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[Para l] 

Adaptive coding of the prediction error in hybrid video coding 

DESCRIPTION 

State of the art 

Standardized video coding algorithms are based on hybrid coding. The 

temporal redundancy is reduced by using block based motion compensated prediction. The 

prediction error signal is transformed into the frequency domain resulting in coefficients. 

The coefficients are quantized and zigzag scanned starting at the DC-coefficient as shown 

in Fig. l resulting in a l D array. This 1 D array is entropy-coded by a coder, which is 

optimized for an array of coefficients with decreasing energy. In the latest standard 

H.264/ AVC, Context-Based Adaptive Binary Arithmetic Coding (CABAC) or Context­

Adaptive Variable-Length Coding (CAVLC) is used for this purpose. 

Adaptive coding of the prediction error in the frequency and in the spatial domain 

[Para 2] The coding efficiency of the transform is high if the prediction error samples 

are correlated. For marginally correlated samples in the spatial domain, the transform is 

inefficient. Therefore, coding in the spatial domain is proposed as depicted in Fig. 2. Each 

prediction error block is either coded in the spatial domain or in the frequency domain 

whereas the domain is determined by the adaptation control. The information about the 

domain is sent as side information. For the purpose of spatial domain coding, the prediction 

error samples are quantized. The quantized samples are sent to the entropy coding and to 

Page 1 of 14 

Copy provided by USPTO from the IFW Image Database on 01/30/2007 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1007, Page 000011



the inverse quantization. The scan of the quantized samples is derived from the prediction 

signal by the scan control. 

Quantizers for the spatial domain 

[Para 3] In H.264/AVC rate distortion optimized quantizers for the coefficients with two 

different distortion measures are applied. The first measure is the mean squared 

quantization error, the second one is the subjectively weighted quantization error. 

[Para 4] According to the H.264/AVC quantizers for the coefficients, two quantizers for 

the prediction error samples are developed. Since the distribution of the prediction error is 

close to a Laplacian distribution, a scalar dead-zone plus uniform threshold quantizer is 

used in the case of mean squared quantization error optimization. Fig. 3 visualizes the 

parameters a,b and c of the quantization und inverse quantization. For each quantization 

parameter QP, an individual quantizer is designed. Table l shows the parameters a,b and c 

exemplarily for commonly used QPs in the H.264/AVC coding scheme. In the case of 

subjectively weighted quantization error optimization, a non uniform quantizer is proposed 

with representative levels n, - n and decision thresholds in the middle of adjacent rI which 

are also shown in Table 1. In the case that large errors occur at edges, visual masking at 

edges is exploited. Consequently, large quantization errors are allowed at edges, small ones 

if the image signal is flat. In Fig. 5, the measured mean absolute reconstruction error of 

subjectively weighted quantization in the frequency domain is shown for each absolute 

value of the prediction error. It also shows the absolute reconstruction error of subjectively 

weighted quantization in the spatial domain. The representation levels n are adjusted such 

that the mean absolute reconstruction error is the same for quantization in the frequency 

and spatial domain with respect to the quantization intervals in the spatial domain. 
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The quantizer design can also exploit other features of the visual system. Furthermore, 

quantizers can be used that create a quantization error with properties different to those of 

the H.264/AVC quantizers. 

Table l: Parameters a,b, and c of the quantizer in the case of mean squared error 

optimization and representative levels ri of the quantizer in the case of subjectively 

weighted quantization error optimization 

QP a B C r1 r2 r3 r4 

23 9.6 1.6 2.7 0 l l 28 46 

26 14.8 1.4 4.8 0 14 36 58 

29 22.2 1.4 6.9 0 20 54 92 

32 30.2 1.4 9.3 0 28 76 130 

Adaptation control 

rs 

66 

110 

148 

220 

[Para SJ The adaptation control decides if a block is coded in the frequency or in the 

spatial domain and generates the side information to indicate the domain. For the decision 

purpose, the rate distortion costs are measured for the coding in the spatial and for coding 

in the frequency domain. The domain with the lower rate distortion costs is chosen. The 

rate distortion costs are calculated by the required rate Rand the resulting distortion D 

weighted by a Lagrange parameter L: L *R + D. As distortion measure, the mean squared 

quantization error is used, but also other measures are possible e.g. the mean absolute 

quantization error. As Lagrange parameter L the commonly used Lagrange parameter for 

the coder control of H.264/AVC is used L=0.85*2C<QP-12>t3>. Alternative methods for 

determining the rate distortion costs are possible. 
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[Para 6] The Adaptation control can alternatively control the coding method e.g. based 

on the prediction signal or based on the correlation in the prediction error or based on the 

domain, the prediction error is coded in at a motion compensated position of already 

transmitted frames. 

Entropy coding of the quantized samples in the spatial domain 

[Para 7] For the entropy coding in the spatial domain, the same method as for the 

quantized coefficients in the case of coding in the frequency domain is used. In the case of 

H.264/AVC, it is CABAC but also CAVLC is possible. Instead of the quantized coefficients, 

the quantized samples are coded. However the scan is changed. The scan in the spatial 

domain is controlled by the magnitude of the gradient of the prediction image signal at the 

same spatial position. The samples to be coded are arranged in an order of decreasing 

gradients as depicted in Fig. 3. Instead of a scan controlled by the gradient also other scans 

as e.g. a predefined scan or a scan controlled by the quantized prediction error of already 

transmitted frames or a scan derived from already transmitted quantized samples of the 

current block or combinations thereof can be applied. In addition, the method for the scan 

determination can be signaled for segments of the video sequence, e.g. for each frame or 

for each slice or for each groups of pictures. 

