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Abstract. The H.264/AVC video coding standard performs inter prediction  
using variable block sizes to improve coding efficiency. Since we predict the 
motion in the homogeneous region as well as in the non-homogeneous region 
accurately using variable block sizes, we can reduce residual data effectively. 
However, each motion vector should be transmitted to the decoder. In low bit 
rate environments, the motion vector information takes approximately 40% of 
the total bitstream. Thus, motion vector competition was proposed to reduce the 
amount of motion information. Since the size of the motion vector difference is 
reduced by motion vector competition, it requires only a small number of bits 
for motion vector information. However, we need to send the corresponding in-
dex of the best motion vector predictor to the decoder. In this paper, we propose 
a new codeword table based on the phased-in code to encode the index of the 
motion vector predictor efficiently. Experimental results show that the proposed 
algorithm reduces the average bit rate by 7.24% for similar PSNR values, and it 
improves the average image quality by 0.36dB at similar bit rates. 
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1   Introduction 

The H.264/AVC standard is the latest video codec developed by the joint video team 
(JVT). For higher compression efficiency, H.264/AVC has adopted several powerful 
coding techniques, such as variable block-size macroblock modes, multiple reference 
frames, integer discrete cosine transform (DCT), and efficient entropy coding tech-
niques. For inter prediction, the combination of variable block sizes, SKIP mode  
prediction, and 1/4-pel motion estimation are allowed to improve the motion compen-
sation efficiency. This generates a compression gain with an increase of bits about 
motion information. In low bit rate environments, the proportion of bits for motion  
information takes approximately 40% of the total bit rate [1]. 

After the H.264/AVC standard was established, the video coding experts group 
(VCEG) has attempted new challenges: (1) doubling the compression gain compared 
to H.264/AVC under equivalent quality, (2) reducing coding complexity, and (3) 
enhancing error resilience. In the 26th VCEG meeting, it was decided to establish the 
KTA (key technology area) software, which gathers all efficient tools for video  
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coding. The joint collaborative team (JCT) has been established to develop the high  
efficiency video coding (HEVC) standard. Therefore, the KTA techniques have great-
er importance than before.  

The current version of the KTA software that is based on JM 11.0 contains adap-
tive interpolation filter (AIF), adaptive quantization matrix selection (AQMS), and 
mode dependent directional transform (MDDT). Especially, the motion vector compe-
tition (MVComp) scheme is regarded as an effective coding tool to reduce motion 
vector data. In the MVComp scheme, the combination of spatial and temporal neigh-
boring motion vectors generates motion vector predictors and the optimal motion 
vector predictor is selected by rate distortion optimization (RDO). Since MVComp 
reduces the size of the motion vector difference, it requires only a small number of 
bits for motion vector information. However, the MVComp scheme requires addi-
tional information to indicate which motion vector predictor is used. This additional 
data reduces coding efficiency of MVComp [2]. 

In order to overcome this problem, we propose an efficient coding method to  
represent the index of the optimal motion vector predictor. We assign codewords of 
variable lengths to the index of the motion vector predictor based on the distribution 
of the optimal motion vector predictor. Since the codeword table is based on the 
phased-in code, we can reduce the average length of the codeword for the index of the 
motion vector predictor.  

This paper is organized as follows. We introduce the conventional motion vector 
coding and an overview of competition-based motion vector coding in Section 2. We 
propose a new codeword table for encoding the index of the optimal motion vector 
predictor in Section 3. In Section 4, experimental results are presented and we draw 
conclusions in Section 5. 

2   Overview of Competition-Based Motion Vector Coding 

2.1   Motion Vector Coding 

H.264/AVC supports block-based motion compensation with various block sizes to 
improve coding efficiency. The sizes of block are 16×16, 16×8, 8×16, and P8×8. 
The P8×8 can be divided into 8×8, 8×4, 4×8, and 4×4 in each 8×8 block. Inter 
prediction using motion compensation of variable block sizes predicts not only the 
motion of the homogeneous region but also the motion of the non-homogeneous  
region accurately.  

