 

values. 

14 
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iJ\ _________ The method according to claims 1 to 1\:\ further comprising providing at least 

one of: 

an indication that no transform coefficients exist in the block of data; and 

an indication that no spatial samples exist in the block of data. 

5 ~8·~·'7~. _A computer program product, in which a software code is stored in a computer 

readable medium, wherein said code realizes the following when being executed by a 

processor: 

10 

calculating a difference signal representing differences between sample values 

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

crea,tirH2. a, 1-r1odified, 1)rediction erTor sif2J1ai t-rv sul;stitutiJlil otrUier ,:alues 111 the . . . 

performing transform coding to the difference signal, thereby creating a first 

representation of a first component of the difference signal; 

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

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

joining the first and second representations. 

9,8_. _________ An apparatus, comprising: 

an encoder configured to: 

calculate a difference signal representing differences between sample values 

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

25 

create_3.1 _r11odified __ predictlon __ error _sigr1at_b,/ _sttbstitutir1g_ 01.1tlier_ \ialues _j11_ the 

perform transform coding to the difference signal, thereby creating a first 

representation of a first component of the difference signal; 

perform spatial domain coding to the difference signal, thereby creating a 

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

join the first and second representations. 

15 
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-i-1/) The apparatus according to claim-H)_Q, wherein the encoder is configured to: 

5 apply transform coding to the modified prediction error signal; and apply 

spatial domain coding to a residual thereof 

-1-1-.- l O. The apparatus according to claim :J--%, wherein the encoder is configured to: 

apply spatial dornain_coding to the modified prediction error signal; and apply 

transform coding to a residual thereof 

10 -B-.-11. The apparatus according to claims 9-8-_to -1-;un, wherein, for transform coding, 

at least one transform coefficient is set to zero, and wherein, for spatial dorrmin 

coding, at least one spatial sample is set to zero. 

:J-4, 12. The apparatus according to claims -l-Of, -1--tl, and -LUJ\ wherein the non-outlier 

values used to replace the outlier values comprise an average of neighboring 

15 prediction error values. 

20 

if,-JJ_, ___ The apparatus according to claims 9--3__to 141?, wherein the encoder is further 

configured to provide at least one of-c 

an indication that no transform coefficients exist in the block of data; and 

an indication that no spatial samples exist in the block of data. 

-1-6-.-14. A method, 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 the plurality of transformed coefficients into decoded transform 

information; 

25 decoding the plurality of spatial samples into decoded spatial information; and 

16 
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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" 

vvherein ar1 indication i~ rJro'\,,ided that indic,ates at least one of r10 Ln1nsforrr1 

s coefficier1ts __ exlst _ir1_ the_ l)lock __ of_data•;_ a11d __ 110 _5patial __ sa111r)1es_ exist __ in __ the _ bloc,k __ of 

data. 

-l-8-: l 5 _ The method according to claims---1-6-a:nd---P-JJ, 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. 

15 J9:JJ,, ____ The method according to claim l6JJ, wherein the decoding of the spatial 

samples is dependent upon the decoding of the transformed coefficients, and wherein 

the decoding of the transformed coefficients is based upon the decoding of the spatial 

samples. 

ltl-17 . ___ A computer program product in which a software code is stored in a computer 

20 readable medium, wherein said code realizes the following when being executed by a 

processor: 

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

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

decoding the plurality of transformed coefficients into decoded transform 

25 information; 

decoding the plurality of spatial samples into decoded spatial information; and 

17 
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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" 

vvherein ar1 indication i~ rJro'\,,ided that indic,ates at least one of r10 Ln1nsforrr1 

s coefficier1ts_ exist _i11_ the_ l)lock __ of_data•;_ and __ 110 _5patial_sarn1Yles_ exist __ in __ the_bloc,k __ of 

data. 

-_2-~1--.-_1~8~. ~~An apparatus, comprising: 

a decoder configured to: 

receive a coded prediction error signal, the coded prediction error signal 

10 including a plurality of transformed coefficients and a plurality of spatial samples; 

decode-the plurality of transformed coefficients into decoded transform 

information; 

decode the plurality of spatial samples into decoded spatial information; and 

add the decoded transform information, the decoded spatial information, and a 

15 reconstructed prediction of the block of data, thereby forming a decoded 

representation of the block of data, 

indication iJ1dicatiJlil that 110 s1)atial sarnnles ex.ist in the block of'" ttata. 

