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Abstract— In this paper, we present an new algorithm based on
the Unsymmetrical-cross Multi-Hexagon-grid Search
(UMHexagonS) algorithm and and the Fast Directional Gradient
Descent Search (FDGDS). The experiment results show that this
new algorithm can reduce the motion estimation time with just a
very minor bit rate increase and almost the same image quality.
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I. INTRODUCTION

Block matching motion estimation in video compression is
a technique used to find the best matching image block in the
previous frame from the image block in current frame. The
best matching block is found by using certain similarity
measurement, such as sum of absolute (SAD) or mean of
square error (MSE). However, the SAD is commonly used
because of its simplicity and efficiency.

Obviously, the simplest method is full search algorithm that
exhaustively searches all the points in the search window to
find the best matching candidate. However, it requires lots of
computational operation and is not feasible in most of video
application. For years, researchers have proposed many hybrid
algorithms ([1]-[9]) to tackle the problem of full search, each
adapt different search point patterns, trying to reduce the
motion estimation time without affecting much the video
quality and the bit rate. These algorithms, however, can easily
be trapped in local minimum point, especially in video with
rapid motion scenes.

In H.264 Reference Software, UMHexagonS ([10]) is
adapted as the main search algorithm that is used to find the
best matching block in search window. This algorithm uses
different kind of patterns to find the best matching block, and
it has the early termination strategy to reduce the search time.
This algorithm works very well with both slow and fast
motion video sequences. It runs quite fast and gives accurate
motion vectors, and good rate-distortion performance, nearly
the same as the full search algorithm.

Though the performance of UMHexagonS is good, it could
be improved a little bit more. Lai-Man Po introduces a new
algorithm called Fast Directional Gradient Descent Search
(FDGDS) ([11]). This new algorithm runs faster than the
UMHexagonS. However, it increases the bit rate of
compressed video, especially video sequences with rapid
motion scenes.

By integrating the FDGDS into the UMHexagonS and
applying new search pattern, we can improve the
UMHexagonS algorithm. The experiment results show that
our improvement can speed up the motion estimation time
about 10% to 30% without much loss o f video quality and
rate-distortion performance.

The paper is organized as follow: In section II, the
UMHexagonS and the FDGDS are presented. Next, we will
describe two improvements will be employed in
UMHexagonS algorithm. Finally, the experiment results are
presented to demonstrate the efficient of proposed algorithm.

II. UMHEXAGONS AND FDGDS ALGORITHM

A. UMHexagonS Algorithm

This algorithm consists of many steps, each step uses
different search pattern: unsymmetrical-cross search, s mall
rectangular full search, uneven multi-hexagon-grid search,
extended hexagon based search, diamond search. In Fig. 1, a
demonstration of search procedure in UMHexagonS is
presented with the search range equals 16 and the initial
search point is (0, 0). The UMHexagonS algorithm also has
the early termination strategy to reduce the estimation time.
Fig. 2 shows each step in UMHexagonS and where the early
termination is used.
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Fig.1. Search process of UMHexagonS algorithm, W = 16

There are four methods employed in UMHexagonS
algorithm for prediction. They are median prediction, up layer
prediction, corresponding block prediction and neighboring
reference picture prediction. All these methods and the early
termination are described in ([10]).
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Fig. 2 Flow chart of UMHexagon$ algorithm

B. FDGDS Algorithm

The FDGDS algorithm is based on the one-at-a-time search
(OTS). In OTS, the search is continued in one particular

direction until the minimum point along that direction is found.

In Fig.3, an example of the first OTS-based block matching
algorithm ([1]) is shown. First, the OTS is pe rformed on
horizontal direction, andt hen the OTS is performed on
vertical direction from the minimum point found on horizontal
direction.
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Fig. 3 Example of OTS algorithm

FDGDS uses OTS strategy on eight directions around the
center to search for the minimum point. The algorithm is as
follows:

Step 1: Calculate the block distortion measurement (BDM)
of the search window center and set the value as
CURRENT MIN

Step 2: For each of the eight directions of the point with
CURRENT MIN:

(a) perform point-to-point directional OTS;

(b) set the minimum BDM found in the current
direction as a DIRECTIONAL MIN;

(c) if DIRECTIONAL MIN is found, calculate the
relative rate distortion (RDR) for the current direction. If RDR
< T, update CURRENT_MIN with this DIRECTIONAL_ MIN
and repeat Step 2 (i.e., skip the remaining directional
searches).

Step 3: If no point with DIRECTIONAL_MIN is found, go
to Step 5; Otherwise go to Step 4.

Step 4: DIRECTIONAL MINs are compared. The 1owest
one is set as CURRENT MIN. This is th e end of a search
round. Go to Step 2 with u pdated CURRENT MIN and its
corresponding position.

