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Abstract—In H.264 advanced video coding (AVC), 

variable block size motion estimation plays an important 

role in compression of interframes. In this paper, we 

propose a fast inter prediction algorithm based on 

hierarchical homogeneous detection and cost analysis to 

select the best mode effectively.  For each macroblock, 

we first detect that whether the macroblock is spatial 

homogeneous or not. For the non spatial homogeneous 

macroblock, we then perform the 16x16 motion 

estimation and examine if the 16x16 block is temporal 

homogeneous or not. Once the homogeneous macroblock 

is detected in the above process, the best mode will be 

chosen as 16x16 mode. For the non-homogeneous 

macroblock, we then execute 8x8 motion estimation and 

analyze the cost of 8x8 mode and 16x16 mode for 

deciding the best inter mode should be 16x16 mode or 

any other mode. The process for searching the best 8x8 

block subtype is similar to the process for macroblocks. 

Finally, the best inter mode is decided by selecting the 

inter mode with least cost from the candidate modes. 

Experimental results show that our proposed algorithm 

can save about 32~54% computation time without 

introducing any noticeable performance degradation.     

I. INTRODUCTION 

In the digital epoch, people demand more and more 

high-quality multimedia services in their digital lives. 

Nevertheless, with quality increased, we need higher 

bandwidth for trade-off. However, in most portable devices 

like cellular phone and PDA, the bandwidth is limited. 

Therefore, to attain the high quality video with less 

bandwidth, there were many compression standards, such as 

MPEG-1, MPEG-2, MPEG-4, H.261, and H.263, being 

developed for effective video transmission and storage. To 

further increase the compression efficiency, the Joint Video 

Team (JVT), which is organized by ISO MPEG and ITU-T 

VCEG, has finalize a new video coding standard 

H.264/AVC in May 2003 [1]. Experimental studies have 

shown that H.264/AVC can achieve about 50% bit rate 

saving with the similar perceptual video quality compare to 

other existing standards.  

H.264/AVC utilizes many advance features such as 4x4 
integer transform, spatial intra-prediction in I-frame coding, 
1/4 pixel motion compensation, multiple reference frames 
and multiple block size for P-frame coding, context-based 
adaptive variable length coding (CAVLC) and context-based 
adaptive binary arithmetic coding (CABAC) for entropy 
coding, etc [2]. These features help H.264/AVC to achieve 
significantly high compression efficiency. However, these 
features also increase the complexity in H.264/AVC. Take 
variable block size motion estimation for example, there are 
totally seven block sizes, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 
and 4x4. A macroblock can be encoded using one 16x16 
block, two 16x8 blocks, two 8x16 blocks or four 8x8 blocks 
as shown in Fig. 1(a). Furthermore, one 8x8 block can be 
divided into two 8x4 blocks, two 4x8 blocks, or four 4x4 
blocks as shown in Fig. 1(b). To encode a macroblock, we 
have to test all the inter modes to find the best inter mode 
with the least RD cost, which is very time-consuming. To 
reduce the complexity of inter mode decision, there are 
many algorithms being developed to accelerate the encoding 
time with tolerant performance degradation [3], [4].  

In this paper, we will develop a fast inter mode 

decision algorithm to choose the best block type for each 

macroblock. The paper is organized as follows. First, the 

inter mode decision in H.264/AVC will be briefly 

introduced in Section II. In Section III, we will develop a 

fast algorithm based on hierarchical homogeneous detection 

and cost analysis to select the best inter mode effectively. 

Experimental results are shown in Section IV. Finally, we 

conclude the paper in Section V. 

II. INTER MODE DECISION IN H.264/AVC

As we mentioned above, there are totally seven 

different block sizes can be used in interframe motion 

estimation. To select the best inter mode, the reference 

software JM10.1 provided two approaches: (1) RD 

optimization (RDO) and (2) non-RD optimization. The 

former uses the true distortion and true bits of each inter 

mode to calculate the RD cost while the later just adopts the 

sum of absolute Hadamard-transformed differences (SATD) 

and estimated motion vector cost of each inter mode to 

calculate the RD cost. It is obvious that we can achieve the 
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best coding efficiency by using the true RDO method. 

However, it is too time-consuming to implement in real-

time applications. Hence, we will focus on non-RDO 

method, where motion estimation is performed for all 

possible block sizes to choose the best inter mode with the 

least RD cost. The procedure contains two main steps: (1) 

motion vector search of each inter mode, and (2) partition 

mode search. For each inter mode, motion estimation is first 

performed for each block size (16x16, 16x8, 8x16, 8x8, 8x4, 

4x8) to find the best motion vector. The best motion vector 

(vx, vy) for a block size N1xN2 is decided by minimizing a 

cost function: 

JN1xN2
(vx,vy)=SA(T)DN1xN2

(vx,vy)+ (Qp)R(MVDN1xN2
(vx,vy)), (1) 

where the SAD is used for integer pixel motion estimation 

and the SATD is used for sub-pixel motion estimation, are 

defined as follows: 
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In (2), ),( yx vjvif  and ),( jif  denote the (i, j)th element of 

the reference block F and the current block F , respectively. 