' " +t.~H-st:-tn':h7-(1t:~ 

25 ?-ldJ, ____ The apparatus according to claimfr-;1;l--,=i'Ht°.l-c2,JJS, 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. 

18 
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5 

:;·H/?Q, ____ The apparatus according to claims ;1l-,:·c2,1,___1_~ and :1?-J-9, wherein the decoding 

of the spatial samples is dependent upon the decoding of the transformed coefficients, 

and wherein the decoding of the transformed coefficients is based upon the decoding 

of the spatial samples. 

19 
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PAPULA ~ NEVl N PAT 
,. Y<?.·UR EXCLUSIVE RIGHT 

European Patent Office 
D-80298 Mi.inchen 
Germany 

- • ·-·•-----·----·----- 9.Aug.2012 
L);r. 5.::!.3 -----

Forssen & Salomaa merger and Papula Oy change of address 

Please, record the following changes: 

1) The firm Forssen & Salomaa Oy has merged into Papula Oy. Accordingly, in all 

active cases where the representative is Eske Salonen or Sirpa Kurra of Forssen 

& Salomaa, please record change of representative to Papula Oy (Association 

No. 397). Eske Salonen and Sirpa Kurra have already been added to the 

association No. 397. 

We enclose a copy of an extract from the Finnish trade register, and a 

translation of it into English, that the firm Forssen & Salomaa Oy has merged 

into Papula Oy as of 1.6.2012. 

2) Further, in all active cases where the representative is one of the following: 

Timo Heline / 

Markku Simmelvuo ./ 

Jarmo Tanskanen ( 

Erja Partio / 

with an address to Papula Oy, please record as the new representative the 

Papula Oy association (Association No. 397). 

3) To all the above referred cases and all other active cases where the Papula Oy 

association (Association No. 397) is the representative, please use the address 

of the association: 

Papula Oy 

P.O. Box 981 

Fl-00101 Helsinki 

FINLAND 

Accordingly, all active cases to Papula Oy should use this address. 
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PAPULA(YNEVINPAT 
, Y@UR EXCLUSIVE RIGHT 

Yours sincerely, 

PAPULAOY 

On behalf of association no. 397 

Falke Johansson, reg. no. 0081680 
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Legally valid translation from the original in Finnish: 

The National Board of Patents and Registration 
Trade Register 
Arkadiankatu 6 A 
00100 Helsinki 
Tel. (09) 6939 500 
kirjaamo@prh.fi 

Page: I (I) 
Business ID: 0 I 08262-6 
Date of excerpt: 07.06.2012 10:56:28 

INFORMATION IN THE REGISTER EXTRACT 

Compariy name: 
Business ID: 
Date of registration: 
Company form: 
Domicile: 
Content of extract: 

Register entries: 

Forssen & Salomaa Oy 
0108262-6 
28.10.1949 
Limited company 
Helsinki 
Information in the register 07.06.2012 I 0:56:26. 

IMPLEMENTATION OF MERGER (Registered 01.06.2012) 
Forssen & Salomaa Oy Business ID O I 0~262-6 has merged with a company named Papula Oy 
Business ID 0236098-2. 

DISSOLUTION (Registered 01.06.2012) 
The company is dissolved. 

ADDITIONAL INFORMATION 
Entered in the register as terminated O 1.06.2012. 

COMPANY NAME HISTORY 
Forssen & Salomaa Oy 24.04.1959- 31.05.2012 
Oy. Patentti- ja Insino5ritoimisto Forssen Ab. 08.12.1950 - 23.04.1959 
O. Y. InsinMritoimisto Forssen AB. 28.10.1949 - 07.12.1950 

Source: The National Board of Patents and Registration of Finland 

I hereby certify the above to be a true and correct translation of the attached document. 