After motion estimation, we transmit residual data by subtracting a prediction mac-
roblock from the current macroblock. The decoder reconstructs the current macrob-
lock by adding the residual to the prediction macroblock. The decoder uses the  
motion vector to create a prediction macroblock. The motion vector indicates the 
offset from the coordinates in the current block to the coordinates in the reference 
block. Therefore, the bitstream that represents the inter macroblock includes residual 
data and the motion vector.  

In order to represent the motion vector, differential pulse code modulation (DPCM) 
is applied. The motion vector predictor is similar to the current motion vector which is 
determined using motion estimation. Thus, the motion vector difference between the 
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current motion vector and the motion vector predictor is very small compared to the 
current motion vector. Therefore, in terms of coding efficiency, it is better than en-
coding the original value of the current motion vector. The motion vector difference 
Dmv is defined by 

pmvmvDmv −=  (1) 

where mv is the current motion vector and pmv is the motion vector predictor. 
Motion vectors for neighboring macroblocks are highly correlated and the motion 

vector predictor is obtained from vectors of nearby and previously coded macrob-
locks. The method of forming the motion vector predictor depends on the partition 
size and availability of nearby motion vectors. Figure 1 shows the location of neigh-
boring macroblocks to predict the motion vector of the current macroblock. 

 

Fig. 1. Current and neighboring macroblocks 

Let E be the current macroblock, macroblock partition, or sub-macroblock parti-
tion. Let A be partition or sub-partition immediately to the left of E. Let B be the 
partition or sub-partition immediately above E and let C be the partition or  
sub-macroblock partition above and to the right of E.  

The motion vector predictor of the current macroblock E is determined by median 
of the motion vectors for partition A, B, and C.  

),,( CBA mvmvmvmedianpmv =  (2) 

If one or more of the previously encoded blocks shown in Fig 1 are not available, the 
choice of the motion vector predictor is modified accordingly. At the decoder, the 
motion vector predictor is formed in the same way and added to the decoded motion 
vector difference. The motion vector difference is encoded by the singed Exponential 
Golomb code [3]. 

2.2   Motion Vector Competition 

In the MVComp scheme, the encoder organizes the candidate set of all possible  
distinct motion vector predictors for the current block. Since there are a variety of 
motion vector predictors, the size of the motion vector difference is reduced and the 
bits for motion information are also decreased. Therefore, the MVComp scheme 
achieves improvement of coding efficiency. 

The candidate set includes spatial and temporal properties of neighboring motion 
vectors. Figure 2 shows the candidate motion vector predictor set of the current mac-
roblock. The available spatial motion vector predictors are neighboring motion  
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vectors (mva, mvb, mvc) and the H.264/AVC median motion vector (mvmedian). The 
temporal motion vector predictor is motion vector at the same macroblock position in 
the reference frame (mvcollocated). The additional motion vector predictor is zero motion 
vector (mvzero). These motion vector predictors are given for inter mode and SKIP 
mode. In particular, the candidate set of SKIP mode adopts the extended spatial mo-
tion vector predictor. The extended spatial motion vector predictor is slightly different 
from the median motion vector. The extended spatial motion vector predictor depends 
on the availability of neighboring motion vectors. If three neighboring vectors are 
available, it returns the median value of these. However, if only mva is available, the 
extended spatial motion vector predictor becomes mva. In the same manner, the ex-
tended spatial motion vector predictor becomes mvb or mvc according to the availabil-
ity of neighboring motion vectors. If all three neighboring vectors are not available, 
the extended spatial motion vector predictor is zero [4]. 

Current Frame

Reference Frame

amv mv

bmv cmv

colmv

 

Fig. 2. Candidate motion vector predictor set 

In order to select the optimal motion vector predictor among the candidate motion 
vector predictors, we define the rate distortion optimization function. The optimal 
motion vector predictor is selected by minimum rate distortion. 