In (3), ),( jic  is the (i, j)th element of C , which is the 

Hadamard transform of difference of F and F  depicted as  
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In (1), (Qp) is an approximated exponential function of the 

quantization parameter Qp and R(MVD) represents the rate 

cost contributed by motion vector difference (MVD), is 

expressed as: 

MVD = yyxx vvvv ,                                             (6) 

where ),( yx vv  is the predicted motion vector defined in the 

standard. After motion vector search, we can get the motion 

vector for each sub-block and its corresponding cost Jsb. The 

next step is to find the best partition mode with least cost. 

The cost is defined as follows: 

Jmode =
macroblocksb

sbJ ,                                                  (7) 

where Jmode denotes the cost of the partition mode and Jsb is 

the cost of the sub-block within the macroblock.  

From the above, we can see that the computation 

complexity for deciding the best inter mode is very high 

since the motion estimation is performed for all possible 

block sizes. Therefore, how to accelerate the coding process 

and maintain the coding performance simultaneously is a 

very important subject in H.264/AVC interframe coding. In 

the next section, we will develop a fast algorithm for inter 

mode decision.  

III. HIERARCHICAL HOMOGENEOUS  MODE 

DETECTION AND COST ANALYSIS

A. Homogeneous Detection 

In the original inter mode decision algorithm, we have to 

select the best inter mode from all possible inter modes. To 

avoid the exhaustive search, Wu et al. proposed a fast 

algorithm to early terminate the inter mode search process 

by using Sobel operator and a recommended threshold to 

detect homogeneous blocks [3]. The main concept of the 

algorithm is that homogeneous blocks in the picture would 

have similar motion and are very seldom split into smaller 

blocks. Although this concept is indeed very useful for 

accelerating the inter mode decision process, it is hard to 

deal with some sequences (ex. Mobile) which contain 

complex background because of fewer homogenous blocks. 

The detection of spatial homogeneous blocks always fairs to 

correctly detect the complex-but-still background as larger 

blocks. To handle this problem, we suggest that we should 

first utilize temporal homogeneous detection to further 

improve the coding process. For example, if we find that the 

current macroblock is not spatial homogeneous, we will 

then perform 16x16 motion estimation to get the residue 

block and decide if the macroblock is temporal 

homogeneous or not. If the block is temporal homogeneous, 

the inter mode will also be decided as 16x16 mode. In this 

paper, an N block is said to be temporal homogeneous if 

its residue block satisfies the following condition: 
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In (8), ),( jirk  and kM  represent the (i, j)th element and the 

mean individually of  the kth  sub-block Rk of the residue 

block, which is shown in Fig. 2. Th is an under-determined 

threshold. Here, we use (8) for temporal homogeneous 

detection since it needs less computation than Sobel 

operator but can achieve the similar performance. To 

determine the threshold, Th defined in (8), we can use the 

similar concept like [5], which develops an algorithm for the 

early detection of all-zero blocks. By using its developed 

threshold and make the condition more strictly for avoiding 

performance degradation, we set the threshold is Qstep for a 

4x4 block where Qstep is the quantization step in H.264/AVC. 

Hence, the formula (8) can be written as: 
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B. Cost Analysis 

If the current macroblock is neither spatial 

homogeneous nor temporal homogeneous, we will then 

conduct 8×8 motion estimation to obtain the cost of 8×8 

mode. If we can determine the best inter mode is 16×16 

mode or not in advance by analyzing the costs of 16×16 
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mode and 8×8 mode, we can save more computation.  To 

achieve this, we first assume that the cost of 16x16 mode is 

less than the cost of 8x8 mode, that is:   

exex JJ mod88mod1616                                                     (10) 

exexexex tMVSATDtMVSATD mod88mod88mod1616mod1616 coscos , (11) 

where
eSATDmod
 and 

etMV modcos  denote the total SATD and 

motion vector costs of the corresponding inter mode, 

respectively. In the above condition, because 16×16 mode is 

better than 8x8 mode, it is reasonable to assume that the best 

mode should be selected from 16×16 mode, 16×8 mode, or 

8×16 mode. However, if the following condition satisfies: 

exexexex tMVtMVSATDSATD mod1616mod816mod88mod1616 coscos .   (12) 

We don’t need to perform the 16×8 motion estimation to get 

the cost of mode 16×8. Since  

exex SATDSATD mod88mod816
                                               (13) 

exexexex SATDSATDSATDSATD mod88mod1616mod816mod1616
        (14) 

exexeex tMVtMVSATDSATD mod1616mod816mod6x81mod1616 coscos  (15) 

exexexex tMVSATDtMVSATD mod816mod816mod1616mod1616 coscos (16) 