Tampere, 8 June 2012 

Paula Uusvaara 
Authorized translator (Act 1231/2007 as amended) 
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Patentti- ja rekisterihallitus 
Kaupparekisteri 
Arkadiankatu 6 A 
00100 Helsinki 
puh. (09) 6939 500 
kirjaamo@prh.fi 

Sivu: 1 (1) 

Y-tunnus: 0 I 08262-6 
Luontiajankohta: 07.06.2012 10:56:28 

REKISTERIOTTEEN TIEDOT 

Toiminimi: 

Y-tunnus: 

Yritys rekisteroity: 

Yritysmuoto: 

Kotipaikka: 
Otteen sislUtts: 

Rekisterimerkinnat: 

Forssen & Salomaa Oy 

0108262-6 

28.10.1949 

Osakeyhtio 

Helsinki 
07.06.2012 10:56:26 rekisterissl olleet tiedot. 

SULAUTUMISEN TA YT ANT00NPANO (Rekisterc5ity O 1.06.2012) 
Forssen & Salomaa Oy Y-tunnus 0108262-6 on sulautunut Papula Oy 
-nimiseen yhti66n Y-tunnus 0236098-2. 

PURKAUTUMINEN (Rekisterliity 01.06.2012) 
Yhtili on purkautunut. 

LISATIETOJA 

Merkitty rekisteriin lakanneeksi O 1.06.2012 

TOIMINIMIHISTORIA 

Forss~n & Salomaa Oy 24.04.1959- 31.05.2012 
Oy. Patentti- ja lnsino6ritoimisto Forssen Ab. 08.12.1950 - 23.04.1959 
O.Y. Insinooritoimisto Forssen A.B. 28.10.1949 - 07.12. I 950 

Tietolahde: Patentti- ja rekisterihallitus 
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Europiisches 
Patentamt 

European 
Patent Office 

Offic:e e1,1ropl!en 
des brevets 

European Patent Office 
80298 MUNICH 
GERMANY 
Tel. +49 (0)89 2399 - 0 
Fax +49 (0)89 2399 - 4465 

1111111 111111111111111 111111111111111 IIIII IIIII IIII IIII 
For any questions about 
this communication: 

Papula Oy Tel.:+31 (0)70 340 45 00 

P.O. Box 981 
00101 Helsinki 
FINLANDE 

Reference 

P-EP62595F 

Applicant/Proprietor 

Nokia Corporation 

I Date 
31.08.12 

I Application No./Patent No. 

08737779.2 - 2223 I 2156675 

Communication of amended entries concerning the representative (R. 143(1)(h) EPC) 

As requested, for the above-mentioned European patent application / European patent the 
entries concerning the representative have been amended as follows: 

Papula Oy 
P.O. Box 981 
00101 Helsinki 
Fl 

The amendment will be recorded in the Register of European Patents. 

EPO Form 2548 12.07 (28/08/12) 

Client Data Registration 
Tel.: +49 (0)89 2399 2780 

EB21171 
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Europaisches 
Patentamt 

European 
Patent Office 

Office europeen 
des brevets 

I llllll lllll lllll lllll lllll lllll lllll 111111111111111111 
Papula Oy 
P.O. Box 981 
00101 Helsinki 
FIN LANDE 

Application No. 

08 737 779.2 - 1908 
Applicant 

Nokia Corporation 

7 

_J 

I 

Ref. 

P-EP62595F 

Communication pursuant to Article 94(3) EPC 

I 

European Patent Office 
80298 MUNICH 
GERMANY 
Tel: +49 89 2399 0 
Fax: +49 89 2399 4465 

Formalities Officer 
Name: Jankowski, Patrick 
Tel: +49 89 2399 - 7744 
or call 
+31 (0)70 340 45 00 

Substantive Examiner 
Name: Luckett, Paul 
Tel: +49 89 2399 - 8965 

Date 

08.03.2013 

The examination of the above-identified application has revealed that it does not meet the requirements of the 
European Patent Convention for the reasons enclosed herewith. If the deficiencies indicated are not rectified 
the application may be refused pursuant to Article 97(2) EPC. 

You are invited to file your observations and insofar as the deficiencies are such as to be rectifiable, to correct 
the indicated deficiencies within a period 

of 4 months 

from the notification of this communication, this period being computed in accordance with Rules 126(2) and 
131 (2) and (4) EPC. One set of amendments to the description, claims and drawings is to be filed within the 
said period on separate sheets (R. 50(1) EPC). 

