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ABSTRACT 

In this paper, a low-complexity Adaptive Block-size 

Transform (ABT) scheme is proposed for the H.264/AVC.  

The integer 8x8/4x4 discrete cosine transforms with an 

extended relation are applied to the proposed ABT 

scheme for reducing the implementation complexities. In 

the proposed scheme, the 8x8/4x4 transforms can be 

merged together and share the same scale matrix. As a 

result, the transform units and storage resources can be 

effectively saved in both encoder and decoder. The 8x8 

transform extended from the 4x4 transform of 

H.264/AVC can be easily implemented with several 

simple arithmetic operators, and its intermediate results 

can be strictly limited within 16-bit. The experimental 

results show that the proposed ABT scheme based on 

extended transforms achieves a similar coding 

performance to the original ABT scheme for H.264/AVC. 

Index Terms— Adaptive Block-size Transform, Discrete 

Cosine Transform, H.264/AVC 

1. INTRODUCTION 

Adaptive Block-size Transform (ABT) scheme is an 

effective coding tool for image and video compression. It 

is established following the principle that different 

transform sizes have different coding properties. Larger 

transform has a better energy compaction than smaller 

transform, whereas the smaller transform prevents more 

ringing artifacts than larger transform in coded pictures 

[1]. Trading off compaction efficiency and picture quality, 

the transform sizes are adaptively chosen for current 

coded block in ABT scheme. The scheme improves the 

coding performance of codec significantly, especially to 

High-Definition (HD) sequences where high correlation 

exists among sampling signals. It is reported that the 

average Peak Signal Noise Rate (PSNR) gain in HD 

sequences is up to 0.5dB in H.264/AVC [1]. Two ABT 

schemes have ever been successively proposed for 

H.264/AVC. One is Wien’s [2], the other is Gordon’s [3]. 

Wien’s ABT employs 8x8, 8x4, 4x8 and 4x4 four 

transform sizes and the sum of absolute transformed 

differences (SATD) criterion is employed for the 

transform size decision. Gordon’s ABT is a simplification 

and improvement of Wien’s ABT. Only the 8x8 and 4x4 

transform sizes are employed and a more elaborate Rate-

Distortion (RD) criterion is used for the transform size 

decision in Gordon’s ABT. Due to the ABT’s high 

performance, it as a prospect technology is adopted into 

Fidelity Range Extensions of H.264/AVC by Joint Video 

Team (JVT). 

However, ABT scheme introduces additional 

complexity into the codec. It not only needs two 

transforms in different sizes, but also different zig-zag 

scans, loop filters and entropy coding tools for these 

transforms. Moreover, if the RD criterion is used in ABT 

scheme, the current coded block has to been pre-coded 

twice with different transform sizes in encoder in order to 

choose the better transform size for the current coded 

block which increases the computational complexity of 

encoder. Although the ABT complicates the codec, in 

view of the high coding performance, it is still used in 

some applications such as HD sequences coding where 

the coding efficiency is preferred to the complexity. To 

decoder, the ABT scheme almost does not increase any 

computational complexity except some storage resources. 

Thus, the ABT scheme also can be applied to some 

applications emphasizing particularly on decoder. In this 

paper, the ABT scheme based on extended 8x8/4x4 

transforms is proposed for H.264/AVC. The 8x8 

transform is an extension of the 4x4 transform in this 

scheme. Compared with conventional scheme, the 

proposed scheme reduces the complexity for both encoder 

and decoder with a slight coding performance loss.  

The rest of this paper is organized as follows, In the 

section 2, the concept of extended transforms is 

introduced, and then the 8x8 forward/inverse transforms 

which are the extension of 4x4 forward/inverse transforms 
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are designed. In the section 3, some analysis and 

experimental results are given. Finally, the conclusions 

and future work are presented in the section 4. 

2. THE 8X8/4X4 EXTENDED TRANSFORMS OF 

ABT SCHEME 

2.1. The concept of extended transforms

Usually, Discrete Cosine Transform (DCT) is used for 

compressing the spatial signals to transform domain 

signals with more concentrated energy. The relation of 

2N- and N-point DCTs can be illustrated with [4] 
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where the two N-point transform DN
II and DN

IV mean the 

II-type and IV-type DCTs respectively, PN is a NxN

permutation matrix and BN is a butterfly matrix. It is noted 

from (1) that DN
II is a part of D2N

II in the floating-point 

transform naturally. However, to fixed-point transform 

which is often used in practice applications for low 

complexity, due to the different integer approximations of 

floating-point transforms, the II-type N-point integer 

transform and the II-type N-point integer transform 

contained in 2N-point integer transform matrixes are 

different in their integer basis functions. In order to 

simplify the operations of transforms in some applications, 

[5] proposes the concept of extended integer transforms. 

