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Summary 
Motion estimation and compensation techniques are widely used 

for video coding applications but the real-time motion estimation 

is not easily achieved due to its enormous computations. 

Therefore, it would be greatly beneficial to optimize as much as 

possible the motion estimation bloc which is considered to be the 

most important in terms of computational cost. In this paper, a 

new fast block size selection DSP-based algorithm is presented, 

in which computation complexity is greatly reduced when 

achieving the same video quality. Experimental results show a 

45.75% improvement in speed with no major loss in video 

quality (objective (PSNR) and subjective (SSIM)). 
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1. Introduction 

The new H.264/AVC video coding standard [1] can 

deliver significantly improved compression efficiency 

compared with previous standards, supporting higher 

quality video over lower bit rate channels. Due to this 

improved compression efficiency and increased flexibility 

of coding and transmission, H.264/AVC has the potential 

to enable new video services. However, the performance 

gains of H.264/AVC come at a price of increased 

computational complexity [2].  

The processing overhead required to implement 

H.264/AVC is likely to be a major problem for real time 

application. There is therefore a need to develop low 

complexity implementations of H.264/AVC that offer the 

performance and flexibility advantages of the standard 

without an excessive computational cost. An H.264/AVC 

video encoder typically carries out a number of encoding 

processes including motion estimation, motion 

compensation, transform, quantization and entropy 

coding.In video coding, the high correlation between 

successive frames can be exploited to improve coding 

efficiency, which is usually achieved by using motion 

estimation (ME) and motion compensation technology.  

 

Many ME methods have been studied in an effort to reduce 

the computational complexity of the ME [3-5]. The new 

video coding standard, H.264/AVC, uses variable block 

sizes ranging from 4x4 to 16x16 in interframe coding. This 

new feature has achieved significant coding gain compared 

to coding a macroblock (MB) using fixed block size. 

However, this feature results in extremely high 

computational complexity. 

This paper proposes a fast intermode decision algorithm to 

decide the best mode in interceding process. This pertinent 

DSP-based approach makes use of the spatial homogeneity 

and the temporal stationarity characteristics of video 

objects.  

The rest of the paper is structured as follows. Section 2 

presents an overview of intercoding in H.264/AVC. 

Section 3 presents in detail the fast intermode decision 

algorithm. Experimental results are presented in Section 4. 

Finally, conclusion will be given in Section 5. 

2. Mode selection overview in  H.264/AVC 

Unlike previous standards, H.264/AVC adopts a tree-based 

decomposition to partition a MB into smaller sub-blocks of 

specified sizes illustrated in Figure 1. These different block 

sizes actually form a two-level hierarchy inside a MB. The 

first one includes block size of 16x16, 16x8, or 8x16. In 

the second level, each 8x8 block can be one of the 

subtypes such as 8x8, 8x4, 4x8 or 4x4. The availability of 

smaller ME blocks improves the ability of the model to 

handle fine motion detail and result in better subjective 

viewing quality because they do not produce large 

blocking artefacts. 

 

 
 

Fig.1. Inter modes with seven different block sizes ranging from 4X4 to 

16X16. 

Serious experiments on the test video sequences used in 

JVT Test Model Ad Hoc Group [9] show that there is an 
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average of 35% homogeneous area in a typical video frame, 

and these areas are suitable for larger size inter mode 

coding. Therefore, several cost calculation of small size 

modes can be saved. Based on this consideration, several 

mode decision algorithms were proposed to reduce the 

number of candidate modes [5-8]. 

In [5], many Fast Variable Block-Size (VBS) Motion 

Estimation algorithms were tested before proposing the 

Zoom Motion Estimation (ZME) algorithm structured into 

3 steps: 

 

- Step 1:  

 

In a first step, 16x16 block-size motion estimation is used. 

If the SAD value is smaller than a threshold value V1 that, 

depend on the quantization step QP, the 16x16 block-size 

is kipped as a result and terminate the loop. Otherwise, 

save the SAD value and go to step 2. 

 

- Step 2:  

 

In this step, the MB 16x16 is split into four 8x8 blocks for 

further matching.  

If SAD16x16 > sum of four SAD8x8 then go to step 3, 

else 16x16 blocksize is chosen. 

 

- Step 3:  

 

Each block 8x8 will be split into four 4x4 blocks. 

If SAD8x8 > sum of four SAD4x4 then 4x4 block-size is 

chosen, else 8x8 block-size choice is saved. 

 

The ZME algorithm implementation design is as follow: 

For each position in the search window, 16 4x4 SADs are 

computed and stored. This will allow the computation of 

different sub macro blocks. In fact, The best 16x16 block 

size correspond to the minimum sum of 16 4x4 SADs. In a 

second step, when extracting the best 8x8 block size, there 

is no need to re-compute SAD’s for all iterations since they 

were previously computed and stored. We have just to sum 

respective 4 SAD’s to extract the best 8x8 block size.  

 

When adopting this implementation method, we are 

avoiding the recomputation of SADs for each block size 

type tested. Unfortunately, we are consuming: 

 

Mc= 16*32*W*H= 512 Kbyte of memory. 

Where W=32 and L=32 are respectively width and high of 

the search window.  

