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Abstract

This paper presents a fast block matching motion es-
timation algorithm utilizing the information on spatial
distribution of local motion vectors. Both the search
center and the search strategy for each macroblock are
determined based on the cityblock lengths of the neigh-
borhood motion vectors so as to increase the accuracy
of motion estimation and achieve high computational
gain. The simulations are carried out using MPEG-
4 Verification Model software. FExperimental results
demonstrate that the proposed algorithm achieves the
objective and subjective quality close to that provided
by full search and at the same time offers a substan-
tially higher search speed.

1. INTRODUCTION

Motion estimation and compensation are employed in
video compression to reduce temporal redundancy be-
tween successive frames in a video sequence and thereby
achieve high compression. Among all motion estima-
tion techniques, block matching algorithm (BMA) has
been adopted by most of the video coding standards in-
cluding recently established MPEG-4 standard [1]. In
the conventional BMA called full search, a block of pix-
els in the current frame is compared with the reference
blocks within a search window of the previous frame for
every possible displacement. Consequently full search
requires a large number of computations. To allevi-
ate the computational burden, a number of fast search
algorithms have been proposed in the past [2].

A higher search speed is obtained by making use of
the spatial correlation property of motion vectors. The
main aim is to select a point called search center close
to the global minimum on the error surface and then
obtain the motion vector by performing local search
around the search center according to a search strat-
egy. The search center may either be predicted from

the neighborhood motion vectors [3,4] or obtained by
choosing the best vector from the set containing the
motion vectors of the adjacent blocks [5,6]. The best
vector is the one which gives minimum matching er-
ror. Thus the search center is always a function of
neighborhood motion vectors. In other words, the al-
gorithms belonging to this family of fast motion esti-
mation schemes assume that these motion vectors are
always spatially correlated. However, this is not always
true because in general both high and low motion ac-
tivity regions are often present in the same frame of a
typical video sequence.

We propose motion vector field adaptive search tech-
nique (MVFAST) which effectively utilizes the informa-
tion obtained from motion vectors of adjacent blocks
for efficient motion estimation. In MVFAST, the mo-
tion activity at the current block position is first de-
termined using the distribution of motion vectors of
adjacent blocks [4]. The motion activity is categorized
as low, medium or high motion. The selection of search
center and search strategy is adaptive to the motion
activity.

2. MOTION VECTOR FIELD ADAPTIVE
SEARCH TECHNIQUE (MVFAST)

A luminance frame is subdivided as a raster of nonover-
lapping blocks with size of 16 x 16 pixels each, called
macroblocks (MBs). The MBs are processed in the
raster-scan order for motion estimation. The two com-
ponents (i.e., horizontal and vertical coordinates) of
the motion vector of each MB are coded differentially
with respect to the corresponding components of the
predicted vector. In MPEG-4, the predicted vector
is the median of the three spatial neighborhood mo-
tion vectors, that are already determined. In the pro-
posed algorithm, we make use of the distribution of the
same three neighborhood motion vectors for the dual
purposes—increasing the search speed and reducing the
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Figure 1: Region of support for the current MB consists
of MBl, MBQ and MB3
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Figure 2: Example of distribution of vectors belonging
to set V. In this case, l,, = 2, [,, = 1, [, = 6; thus
L =6.

bits needed to code the motion vector.

(a) Determination of local motion activity

A motion vector field is a two-dimensional array of mo-
tion vectors of all the MBs in a frame. The local motion
vector field at a MB position is defined as the the set of
motion vectors in the region of support (ROS) of that
MB. The ROS of a MB includes the spatially adjacent
MBs 1-3, as shown in Fig. 1. The local motion vector
field at a MB position influences the estimation and
coding of motion vector of that MB.

Let V = {Vb,V1,V5,V3}, where Vi = (0,0) and V;
is the motion vector of MB; in the ROS (see Fig. 2).
The cityblock length V; = (z;, ;) is defined as

lo; = |zi| + yil- (1)

Let
L=MAX{ly,lyy,lys}- (2)
Thus the motion activity at the current MB position is

defined as follows.

Motion Activity = Low; if L <L,
Medium; if L1 < L < Ly

= High; if L > Lo; (3)

(a) Small Diamond Search
Pattern (SDSP)

(b) Large Diamond Search
Pattern (LDSP)

Figure 3: Search patterns

where Li(= 1) and Lo(= 2) are the cityblock distance
from the center point of the pattern to any other point
on the small and large search patterns (see Fig. 3),
respectively.

(b) Selection of search center

The choice of the search center depends on the local
motion activity at the current MB position. If the mo-
tion activity is low or medium, the search center is the
origin. Otherwise, the vector belonging to set V that
yields the minimum sum of absolute difference (SAD)
is chosen as the search center.

(c) Local search

A local search is performed around the search center
to obtain the motion vector for the current MB. The
search patterns employed for the local search are shown
in Fig. 3. Two strategies are proposed for the local
search and their choice depends on the motion activ-



ity identified. If the motion activity is low or high,
we employ small diamond search (SDS). Otherwise, we
choose large diamond search (LDS) [2].

i) Small diamond search (SDS):

Step 1: Small diamond search pattern (SDSP) is cen-
tered at the search center, and all the checking points
of SDSP are tested. If the center position yields the
minimum SAD, then the center represents the motion
vector (i.e., no motion); otherwise, go to Step 2.

