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Abstract— H.264 is the latest video standard that 

promises significantly better video compression efficiency than 

previous ITU-T and ISO/IEC standards.  It achieves better 

performance due to its improved motion compensation 

accuracy. However, it involves an exhaustive motion search 

across all block sizes and all reference frames. In this project, 

we explore the correlation between motion vectors of 

neighboring blocks/macro-block partitions, and use it to reduce 

the motion search space. Our results show that it is possible to 

reduce the motion estimation time considerably, without any 

significant performance degradation. We propose two methods 

to find the correlation, and discuss performance-complexity 

trade-offs for both of them. 

 

I. INTRODUCTION 

All video coding standards use block based motion 

compensation to reduce the bit rate. Motion compensation 

involves finding the ‘closest’ block from the previously 

coded frame. Closest neighbor is found based on the least 

mean square error (MSE) or sum of absolute differences 

(SAD) between the two blocks.  

H.264/AVC motion search is quite complex because it 

takes into account a lot of different parameters [1].  

1) It supports a range of different block sizes and sub-

partitions (16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4). 

2) It supports half-pel and quarter-pel accurate motion 

search. 

3) It supports multiple numbers of reference frames, and 

different search-ranges.  

Doing an exhaustive search is computationally very 

expensive, and adds significant complexity to the encoder. 

A full search at each point in the search window of [-R, +R] 

samples, requires (2R +1)
2
 SAD computations per block. A 

number of approaches have been proposed to reduce the 

motion-search complexity in [2], [3] and [4].   

Gallant et al. have proposed a low-computation motion-

search algorithm in [5]. It restricts the search around a 

predicted motion vector, and achieves reduced encoding 

time and lower bit rates. Encoding a motion vector for every 

partition can cost a significant number of bits, a motion 

vector prediction heuristic is used, and the difference 

 
 

between the current motion vector and the predicted motion 

vector is transmitted.  

Our experiments on H.264 reference code show 

(section IV) that motion estimation alone can take as much 

as 40-60% of the total encoding time with full search for a 

16x16 search window. For a larger search range, the 

fraction of encoding time spent time on motion estimation 

increases rapidly. So our focus was to come up with a 

predicted motion vector based on the MVs of the 

neighboring blocks and reduce the search space whenever 

possible. 

For the scope of this project, we have defined 

‘performance’ as the video quality in terms of PSNR, and 

‘complexity of motion search’ in terms of time taken for 

motion estimation.  

The report is organized as follows. In section II we 

discuss how the motion vector is predicted in the reference 

code. In section III, we describe two techniques to predict 

motion vector based on correlation between different 

blocks. In section IV and V, we present results and 

conclusion. 

II. MOTION VECTOR PREDICTION IN H.264 

In this section, we will discuss the motion vector 

prediction as described in the H.264 followed by a 

description of motion estimation in the reference H.264 

encoder [6]. 

Motion vector prediction is a common technique used 

to reduce the bits required for encoding the motion vectors. 

The encoder only needs to transmit the difference between 

the predicted and the computed motion vectors. 

Motion vectors of adjacent blocks have high 

correlation, so they can be used to predict the motion vector 

for the current block. If the current macroblock partition is 

labeled E, A is the uppermost macroblock partition directly 

to the left of E, B is the leftmost macroblock partition 

directly above E, and C is the macroblock partition above 

and to the right of E (Figure 1 and Figure 2).  Conventional 

motion vector prediction, such as the one implemented in 

the H.264 reference code works as follows [7]. 

 

1. For transmitted partitions except for 16x8 and 8x16 

partition sizes, the motion vector prediction is the 

median of the motion vectors in A, B, and C. 
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Figure 1.  Current and neighboring partitions (same 

partition sizes 
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Figure 2.  Current and neighboring partitions (different 

partition sizes) 

 

2. For 16x8 size partitions, the motion vector prediction 

for the upper 16x8 partition is taken from B and the 

motion vector prediction for the lower 16x8 partition is 

taken from A. 

3. For 8x16 partitions, the motion vector prediction for 

the left 8x16 partition is taken from A and the motion 

vector prediction for the right 8x16 partition is taken 

from C. 

4. For the skipped macroblocks, a 16x16 motion vector 

prediction is generated as in case 1 above. 

 

The H.264 reference code does the motion estimation 

for each block in a hierarchical fashion, starting with the 

bigger macroblock partitions.  Table 1 describes the order 

in which motion search is conducted and the best motion 

vector chosen. In this project we have tried to reduce the 

complexity of the pel accuracy motion search. 

 

Algorithm 1 

For each macroblock do { 

• Do ME for all blocks of size 16x16, 16x8, and 8x16 

• Do ME for all blocks of size 8x8 for 8x8 DCT 

• Do ME for block size 8x8, 4x8, 8x4, and 4x4 for 4x4 
DCT 

• Choose the best pel motion vector 

• Do sub pixel ME 

• Choose the best sub-pel MV 
} 

Table 1.  Psuedo code for Motion Estimation in 

reference encoder 

III. ADAPTIVE REDUCTION IN MOTION SEARCH SPACE 

Based on the correlation between the current block and 

its adjacent blocks, we predict a motion vector. Then we do 

a restricted search around the predicted motion vector and 

the center of the search space. In this section we describe 

our approach to reduce the search window. 

 

A. Search window reduction: 

H.264 reference code uses a squared shaped search 

window of edge (2×search_range+1), say centered at C. 