Extended integer transforms means that the N-point 

integer transform is a part of the 2N-point integer 

transform. Taking 8x8 and 4x4 integer transform matrixes 

as a example, if the 4x4 integer transform is expressed as 

matrix (2), the 8x8 integer transform extended from the 

4x4 transform should be expressed as matrix (3) 
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It can be observed from (2) and (3) that the even basis 

functions of extended transform D8 inherit all basis 

functions of 4x4 transform D4. i.e. the D82i,j= D4i,j, (0 i,

j<4). If NxN integer transform matrix is identical to the 

NxN integer transform contained in the 2Nx2N integer 

transform, it is said that the 2Nx2N integer transform is 

extended from the NxN integer transform. 

2.2. 8x8/4x4 forward transforms 

In H.264/AVC, a low-complexity integer 4x4 transform is 

employed [6], which is an approximation of the real 

floating-point 4x4 transform. The integer 4x4 transform is 

expressed as 
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The 4x4 integer transform has a good energy compaction 

and low complexity with only several addition and shift 

operations.  In practice, the C4 is a core transform matrix. 

The norms of some rows or columns of the core matrix 

are unequal. Thus, a scale matrix is needed for 

normalizing the core transform matrix. The transform and 

scale process is expressed as  

                          S44CXC4Y )(                          (5) 

where the notation  denotes element-by-element 

multiplication, X is the input data, Y is the output data, and 

S4 means the 4x4 scale matrix. The scale matrix S4 can be 

calculated by 
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According to the extended transform concept, we 

design an integer 8x8 transform for the ABT scheme. We 

expect that the integer 8x8 transform must preserve high 

compaction efficiency. Thus, its basis functions should 

approximate the real transform’s. Meanwhile, these basis 

functions should not be so large that the transform is done 

with simple arithmetic operations and narrow dynamic 

ranges. Thus, the integer 8x8 transform is designed 

according to the following three requirements: 

1) The integer basis functions of each row of the integer 

8x8 transform should correlate closely with 

corresponding floating-point basis functions of real 

8x8 transform where the correlation is measured by 

the cosine of the included angle between them; 
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2) The basis functions of the 8x8 integer transform 

should be represented by the simple integers as 

possible; 

3) The 8x8 integer transform must be an extension of 

the 4x4 integer transform of H.264/AVC, i.e. 

C82x,y=C4x,y, 0 x, y 4.

According to the above three requirements, a simple 

integer 8x8 transform meeting these requirements is 

expressed as 

4

12355321
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where C8 is an 8x8 orthogonal integer matrix. The even 

basis functions of 8x8 transform and the basis functions of 

4x4 transform meet the relation of extended integer 

transforms, C82x,y=C4x,y. Thus, C8 is an extension of C4.

The odd basis functions of C4 are consisted of several 

simple integers (5, 3, 2, 1), which just increases the 

dynamic range by 4.5 bits (log222). The cosine of the 

included angle between the integer array (5, 3, 2, 1) and 

the corresponding float array of real transform (0.4904, 

0.4157, 0.2778, 0.0975) is 0.97 very near to the upper 

limit 1. It therefore has the similar compacting property to 

the real transform. Similarly to the normalization of C4, a 

scale matrix S8 for normalization of C8 is needed. The 

scale matrix S8 is expressed as  
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since C82x,y=C4x,y, 0 x, y<4 thus 
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The division operation by 2 can is implemented with just 

one-bit right shift in hardware environments, such as DSP 

and ASIC. The relation (9) can be employed to merge the 

4x4 scale matrix into the 8x8 scale matrix so that the 

normalizations of 4x4 and 8x8 transforms can be done 

using only the 8x8 scale matrix.   