RDJ λ+=  (3) 

where D is the distortion between the original block and the motion compensated 
block. And λ  is the weighted value which depends on the quantization parameter. R is 
the bit rate which is defined as follows. 

ommmvrm RRRRRR ++++=  (4) 

where Rm is the rate for the macroblock mode and Rr is the rate of residual data. Rmv  
is the rate of the motion vector difference corresponding to the motion vector predic-
tor and Rmm is the rate for the index of the optimal motion vector predictor. Ro is the 
rate of the other components: slice header, coded block pattern, stuffing bits, delta 
quantization, and reference index. The distortion is computed in the spatial or trans-
form domain and the rate components are estimated or really encoded in the exact 
number of bits.  
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For the SKIP mode, the rate distortion optimization is defined by 

)( mmmskipskip RRDJ ++= λ  (5) 

where DSKIP is the distortion generated by the SKIP mode. Rm is signaling of the SKIP 
mode. Rmm represents the number of bits for the index of the motion vector predictor. 
In the MVComp scheme, the fixed length code is used to encode the index of the 
optimal motion vector predictor. Since the size of the motion vector difference is 
reduced by MVComp, it requires only a small number of bits for encoding motion 
vector information. However, it has a disadvantage to encode the corresponding index 
of the optimal motion vector predictor for decoding. 

3   Proposed Algorithm 

3.1   Distribution of Motion Vector Predictor 

For a given inter-coded macroblock, KTA chooses the optimal motion vector predic-
tor from six different candidates of motion vector predictors: mva, mvb, mvc, mvmedian, 
mvcollocated, and mvzero. KTA also provides the additional motion vector predictor for the 
SKIP mode. In order to consider the distribution of the best motion vector predictor, 
we examined the selected motion vector predictor for five different sequences (Akiyo, 
Foreman, Paris, Stefan and Mobile). Figure 3 shows the average distribution of the 
best motion vector predictor for the SKIP mode and the inter mode. The occurrence 
probability of the median motion vector which is selected as the optimal motion vec-
tor predictor is higher than other motion vector predictors for both macroblock types. 
Also, the collocated motion vector predictor is frequently selected as the optimal 
motion vector predictor for the inter mode.  

 

Fig. 3. Distribution of the best motion vector predictor for the SKIP mode and the inter mode 

As shown in Fig. 3, the distribution of the best motion vector predictor is not uni-
form. Therefore, it is more effective to assign the shorter codeword to symbols that 
occur more frequently than symbols that occur less frequently. We design a new  
index table that has codewords with two different lengths. The median motion vector 
predictor and the collocated motion vector predictor have the shorter codeword  
compared to the others. 
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3.2   Motion Vector Predictor Index Coding Using Phased-in Code 

The conventional KTA uses the fixed length code for encoding the index of the  
motion vector predictor. The codeword length of the index is determined by Eq. (6). 

Length= (maxmode/2)+(maxmode mod 2) (6) 

The inter mode uses six different motion vector predictors. The three bits are used for 
representing the index of the optimal motion vector predictor. In the SKIP mode, 
there are seven different motion vector predictors. The four bits are assigned to the 
index of the optimal motion vector predictor. Although the SKIP mode has seven 
different motion vector predictors, the four bits are determined due to Eq. (6).  

In this paper, we propose the efficient codeword table based on the phased-in code 
[5]. We consider the distribution of the motion vector predictor as well as the phased-
in code. The phased-in code has a codeword composed of two kinds of length. In 
general, Data where symbols have the equal probabilities cannot be compressed by 
the fixed length code. Even if symbols have the equal probability, the phased-in code 
assigns the different length codeword to symbols. Thus, we can obtain compression 
effect using the phased-in code. Since the phased-in code is a prefix code, it has no 
ambiguity for decoding the index of the motion vector predictor. Another advantage 
of the phased-in code is easy to encode symbols and decode bitstream.  

The design method of codeword table for the inter mode is as follows [6]. 
 
1)   In the inter mode, there are six different motion vector predictors. The number 

of symbols to be encoded is six. n is equal to six. 
2)  We compute an integer m. m+1 is the minimum number of bits for representing 

each symbol. In order to construct the codeword for the index of the motion 
vector predictor, we need at least three bits. Thus, m is equal to two. 