Step 5: The algorithm is completed. Return with the final
motion vector pointing to the position with CURRENT_MIN.

The RDR for a certain direction is calculated as follow:

DIRECTIONAL_MIN
RDR =

CURRENT_MIN

According to ([11]), the threshold value T equals to 0.5 is
often used because it will keep the balance between the
motion estimation time and the video quality. Fig.5
demonstrates the example of FDGDS algorithm.

The FDGDS algorithm is shown to be more efficient than
the UMHexagonS algorithm in motion estimation time.
However, the bit rate o f video sequences also increase,
especially the video sequences with rapid motion scenes.
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Fig.4.. Example of FDGDS algorithm
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III. PROPOSED ALGORITHM

The proposed algorithm is different from the original
UMHexagonS algorithm in two aspects. Firstly, instead of
using unsymmetrical-cross search and small rectangular full
search, the modified FDGDS is used. Secondly, the hexagon
pattern in uneven multi-hexagon-grid search is replaced with a
new octagon/decagon pattern to reduce the computational
complexity. These two aspects are described in the following.

A. A Modified FDGDS Algorithm

In UMHexagonS algorithm, the unsymmetrical-cross
search and small rectangular full search are used to find the
minimum point from the ini tial point. But here, instead of
using these two search methods, the FDGDS algorithm is used
to quickly find the minimum point on this step to reduce the
computational time. Moreover, in the original algorithm, early
termination has been used in between unsymmetrical-cross
search and small rectangular full search. In order to take
advantage of the early termination, it is integrated into the
FDGDS. The new FDGDS with early termination used in
proposed algorithm is as follows:

Step 1: Calculate the BDM of the search window center
and set the value as CURRENT MIN

Step 2: For each of the eight directions of the point with
CURRENT_MIN:

(a) perform point-to-point directional OTS;

(b) set the minimum BDM found in the current
direction as a DIRECTIONAL_ MIN;

(c) if DIRECTIONAL_MIN is found, try using the
early termination strategy. If early termination could not be
performed, calculate the RDR for the c urrent direction. If
RDR < T, wupdate CURRENT MIN with this
DIRECTIONAL MIN and repeat Step 2 (i.e., ski p the
remaining directional searches).

Step 3: If no point with DIRECTIONAL_MIN is found, go
to Step 5; otherwise go to Step 4.

Step 4: DIRECTIONAL_ MINs are compared. The 1owest
one is set as CURRENT MIN. This is th e end of a search
round. Go to Step 2 with u pdated CURRENT _MIN and its
corresponding position.

Step 5: The algorithm is completed. Return with the final
motion vector pointing to the position with CURRENT MIN.
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Fig.5. Hexagon pattern in UMHexagonS algorithm

B. Octagon and Decagon Pattern

The second improvement applied into the algorithm is for
the uneven multi-hexagon-grid search step. Currently, this
step adopts the hexagon pattern with 16 points shown in Fig.5
to look for the minimum point in large area of search window.
Li Hong-ye introduces the new fast block motion estimation
algorithm ([12]) that use the 8-point octagon pattern instead of
16-point hexagon pattern to reduce the search time. However,
our simulation shows that Li Hong-ye’s method can make the
bit rate of compressed video larger than expected on video
with rapid motion scenes.
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Fig.6. Octagon pattern
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l Windows operating system with the Intel Core i5-2410M
processor. The proposed algorithm is compared with the
@ @ UMHexagonS algorithm in three different aspects: average
PSNR (dB), average Motion Estimation time (s) and ave rage
bit rate (kbit/s). The experiment results are shown in Table I.
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Instead of using one hexagon pattern, here two different
patterns are used alternatively to further reduce the
computational time at this step without much bit rate increase.
The first pattern is the octagon with 12 points shown in Fig.5,
and the second pattern is the decagon with 12 points shown in
Fig.6. In our e xperiment, using these two alternatively will
help cover most points in the search window, meanwhile the
number of search points each round is reduced from 16 to 12.
When performed the search at this stage, two patterns will be
applied alternatively. First, the octagon pattern is used, next is
the decagon pattern, and so on. The whole search process of
proposed algorithm is shown in Fig.8
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IV. EXPERIMENT RESULTS

The proposed algorithm is implemented in JM Reference
Software 9.6 with the following configurations: frame

\ 4

Diamond iterated search

sequence is IPPPIPPP..., sub-pel motion estimation is

disabled, one reference frame, Quantization Parameter value e A4

28, RD Optimzation is turned off. Video sequences: Akiyo, Finish

News, Coastguard, Foreman, Stefan and Container are tested

on the first 100 frames. The reference software is running on Fig.8. Search process of proposed algorithm
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