If filing amendments, you must identify them and indicate the basis for them in the application as filed. Failure 
to meet either requirement may lead to a communication from the Examining Division requesting that you 
correct this deficiency (R. 137(4) EPC). 

Failure to comply with this invitation in due time will result in the application being deemed to be 
withdrawn (Art. 94(4) EPC). 

Registered Letter 
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Date 08.03.2013 

Luckett, Paul 
Primary Examiner 

Sheet 2 

For the Examining Division 

Enclosure(s): 

Registered Letter 
EPO Form 2001 12.1 0CSX 

2 page/s reasons (Form 2906) 
WO-9907154-A 1 

Application No.: 08 737 779.2 
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Datum 
Date 
Date 

08.03.2013 
Blatt 
Sheet 1 
Feuille 

Anmelde-Nr: 
Application No: 0 8 7 3 7 7 7 9 . 2 
Demande n°: 

The examination is being carried out on the following application documents 

Description, Pages 

1-13 

Claims, Numbers 

1-20 

Drawings, Sheets 

as originally filed 

received on 

1/9-9/9 as originally filed 

11-1 0-201 0 with letter of 11-10-2010 

1 The following document is cited by the Examiner. A copy of the document is 
annexed to the communication and the numbering will be adhered to in the 
rest of the procedure. 

D6 WO 99/07154 A1 (IDT INT DIGITAL TECHNOLOGIES DEUT GMBH) 11 
February 1999 (1999-02-11) 

2 The features of the independent claims are cast in such broad and vague 
terms that these claims are not deemed to find adequate technical support in 
the description nor to be adequately clear to enable a fair determination of 
their intended scope (Art 84, EPC). 

3 Obscurity in the independent claims derives from the extremely vague term 
"joining". The entire description is silent concerning any technical features 
whatsoever by way of which any form of "joining" could be meaningfully 
understood. 

4 Further obscurity in the independent claims is caused by the lack of any clear 
technical definition of a distinction between "outlier values" and "non-outlier 
values". This terminology appears to be implying some form of unspecified 
spatial filtering ? 

5 In as far as its intended scope can at present be determined, the common 
subject matter of the various independent claims appears to be rendered 
obvious by a skilled person's common knowledge taken in combination with 
the disclosure of :- D6 

6 The D6 reference discloses (see inter alia abstract) filtering video images so 
as to improve compressibility. The spatially filtered images are compressed by 
transform coding into the frequency domain while a "residual" spatial image 

EPO Form 2906 01.91 TRI 
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Datum 
Date 
Date 

Blatt 
08.03.2013 Sheet 2 

Feuille 

Anmelde-Nr: 
Application No: 0 8 7 3 7 7 7 9 . 2 
Demande n°: 

component is derived from the difference (error) between the predicted image 
and the original image. Both the frequency transformed image and the 
compressed residual image are passed through a communication channel (in 
which they can be said to be "joined") (see inter alia D6 description w.r.t. fig1 ). 

7 None of the independent claims includes any clear distinguishing features 
which might be considered to involve an inventive step. 

8 Most of the dependent claims refer directly back to a head claim such that 
when the latter fails, the former fall apart into a number of disparate concepts 
all of which appear to constitute routine matters of design normally to be 
expected of a skilled person. Thus these claims do not relate clearly to a 
common inventive concept, nor do they in combination lead to any matter 
upon which an ultimately allowable claim might be based. 

g The applicants' attention is drawn to the possibility to request an appealable 
decision according to the state of the file by way of which the necessity of 
holding formal oral proceedings (Art 116 EPC) may be avoided. 

1 o However, this option requires the applicants to explicitly withdraw their request 
for such oral proceedings. Should the applicants not choose this option then, 
during any ensuing formal oral proceedings (Art 116 EPC), a final decision on 
the application will be taken subsequent to which the Examining Division will 
exercise its discretionary power to refuse any further amendment (Rule 137(3) 
EPC). 