3)   We compute the p and P. p is n-2m and P is 2m-p. The sum of 2p and P is equal 
to the number of whole symbols (equal to n). In the inter mode, p is two  
(=6-22) and P is two (=22-2). 

4)   Given the integer index of the motion vector predictor to be encoded, if it is 
less than P, the encoder constructs an m bits codeword with the index value. 
For example, if the index value is smaller than two, the index value is  
represented using two bits.  

5)   We construct an m+1 bits codeword for remaining symbols. The codeword has 
value from 2m+1-2p to 2m+1-1. In the inter mode, the index values from two to 
five are converted into the index values from four to seven. The mapped values 
are assigned to three bits codeword. 

 
From the above process, we can design the efficient codeword table for the SKIP 
mode. The SKIP mode has the seven different motion vector predictors. m is equal to 
two and p is three and P is equal to one. If the symbol is smaller than one, the symbol 
is represented using two bits codeword. For reminders, symbols are converted into 
two to seven and are represented using three bits codeword. 

Table 1 shows the codeword of the motion vector predictor for the inter mode.  
Table 1 is based on the phased-in code. The index number zero and five indicate 
the median motion vector predictor and the collocated motion vector predictor,  
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respectively. These indices are converted into values from zero to one and the mapped 
values are assigned to two bits codeword. 

Table 1. The codeword of the motion vector predictor for the inter mode 

Motion vector predictor Index 
Conventional co-

deword 
Proposed  
codeword 

mvmedian 0 000 00 
mva 1 001 100 
mvb 2 010 101 
mvc 3 011 110 

mvzero 4 100 111 
mvcollocated 5 101 01 

 
Table 2 shows the codeword for encoding the index of the motion vector predictor. 

In the SKIP mode, the median motion vector predictor occurs frequently. The index 
that is equal to zero means the median motion vector predictor. We assign two bits 
codeword to encode the index number zero. The remaining symbols are converted 
into values from two to seven and these symbols are encoded using three bits code-
word. 

Table 2. The codeword of the motion vector predictor for the SKIP mode 

Motion vector predictor Index 
Conventional co-

deword 
Proposed  
codeword 

mvmedian 0 0000 00 
mvextended 1 0001 010 

mva 2 0010 011 
mvb 3 0011 100 
mvc 4 0100 101 

mvzero 5 0101 110 
mvcollocated 6 0110 111 

 
The conventional method to encode the index of the motion vector predictor uses 

three bits codeword for each index in the inter mode. The SKIP mode uses the four 
bits for each index. We cannot obtain the performance of MVComp due to the addi-
tional bits for the index of the selected motion vector predictor.  

However, the proposed algorithm based on the distribution of the best motion vec-
tor predictor assigns two or three bits codeword to the index that occurs frequently. In 
the inter mode, we assign two bits codeword to the indices of the median motion 
vector predictor and the collocated motion vector predictor. The remaining symbols 
are represented using three bits codeword. In the SKIP mode, we assign two bits and 
three bits codewords to the median motion vector predictor and other motion vector 
predictors, respectively. We can reduce the average length of bits for encoding the 
index. Thus, we can improve the performance of MVComp. 
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4   Experimental Results and Analysis 

In order to evaluate the performance of the proposed algorithm, we used KTA 2.6 
software [7]. We encoded 100 frames from the four test video sequences in the CIF 
(352×288) format and 50 frames for three test video sequences in the HD (1280×720) 
format. The detailed encoding parameters for the experiment are summarized in Table 
3. When MVcompetition is equal to two, it indicates that we can adjust the number of 
motion vector predictors and the type of motion vector predictor. 