2.3. 8x8/4x4 inverse transforms

In order to minimize the combined rounding errors from 

inverse transform and reconstruction, the integer 4x4 

inverse transform in H.264 is scaled down by 1/2 for 

reducing the dynamic range [6]. The scale-down 4x4 

inverse transform matrix is expressed as 

5.0111
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115.01

5.0111

~
4C             (10) 

Thus, the 8x8 inverse transform is also scaled down 1/2 

for deriving the extended transform of 4x4 inverse 

transform. The scale-down 8x8 inverse transform is 

expressed as 

8/
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Similarly to the relation of the scale matrixes of 8x8/4x4 

forward transform (9), the relation of the scale matrixes of 

8x8/4x4 inverse transform is easily derived as 
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where 8S
~

and 4S
~

 means the scale matrixes of 8x8/4x4 

inverse transform respectively. The same relation of scale 

matrixes of 8x8/4x4 transforms exists in the inverse 

transforms, too. 

4. EXPERIMENTAL RESULTS 

In the proposed ABT scheme, only the 8x8 

forward/inverse transform units are implemented in codec 

of H.264/AVC. The 4x4 forward/inverse transform 

operations can be done by the 4x4 forward/inverse 

transform part involved in the 8x8 forward/inverse 

transform units. As a result, the 4x4 forward/inverse 

transform units are saved. In H.264/AVC, the scales 
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matrixes of core transforms are merged into the 

quantizater. The scale and quantization can be done 

together. The merging process is expressed as follows: 

)()())(()(

)()(

qpQ̂CXCqpQ//ECXC

qpQ//ECXCY
 (13) 

where the notation // denotes element-by-element division 

and Q means the quantization step size, which is a 

function of the Quantization Parameter (QP) qp. In 

proposed scheme, only the 8x8 scale and quantization 

table )(qpQ̂  is stored. Since the proposed scheme only 

employs the size 8x8 and size 4x4 transforms, compared 

with Wien’s ABT, the proposed scheme saves 

(4x4+8x4+4x8)x6x2x2=1920 bytes storage resources for 

encoder and 960 bytes for decoder. Even compared with 

Gordon’s ABT, the proposed scheme still saves 

(4x4)x6x2x2=384 bytes for encoder. 

The proposed 8x8 transform is implemented into 

reference software JM75. The comparisons are conducted 

between the reference softwares with Gordon’s ABT and 

proposed ABT. The sequences in HD and CIF formats are 

tested. All sequences are coded with a fixed QP in 20, 24, 

28 and 32. The RD optimization and loop filter are 

enabled, two frames are used as reference, and CABAC is 

used as entropy coding tool. 300 frames of each sequence 

are coded as IPP or IBP structure. If the sequence is coded 

as IPP structure, its intra-period is 30, or is 10. The results 

of comparisons are listed in Table 1, where the PSNR 

gains and bitrate savings are calculated using the method 

proposed in [7]. The RD curves of HD sequence Crew in

1280x720 format are shown in Fig. 1. It can be observed 

from the experimental results that the performance of 

proposed scheme slight lower than the anchor scheme. It 

is much worth for the complexity reduction. The reason of 

performance loss is partially that the original entropy 

coding models are not suitable for the new 8x8 transform. 

If the entropy coding models are optimized, a higher 

coding performance is likely to be achieved. 

4. CONCLUSIONS AND FUTURE WORK  

 In this paper, an ABT scheme based on 8x8/4x4 extended 

transforms for H.264/AVC is proposed. The 8x8 

transform in the proposed scheme is extended from the 

original 4x4 transform of H.264/AVC, The extended 

transforms applying to ABT reduce the codec’s 

complexity efficiently. It not only needs fewer transform 

units but also saves more storage resources. Compared 

with original ABT schemes, the proposed scheme reduces 

complexities of codec while maintains the high coding 

performance. Since the extended transforms are applied to 

the ABT scheme, the entropy coding models for original 

8x8 transform may be not suitable for the extended 8x8 

transform any more, which results in the coding 

performance loss. Thus, the entropy coding models for 

8x8 transform will be optimized so that the coding 

performance can be further improved in the future. 
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Fig.1. The RD curves for sequence Crew.

Table 1. Comparisons of sequences coded with Gordon’s 

ABT and proposed ABT implemented into JM75. 

Sequences 
PSNRY 

gains

Bitrate

savings

Coastguard (CIF@30Hz, IPP ) -0.01dB -0.92%

City (1280x720@60Hz, IPP) -0.05dB -1.73%

City (1280x720@60Hz, IBP) -0.04 dB -1.64%

Crew (1280x720@60Hz , IPP) -0.04dB -1.43%

Crew( 1280x720@60Hz , IBP) -0.04dB -1.55%

Spincalendar (1280x720@60Hz, IPP) -0.01dB -0.34%

Night  (1280x720@60Hz,  IPP) -0.05dB -1.44%
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