[Para 8] Separate probability models are used for the spatial domain whereas the 

initialization of these models is derived from the statistic of the quantized samples. The 

context modeling in the spatial domain is done in the same way as in the frequency domain. 
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Coding of the side information 

[Para 9] The adaptive control generates the information in which domain a block is 

coded, whereas the block size is 4x4 or 8x8 picture elements according to the size of the 

transform, but also other block sizes independent of the size of the transform are possible. 

[Para 1 O] The flag Slice_FD_SD_coding_flag indicates if all blocks of the current slice are 

coded in the frequency domain or if at least one block is coded in the spatial domain. This 

flag is coded by one bit. 

[Para 11] If at least one block of the slice is coded in the spatial domain, it is indicated by 

the flag MB_FD_SD_coding_flag for each individual macroblock of the current slice if all 

blocks of the current macroblock are coded in the frequency domain or if at least one block 

is coded in the spatial domain. This flag is coded conditioned by the flags of the already 

coded neighboring blocks to the top and to the left. 

[Para 12] If at least one block of a macroblock is coded in the spatial domain, it is 

indicated by the flag FD_or _SD_flag for each block of the macro block to be coded if the 

current block is coded in the frequency or in the spatial domain. This flag is coded 

conditioned by the flags of the already coded neighboring blocks to the top and to the left. 

[Para 13] Alternatively, the side information can also be coded conditioned by the 

prediction signal. 

Syntax and Semantics 

[Para 14] This section describes exemplary syntax and semantics which allows the 

incorporation of the invented algorithm into the H.264/AVC coding scheme. 

The flag Slice_FD_SD_coding_flag is introduced in the slice_headeras shown in Table 2. 

The flag MB_FD_SD_coding_flag is send in each macroblock.Jayeras shown in Table 3. 
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In the residuaLblock_cabacit is signaled by the flag FD_or_SD_flag if frequency domain 

coding or spatial domain coding is applied for the current block (see Table 4). 

A similar scheme can be applied in other video coding algorithms for the prediction error 

coding. 

Table 2: Extension of the syntax of the slice_header of H.264/AVC 

slice_headerO{ C Descriptor 

Slice_FD_SD_coding_flag 2 u(l) 

. 

Table 3: Extension of the syntax of the macroblock_layer of H.264/AVC 

macroblock_layerO{ C Descriptor 

If (Slice_FD_SD_coding_flag == l ){ 

MB_FD_SD_coding_flag 2 u(l) 

} 
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Table 4: Extension of the syntax of the residual_block_cabac of H.264/ AVC 

res id ual_b lock_cabac{ C Descriptor 

If (Slice_FD_SD_coding_flag== l && MB_FD_SD_coding_flag== l){ 

FD_or _SD_flag 314 ae(v) 

If (FD_or _SD_flag== l ){ 

Code_Prediction_e rror _i n_spatiaLdomain 

} 

else{ 

Code_Prediction_error_in_frequency_domain 

} 

} 

. 

. 

Decoder 

[Para l 5] The decoder is depicted in Fig. 6. Based on the transmitted side information, 

the decoder decodes each block of the prediction error either in the frequency or in the 

spatial domain. The scan is derived in the same way as in the encoder. 

Page 7 of 14 

Copy provided by USPTO from the IFW Image Database on 01/30/2007 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1007, Page 000017



What is claimed is: 

[Claim 1] A technique which encodes and decodes the blocks of the prediction error of 

a hybrid encoding and decoding system adaptively in the frequency or in the spatial 

domain. 

[Claim 2] Adaptation control which generates the information for each block if the 

coding in the frequency or in the spatial domain is applied. This is done based on a rate 

distortion criterion. 

[Claim 3] An encoding and decoding technique for the side information which is 

hierarchically structured and uses entropy coding. 

[Claim 4] A scan technique for encoding and decoding the quantized prediction error 

samples in the spatial domain which is fixed or derived from already transmitted prediction 

error images or derived from the prediction image for instance from the gradient of the 

prediction image. 

[Claim S] A technique for encoding and decoding the quantized samples of the 

prediction error using the CABAC technique. 
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ABSTRACT 

Standardized video coding algorithms are based on hybrid coding using motion 

compensated prediction and transform coding of the prediction error. The transform is 

efficient if the samples of the prediction error are correlated. For marginally correlated 

samples, the transform is inefficient. Therefore, adaptive coding in the frequency and in the 

spatial domain is applied. In the spatial domain, scalar quantization is applied. The entropy 

coding of the quantized samples is done in the same way as for the quantized coefficients. 

For each prediction error block, either standardized transform coding or coding in the 

spatial domain is applied. The information about the domain is sent as side information. 
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Fig. 2. Block diagram of the adaptive hybrid video encoder 
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Fig. 4. Scan of quantized samples according to the magni­
tude of the gradient in the prediction image 
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Fig. 5. Measured mean absolute reconstruction error of 
subjectively weighted quantization in the frequency domain 
and absolute reconstruction error of subjectively weighted 
quantization in the spatial domain. QP=26 
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Fig. 6. Block diagram of the adaptive hybrid video decoder 
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