Table 3. Encoding parameters 

ProfileIDC 66 (baseline profile) 
QP 22, 27, 32, 37 

SearchRange 16 
SymbolMode 0 (CAVLC) 

Frame Structure IPPP..P 
MVCompetition 2 
Predictors_SKIP 11111110 
Predictors_MVp 10111110 

 

Fig. 4. Rate distortion curves 

Figure 4 illustrates the rate distortion curves for several sequences. We can confirm 
that the proposed algorithm achieve the improvement of performance, especially in 
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low bit rate environments. The Bjøntegaard delta peak signal-to-noise ratio 
(BDPSNR) and the Bjøntegaard delta bit rate (BDBR) were used to evaluate the  
performance of the proposed algorithm [8]. The negative value of BDBR and the 
positive value of BDPSNR indicate the improvement of encoding performance. The 
results for several test sequences are shown in Table 4. We achieved the average bit 
savings by 7.24% and PSNR improvement by 0.36dB. 

Table 4. Comparison of BDPSNR and BDBR 

KTA Proposed Test 
Sequence 

QP 
 PSNR 

(dB) 
Bit rate 
(kbits/s) 

PSNR 
(dB) 

Bit rate 
(kbits/s) 

 BDPSNR 
(dB) 

BDBR 
(%) 

22 41.13 1112.17 41.14 1093.29 
27 37.64 484.76 37.7 469.11 
32 34.5 241.17 34.54 226.73 

Foreman 

37 31.59 137.84 31.62 123.01 

0.28 -5.80 

22 43.63 284.71 43.63 275.81 
27 40.5 131.63 40.5 121.68 
32 37.08 69.5 37.1 58.8 

Akiyo 

37 34.08 45.18 34.14 34.84 

0.82 -12.15 

22 41.08 4587.66 41.1 4562.02 
27 36.05 2350.19 36.06 2325.79 
32 31.19 912.49 31.21 894.28 

Mobile 

37 27.23 340.5 27.28 326.81 

0.11 -2.02 

22 40.75 1417.67 40.75 1399.53 
27 36.81 758.9 36.81 742.32 
32 32.73 371.55 32.74 356.94 

Paris 

37 29.12 186.05 29.1 171.64 

0.20 -3.39 

22 43.15 10571.76 43.18 10354.1 
27 40.42 4250.4 40.46 3944.11 
32 37.55 2206.15 37.6 1858.94 

Raven 

37 34.89 1427.01 34.94 1065.71 

0.66 -13.19 

22 40.49 21754.41 40.52 21551.56 
27 36.84 6203.86 36.87 5975.37 
32 33.81 2371.3 33.84 2104.59 

Bigship 

37 31.37 1336.58 31.4 1042.93 

0.33 -8.53 

22 42.21 19594.95 42.22 19404.26 
27 39.47 6244.21 39.49 6058.25 
32 37.16 2916.28 37.18 2707.83 

Crew 

37 34.95 1753.92 34.99 1533.1 

0.20 -5.58 

Average  0.36 -7.24 

 
From Fig. 4, we can confirm that the performance of simple sequences such as 

Akiyo and Raven is higher than that of complicate sequences. In the simple sequence, 
the SKIP mode and the 16×16 inter mode are selected as the best macroblock mode. 
However, the complicate sequence chooses the P8×8 mode as the best macroblock 
mode. When we use the proposed algorithm, the amount of reduced bits of the P8×8 
mode is larger than those of the SKIP mode and the 16×16 mode. Since the selection 
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of the P8×8 mode is increased, the video quality is improved. However, the disad-
vantage is that we need to send more bits about information which represents the 
P8×8 mode. Although we reduce the bits for representing the index of the motion 
vector predictor, the bits that indicates the P8×8 mode is increased. From this reason, 
we cannot obtain the improvement of the performance in complicate sequence such as 
Mobile.  

5   Conclusions 

In this paper, we proposed a new index table for encoding the motion vector predictor 
in KTA. We considered the distribution of the selected motion vector predictors in 
both the SKIP mode and the inter mode and we developed the index table of the mo-
tion vector predictor. These tables are based on the phased-in code. We can assign 
less bits to the median motion vector predictor and the collocated motion vector pre-
dictor in the inter mode. In the SKIP mode, the median motion vector predictor has 
codeword of two bits. Experimental results showed that the proposed algorithm  
reduced the bit rate by 7.24% under equivalent PSNR values.  
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