3. Proposed block size selection algorithm 

A typical DSP-based VBS motion estimation algorithm is 

proposed in this paper to reduce motion estimation module 

complexity. The proposal of this algorithm is to extract, 

using the SAD criteria, the block-size introducing the 

minimum computational complexity. The SAD is 

computed as sum of absolute differences between every 

alternate pixel in the corresponding blocks of reference 

frame and current frame: 
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In this algorithm, only 16x16, 16x8, 8x16 and 8x8 block-

size for motion estimation are considered. This approach 

will reduce extensively the computational complexity since 

we are eliminating other 3 modes, without affecting the 

overall visual video quality.  

 For better understanding, the proposed organigramme 

explains in detail the different algorithm steps:  
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Fig.2. Fast block size selection algorithm (FBSA) organigramme. 

 

SAD calculation contributes to the most of the 

computational complexity in motion estimation process.  

When implementing the following approach, for each 

iteration, only four 8x8 SAD are computed and stored in 

the internal memory:  

Only 128Kbyte of internal memory, against 512 Kbyte, is 

used to store SADs.  

Only 4 SADs are computed in each iteration, against 16, 

which reduces computational complexity in motion 

estimation process. 

The best SAD of 16x16 block is computed as sum of 

SADs of each of its four 8x8 block, the best 16x8 one is 

the minimum sum of 2 respective 8x8 SADs and the best 

8x16 block size is the minimum sum of 2 respective 8x8 
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SADs. To extract the minimum 8x8 block size, we need 

just to determinate the minimum 8x8 SADs. 

4. Experimental Results 

The block-size algorithm implementation, discussed in the 

present paper has been developed on the TMS320C6416 

digital signal processor (DSP) of Texas Instruments [10] 

based on LETI encoder [11]. JM12.1 H.264/AVC baseline 

encoder is also used to validate the quality performances. 

 

To evaluate the fast block size selection algorithm (FBSA) 

impact on the encoding process, several analysis on three 

sequences test with different characteristics (Figure 3) are 

proposed in this section.  

 

 
 

 
 

Fig.3. Percentages of ME(inter) intra and skip used in Foreman, Mobile 

and Tb420 CIF sequences. 

 

Figures 4, 5 and 6 illustrate cycle’s consumption of the 

motion estimation process for Foreman, Mobile and Tb420 

at common intermediate format resolution (CIF 352x288) 

sequences for QP=38. As shown, the implementation of 

the new block size selection module on the TMS320C6416 

DSP yields a significant reduction in terms of cycles 

account.  

 

Recapitulation results proposed in Table 1 shows that 

FBSA yields to 44.3% improvement in speed performance 

compared to the ZME algorithm for Foreman sequence at 

Qp =38.  The same performance is accomplished for 

Mobile and Tb420 sequence to get respectively 44.4% and 

45.7% improvement. 

 
 

Fig 4. ME process Cycle’s consumption for Foreman sequence at 

QP=38. 

 
 

Fig. 5. ME process Cycle’s consumption for Mobile sequence at QP=38. 

 
  

Fig. 6. ME process Cycle’s consumption for Tb420 sequence at QP=38. 

 
Table 1. Speed performance supported (ME cycles). 

 

Block size selection algorithm 

(Million cycles) 
Sequences 

 
ALL MODES ZME 

 

FBSA 

 

 

Speed 

FBSA/ZME % 

Foreman 524.99 464.11 258.13 44.3 

Mobile 515.11 465.92 251.09 44.4 

Tb420 529.46 462.88 259.02 45.7 

Additional analyses are proposed to provide the process 

implementation impact on both objective (PSNR) and 
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subjective (SSIM) [12] quality which are given by the 

following formula respectively:  

 

                      (1) 

 

with                          (2) 

 

S( i , j) are pixels of source frame, R( i , j) are pixels of 

reconstructed frame and N is number of pixels in one 

frame. 

Table 2 provides a peak signal-to-noise ratio (PSNR) 

comparison between original, ZME and new block size 

selection approaches.  

 
Table 2. PSNR quality performance.  

 

Block size selection algorithm 
Sequences 

 ALL MODES ZME 
 

FBSA  

Foreman 30,73 30.67 30.72 

Mobile 26.81 26.72 26.79 

Tb420 29.50 29.47 29.49 

 

Those results show that, from an objective point of view, 

there is a small quality loss between original and new 

proposed approach. Moreover, an interesting objective 

quality improvement is detected compared to the ZME 

method which support the complexity reduction 

effectiveness and confirm the reliability of the new 

approach. 

 Table 3 shows that these results are subjectively 

confirmed. 

 

Table 3. SSIM quality performance.  

 

Block size selection algorithm Sequences 

 ALL MODES ZME 
 

FBSA  

Foreman 0.9883 0.9882 0.9883 

Mobile 0.9824 0.9821 0.9824 

Tb420 0.9853 0.9852 0.9853 

5. Conclusions 

In this paper, we proposed Fast block size selection 

algorithm for inter frame coding in H.264/AVC 

implemented on the TMS320C6416 DSP. Proposed 

approach is a fast multi-block selection scheme focusing 

on 16x16, 16x8, 8x16 and 8x8 only, which can efficiently 

reduce the computational cost while achieving similar 

visual quality. 

In addition to the 25% memory saving, the speed 

performance (ME cycles) and the quality effectiveness 

(SSIM and PSNR) analysis show that a major reduction in 

the computational complexity is obtained while 

maintaining almost the same quality level. Experimental 

results demonstrate a 45.75 % improvement in speed 

performance with no major loss in video quality.Further 

analysis will be conducting in future search to choose the 

appropriate search pattern. 
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