The inequality (16) means that the cost of 16×16 mode is 

less than that of 16×8 mode. For 8×16 mode, the condition 

is similar to 16×8 mode which just replaces 
etMV mod16x8cos

by 
etMV mod8x16cos  in (12). Thus, the remaining problem is 

how to estimate 
etMV mod16x8cos  or 

etMV mod8x16cos  from 

etMV mod16x16cos  and 
etMV mod8x8cos . It is obviously that 

etMV mod16x8cos  or 
etMV mod8x16cos  is between 

etMV mod16x16cos

and
etMV mod8x8cos , and we can approximate them to the 

average of 
etMV mod16x16cos  and 

etMV mod8x8cos . Therefore, 

the formula (12) can be rewritten as:   

2

coscos mod1616mod88
mod88mod1616

exex
exex

tMVtMV
SATDSATD         (17) 

By using (17), we can choose 16x16 mode as the best inter 

mode without performing 8x16 or 16x8 motion estimation. 

If (17) is not achieved, we then perform motion estimation 

for 8x16 and 16x8 modes and determine the final mode. 

   If the cost of 16x16 mode is larger than that of 8x8 

mode, we then search the best 8x8 block subtype for each 

8x8 block in the macroblock to get the candidate inter mode. 

The process from 8x8 mode to 4x4 mode is similar to the 

above process where each 8x8 block includes spatial 

homogeneous detection, temporal homogeneous detection, 

and cost analysis. Finally, the best inter mode is decided by 

selecting the inter mode with least cost from the candidate 

inter mode, 16x8 mode, and 8x16 mode. 

IV. EXPERIMENTAL RESULTS

To evaluate our proposed algorithm, we test three 

sequences, Foreman, Mobile, and Bus with CIF format 

(352x288).  And the experimental conditions are as follows: 

(1) the sequence type is IPPP…; (2) number of reference 

frame is 1; (3) search range is 3 33; (4) search algorithm is 

full search; (5) entropy coding method is CAVLC; (6) RD 

optimization (RDO) is disabled; (7) Hadamard transform is 

used; and (8) no random intra macroblock refresh in P 

pictures; and (9) the frame rate is 30 fps. Fig. 3 shows the 

RD curves achieved by the original method, only spatial 

homogeneous detection method (OSHDM), and the 

proposed method in different sequences. For the OSHDM, 

the threshold for homogeneous detection is set to 20000 for 

16x16 blocks and 5000 for 8×8 blocks, which is recommend 

by [3]. For the proposed method, the threshold is set to 5000 

for 16×16 block and 1250 for 8×8 block to lessen the PSNR 

degradation. From Fig. 3, we can see that the three curves are 

almost the same in three sequences which means our 

proposed method does not introduce any noticeable PSNR 

loss compare to the original method. Table I shows the time 

saving of motion estimation process of our proposed method 

and the OSHDM in different Qp. From Table I, we can see 

that in sequences with complex scene (Mobile, Bus), the 

time saving of the OSHDM is not so much. Especially in 

Mobile, the time saving is just about 8~9 % due to fewer 

homogeneous blocks. As for our proposed method, we can 

see that the time saving is still high even in complex 

sequences, which also demonstrates our proposed method is 

robust for various kinds of sequences. It is noticed that the 

time saving of our method is increase as Qp increase, which 

is owing to the temporal homogeneous detection by using 

formula (9). Table II shows the mode number per 

macroblock of the original method, the OSHDM, and the 

proposed method. The mode number per macroblock is 

defined as the equivalent 16×16 motion estimation times for 

each macroblock. Hence, for the original method, the 

mode_number/macroblock is always 7. From Table II, we 

can see the similar result and our proposed method can 

reduce nearly 50% mode computation for different kinds of 

sequences. 

V. CONCLUSIONS

In this paper, we first introduced the process for inter 
mode decision in H.264 and then proposed a fast inter mode 
decision algorithm base on hierarhical homogeneous 
detection and cost analysis. Experimental results show that 
our proposed algorithm can deal with not only sequences 
with spatial homogeneous blocks (ex. Foreman) but also 
complex sequences (ex. Mobile, Bus). By using the proposed 
algorithm, we can save about 32~54% coding time without 
introducing any noticeable performance degradation for 
various kinds of sequences, which is very helpful for H.264 
interframe coding. 
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(a) Macroblock types 

 (b) 8x8 types 
Fig 1. (a) Macroblock types (b) 8x8 types 

Fig 2. A Residue block with its sub-blocks.   
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Fig 3. RD curve of sequence (a) Foreman (b) Mobile (c)Bus 

Table I. Time-saving (ME) in different Qp 

Table II. Mode_number/macroblock in different Qp 
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