EPO Form 2906 01.91 TRI 
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Europiisches 
Patentamt 

European 
Patent Office 

Offic:e e1,1ropl!en 
des brevets 

1111111 111111111111111 111111111111111 IIIII IIIII IIII IIII 
Papula Oy 
P.O. Box 981 
00101 Helsinki 
FINLANDE 

Reference 

P-EP62595F 

Applicant/Proprietor 

Nokia Corporation 

I Application No./Patent No. 

08737779.2 - 1908 / 2156675 

Noting of loss of rights pursuant to Rule 112(1) EPC 

European Patent Office 
80298 MUNICH 
GERMANY 
Tel. +49 (0)89 2399 - 0 
Fax +49 (0)89 2399 - 4465 

Formalities Officer 

Name: Erik,n . 
T I . 243 Exner, Karin 

e •• -7826 
or call: 
+31 (0)70 340 45 00 

23-08-2013 

The European patent application is deemed to be withdrawn under Article 94(4) EPC, because the 
invitation to file observations on the communication from the Examining Division dated 08.03.13 was not 
complied with. 

Means of redress 

Request for a decision (R. 112(2) EPC) 
If the applicant considers that the finding of the European Patent Office is inaccurate, he may, within a 
(non-extendable) period of two months after notification of this communication, apply in writing for a 
decision on the matter. The application can only lead to the finding being reversed if this does not actually 
correspond to the factual or legal situation. 

Further processing (Art. 121 EPC) 
The legal consequence of the failure to observe the time limit shall be deemed not to have ensued if, 
within a (non-extendable) period of two months after notification of this communication, further 
processing is requested by payment of the fee prescribed under Article 2(1)12 of the Rules relating to 
Fees and the omitted act is completed (R. 135(1) EPC). 

Important note to users of the automatic debiting procedure 
The fee for further processing will be debited automatically on the day on which the above-mentioned 
omitted act is completed (see Arrangements for the automatic debiting procedure, Supplement to OJ EPO 
3/2009). 

Registered letter 
EPO Form 2021A 12.07 (16/08/13) ADWl11 
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Europiil5che• 
Patentamt 

European 
Patent Office 

Office europ~en 
de• brevet• 

Closure of the procedure in respect of application No. 08737779.2 - 1908 22.11.13 

1. The procedure in respect of the above application is closed for the following reason: 

ADWI 11/23.08.13 The time limit under Rule 112(2) EPC has expired. 
No request for a decision under Rule 112(2), or for further processing under 
Article 121 EPC or for re-establishment of rights under Article 122 EPC has 
been filed. 

2. The EPASYS situation has been verified in respect of item 1: 

3. 

DFIL: 09.04.08 

NOAP: //// 

RDEC: //// 

RFPR: // 

REES: /// 

REl,cJ 3/ADWI 3 and DEAD 1 coded. Date of legal effect 

Position regarding fees: 
DEST03 005 00809612 12.11.09 
EXAM02 006 00809612 12.11.09 
CLMS(2) 015 00809612 12.11.09 
FFEE01 020 00809612 12.11.09 
RFEE 03 033 00809612 12.11.09 
RFEE 03 033 00028008 21.11.09 
RFEE 03 033 00609336 25.03.10 
RFEE 04 034 00659252 12.04.11 
RFEE 05 035 00699181 30.03.12 
RFEE 06 036 00690550 12.04.13 

D Examination started on _______ (EXDS51). 

D Refund(s) ordered: 

19 oz 201a 

EUR 500,00 
EUR 1 252,00 
EUR 1 800,00 
EUR 100,00 
EUR 400,00 
EUR 400,00-
EUR 400,00 
EUR 525,00 
EUR 735,00 
EUR 995,00 

□ 75% EXAM fee □ RFEE(s): ___ _ D Otherfees: ___ _ 

Note: Attention is to be paid to potential automated refund proposal(s). 

4. Mark "DEAD" on the paper file and: 

ll[ Check whether a divisional application is pending and if so attach the DEAD file to it. 

D Any models still in the Office's possession were returned on _______ _ 
(for dealing with models, please refer to Fil d'Ariane). 

QI Keep paper file in file store (separate place) until next action for file destruction. 

22-11-2013 
Date 

EPO Form 2058 06.13 

Schalinatus, Dana 
Formalities Officer 
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