Lets say that our predicted motion vector is MVb. If the 

distance, d, between C and MVb is small, then we only 

search at candidate motion vectors that are close to C and 

MVb
1
. For example, if the distance d is 1 pel or less, then 

we perform the motion search on candidate motion vectors 

enclosed in a circle of radius search_range/4 (Figure 3 a). 

If d is larger than 1 pel, then we draw a circle centered at 

the mid-point of C and MVb with radius given by 

min(search_range, max(range/2, d/2)). We confine our 

motion search to the motion vectors that lie in the 

intersection of the circle and the square. Figure 3 shows 

the search regions (in gray). When C and MVb nearly 

overlap, as in Figure 3.a, we get a search space reduction 

of nearly 95%. In the worst case (Figure 3.d) when the 

MVb is too far away from the center, we only search in the 

semi circle biased towards MVb. This gives us a search 

space reduction of 60%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.   Reduction in search range based on the 

location of our predicted motion vector (MVb) 

 

 

 
1 Ideally the boundary of these points would be a ellipse but we have 

used a circle for our experiments and explanations 
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B. Computation of the predicted Motion Vector (MVb) to 

bias the search space 

In this sub-section we discuss our approaches to predict 

the motion vectors more accurately. Some of these 

predictions are more complex than the one used in reference 

encoder but we offset the added complexity with great 

savings in motion estimation time. 

 

1. Use predicted motion vector from the reference code: 

Initially, we thought that the center of the search 

window is the location of the current block that is under 

motion estimation. We wanted to use the reference 

code generated predicted motion vector (MVp) as our 

MVb. Figure 4 shows the prediction error between 

MVp and computed MV for the first 50 frames of the 

foreman and table sequences. Considering that most of 

the blocks are at zero distance from MVp, using it to 

bias our search seemed like a good idea. However, 

while implementing this, we realized that the reference 

model already considers MVp as the center of the 

search space. After going through more literature, we 

found that this idea is thoroughly studied in [5]. 

Henceforth, we will refer to this type of prediction as 

the original prediction. 

 

 
 

 

Figure 4.  Probability density of the difference between 

actual MV and predicted MV (statistics measured over 

50 frames of Foreman and Table sequence) 

 

2. SAD based motion prediction: The motion vector 

prediction in the standard is quite simple. Although it is 

accurate for most cases, but it does not take into 

account any measure of ‘closeness’ of the current block 

to its adjacent blocks. We measure this closeness by 

computing the SAD between the current block and its 

adjacent blocks. We set the predicted motion vector 

(MVSAD) as the motion vector of the neighbor which 

has the minimum SAD with the current block. 

Predicted motion vector for the current block  

MVSAD = MVAi  such that 

  SADi = min(SAD1, SAD2, SAD3, SAD4) 

where SADi = SAD(Current, Ai) 

 

 

 

 

 

 

 

 

 

 

 

 

 

The statistics for SAD-based prediction are shown in 

Figure 5. SAD-based prediction performs better than 

original prediction, and the resulting search reduction can 

result in a motion estimation speed-up of up to 30-40% 

(section IV). 

 

 
Figure 6.    Error between predicted MV and actual MV 

for the reference code scheme and SAD-based scheme 

 

 

3. Parent-Block based motion prediction: The reference 

code does a full motion search on all block sizes, if 

enabled, starting from the biggest blocks (Figure 7). 

We can use the motion vector of parent as the predicted 

MV of the child. For example, say B is a 16x16 

macroblock and A be one of its 16x8  partition, then 

Predicted-MV (A) = MV(B).. 

Figure 5.   Adjacent blocks used for SAD based prediction 
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Figure 8 shows this prediction is more close to the actual 
motion vector. Although, the Parent-Block approach 
provides us with more accurate predictions, we still need to 
do an exhaustive search for largest block size 
 

 
 
 
 
Figure 8.    Error between prediction MV and actual 
MV for the reference code scheme and SAD-based 
scheme 
 

 

IV. RESULTS 

In this section, we briefly describe the changes we 
made to the reference code and the setup for our 
experiments. Then we present our results for different test 
sequences. 

We modified the H.264 reference code to compute the 
SAD-based and the parent-based motion vector prediction 
as described in section III. To restrict the search space 
(Figure 3), we added a 2D array of size 
(2×range+1)×(2×range+1) to store the intersection of the 
search window and the circle.  The motion search code in 
the software was changed to skip the SAD computation for 
a block if this is disabled by the corresponding entry in the 
2D array.  

We measured the performance and motion estimation 
time for the following three cases: (a) Exhaustive motion 
search in the whole window, (b) Restricted motion search 
based on the MVSAD, and (c) Restricted motion search based 
on MVPARENT. 

The experiments were performed for the first 100 
frames of six qcif sequences, namely, foreman, tempete, 
table, carphone, mobile, and mother-daughter. Frame rate 
was set to 30Hz. We used a search range of 16.  B-frames 
were disabled. All block sizes were enabled.  

Figure 9 and Figure 10 shows our results for table and 
foreman sequence using the three approaches. As we can 
see in the Rate-PSNR plot, both SAD based and parent 
based approaches closely match the performance of the 
exhaustive motion search. And, we save considerable 
amount of motion estimation time. We observe that the 
parent based motion search takes more time than the SAD 
based one. This is because the former needs to do an 
exhaustive search for the 16×16 block. However, it shows 
less distortion than the SAD based approach. This is 
because the parent based approach has already computed 
the motion vector of the current block when it was part of a 
bigger block and is now using that information for 
computing the more accurate motion vector in a smaller 
range.  

Results for the other sequences are attached in 
Appendix 1. They are quite close to the results of the 
foreman sequence. 
 
 
 

Figure 7 Hierarchy of blocks and partitions 