Step 2: The center of SDSP moves to the point where
the minimum SAD was obtained in the previous step,
and all the points on SDSP are tested. If the center
position yields the minimum SAD, then the center rep-
resents the motion vector; otherwise, recursively repeat
this step.

ii) Large diamond search (LDS):

Step 1: Large diamond search pattern (LDSP) is cen-
tered at the serch center, and all the checking points
of LDSP are tested. If the center position gives the
minimum SAD, go to Step 3; otherwise, go to Step 2.
Step 2: The center of LDSP moves to the point where
the minimum SAD was obtained in the previous step,
and all the points on LDSP are tested. If the center
position gives the minimum SAD, go to Step 3; other-
wise, recursively repeat this step.

Step 3: Switch the search pattern from LDSP to SDSP.
The point that yields the minimum SAD, is the final
solution of the motion vector.

Table 1 summarizes the methodology for selection
of search center and search strategy depending on the
motion activity at the current MB position.

Note that the origin is always included as one of
the search points in all the cases. Furthermore, a large
number of motion vectors in the video sequences (e.g.,
talking head sequences) are equal to (0,0) due to their
low-motion content. For such video sequences, the
speed of motion estimation can be further increased
by detecting no-motion activity simply based on the
SAD at the origin. Therefore, we suggest an optional
phase, called early elimination of search, as the first
step in motion estimation as follows.

(d) Optional Phase : Early elimination of search

The search is terminated immediately when the SAD
obtained at (0,0) is less than a threshold T', and the
motion vector is assigned as (0,0). Due to this, a much
higher computational gain is achieved at a graceful
or unnnoticeable degradation of quality, particularly
for the video sequences containing low-motion content.
Note that this option of early elimination of search can
be disabled by imposing 7' = 0.

Motion Search Center Local
Activity Search
Strategy
Low Origin SDS
Medium Origin LDS

The position of the
High vector in the set V that SDS
yields minimum SAD

Table 1: The decision table for the proposed algorithm

3. EXPERIMENTAL RESULTS

Our proposed MVFAST is embedded in the MPEG-
4 version-2 Verification Model (VM) software, and its
performance is compared with full search (FS) and dia-
mond search (DS) [2] algorithms that are already avail-
able in the VM [1]. For the simulations, the perfor-
mance is measured in terms of the average value of
PSNR for luminance component (Y) and the number
of search points. The computational gain or speed-up
factor with a fast motion estimation algorithm is de-
fined as the ratio of the total number of search points
required for FS to that required for the fast algorithm.
The typical MPEG-4 test video sequences, with 300
frames (rectangular VOP) each in CIF format, are used
to examine the performance. The search range of (-16,
+15) (i.e., with the search window size 32 x 32 ) is con-
sidered. The video sequences are encoded at the target
bit rate of 112 kbits/sec and target frame rate of 10
frames/sec.

Case-1: Early elimination of search is disabled

Table 2 gives the average value of PSNR (Y) for
FS, DS and MVFAST with T' = 0. We observe that
the PSNR of MVFAST is close to the PSNR for FS and
better than that for DS. For Coastguard, the proposed
algorithm gives same PSNR as FS. The comparison of
computational gain for DS and MVFAST is shown in
Table 3. MVFAST is about two times faster than DS
on average.

Case-2: Early elimination of search is enabled

Emperically, it is found that about 98% of the MBs
whose SAD at (0,0) is less than 512 have zero motion
vector. Hence, we choose T' = 512 in our algorithm
MVFAST and enable the early elimination of search.
Comparing with the results obtained in Case-1, we ob-
serve that there is slight difference in the PSNR values.
The computational gain has remained nearly the same
for Coastguard, Foreman and Table Tennis whereas it
has increased appreciably for News.



4. CONCLUSIONS

The motion vector field adaptive search technique (MV-
FAST) presented in this paper makes use of the knowl-
edge on the distribution of motion vectors in the neigh-
borhood of the current macroblock position to decide
the search center and search strategy. Experimental
results show its high performance in terms of both av-
erage PSNR (on Y component) and computational gain
for all types of video sequences. This makes it suitable
for real-time video encoding applications.

Sequence FS DS | MVFAST
News 34.85 | 34.78 34.76
Foreman 30.04 | 29.59 29.92
Coastguard | 27.05 | 26.44 27.05
Table Tennis | 30.69 | 29.90 30.50

Table 2: Average PSNR(Y) values in dB for F'S, DS and
MVFAST (with early elimination of search disabled;
ie., T=0)

Sequence DS | MVFAST
News 70 149
Foreman 43 82
Coastguard | 49 97
Table Tennis | 58 119

Table 3: Computational gain achieved with DS and
MVFAST (with early elimination of search disabled;
ie., T=0)

Sequence PSNR(Y) | Computational Gain
News 34.75 209
Foreman 29.92 84
Coastguard 27.05 97
Table Tennis 30.49 128

Table 4: Average PSNR (Y) and computational gain
for MVFAST (with early elimination of search enabled
and T=512)
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