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Abstract

In this paper, a fast algorithm for block motion estimation is presented. Blnary
Transform and CEnter of Mass (BITCEM) object tracking techniques are adopted
in the proposed algorithm. In this algorithm, the block difference is used to find the
maximum pixel value regarded as the reference to define the moving object area in
the block. Via binary transform, we greatly reduce the computation in this step.
Sub-sampling method is used here to further achieve the computation reduction.
Then, we calculate the center of mass of the moving object to quickly estimate the
direction of the moving object. According to this direction, we adaptively arrange a

different search point pattern to each block.
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Different video motion types are classified by the percentage of (0,0) BITCEM
motion vectors. we classify the image sequences into three categories: quasi-still,
slow movement and fast movement, based on the movement of the center of mass.
Furthermore, the BITCEM motion vector and the temporal-spatial correlations are
used to estimate the initial search point based on the video motion type.

The furnished simulation results show that the BITCEM can achieve a speed-up
ratio from 14.0 to 21.8 with only 0.7 %-9.6 % increase of the mean square errors

(MSE) as compared to the full search algorithm in various scenarios.

Keywords : adaptive, block-based motion estimation, center of mass estimation,

object tracking, spatio-tempral correlations.
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| ~ Introduction

Several fast algorithms, such as the three-step search (TSS), new three step
search (N3SS), and four step search (4SS) algorithms have been developed to
reduce the computational complexity by reducing the number of checking points.
Based on the characteristic of center-biased motion vector distribution, the N3SS
and 4SS algorithms for improving the performance of the TSS on the estimation of
small motions were proposed in [7][4]. They not only employed the characteristic
of center-biased motion vector distribution but also used the halfway-stop
technique to speed up the stationary or quasi-stationary blocks matching.
Simulation results in [7][4] show that the N3SS and 4SS are much more robust, and
produce smaller motion compensation errors as compared with the TSS. On the
other hand, there are some researches focused on the one-bit transform techniques
for motion estimation. For instance, in [1] the one bit transform (1BT) was used to
indicate whether a pixel was an edge pixel or not. The advantage of this
representation is that the distortion between the reference block and the search
block can be computed using the exclusive-or (XOR) function very efficiently. Its
performance, however, is not good enough. In this paper, the proposed BITCEM
algorithm is a totally novel method to do the motion estimation. We introduce the
center of mass technique and the one-bit (binary) transform concept into our
algorithm. In order to further reduce the computational complexity and make the
algorithm more robust, three more techniques including sub-sampling,
classification of the video motion type, and the initial search point are introduced to

the proposed searching scheme[5].
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Il ~ Preliminary

The idea of center of mass technique has been used in other video applications
[3][6], but the calculation of center of mass requires too much computation so that
a re-definition is needed to reduce the computation. Thus, we transform the gray
level of image to binary level image to reduce the number of operations. From this
bit transform center of mass, we can quickly compute the BITCEM of moving
object in the block and roughly estimate their motion direction. Three more
techniques are employed to reduce the computational complexity and increase the
picture quality. In the following, we will discuss all the techniques used in the

proposed searching scheme.

1 ~ Center of Mass via Binary Transform
The extra effort in calculating the center of mass (CEM) of nonmotion area is
useless, so we redefine the center of mass to be the CEM of motion area in order to
save calculation effort. To define the CEM, we make the following assumptions:
A The object in block will not distort during moving, which is the assumption of
rigid object motion.
A There is only one moving object in one block and the whole object has the
uniform gray level.
A The object will not move outside this block.
We do the binary transformation to each block to make every pixel into a
bi-level value and assume the motion part of block is P. P(i,j) = 1 means (i, j) pixel

is moving, while P(i,j) = 0 means it is still. The BITCEM is defined as:
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where  1(7, ) :gray level of (i),
(7, /) :coordinate of center of mass,
(M ,N) :dimension of block
Obviously, we can avoid the multiplication and division in calculating
BITCEM by using Equations (1) and (2). Hence, this BITCEM formula greatly

reduces the computation complexity.

2 ~ Tracking of moving object direction and the BITCEM motion vector

Before we decide the moving object of one block, we further assume that the
moving object of a block is larger than 5x5 pixel area to avoid the false decision
caused by noise. Because the movement of the object would cause the gray level
difference, we subtract the predicting block By from the reference block By.; to get
the block difference (BD). A moving object is supposed to locate at the position
that has the largest BD value.

Furthermore, we also use the motion vector of the same block in the reference
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frame to help us finding the reference gray level of the moving object. According
to the motion vector, we can find pixel (i’,j’) with the largest gray level difference
locating at the most remote part of that direction and then subtract the above
coordinate by 5 to the reverse motion direction to get Ik(i",)") , the reference gray
level of the moving object of block k.

After we get the reference gray level I(i",j”) of the moving object, we can use
equations (1) and (2) to find the BITCEMs of the predicting block B k and the
referenced block By.; of the moving object. The following are our steps:

(1) Use 1,(i,])£TH as the threshold, if 1, (i, j) falls within this range let
P (i, j)=1 , else let P (i, j)=0. Hence, Pxrepresents the bi-level pixels of

the moving object in the predicting block By .

(2) Use equations (1) and (2) to get (i, , j, ), the BITCEM of the predicting block

By .

(3) Use I,(i,J)£TH as a threshold, if 1 (i, j) falls within this range let

P, (i, J)=1,¢elselet P_,(i, j)=0. P is the bi-level pixel of referenced block

By-1 .

(4) Use Equations (1) and (2) to get(i, ,, j,_,), the BITCEM of the predicting

block By.1 .

The TH value is based on human visual perception of spatial characteristic. In
this experiment, we choose Th = 40 to get the BITCEM motion vector (m1,m2) by

the following equations.
ml= Round (i, —i,_,) (3)

m2=Round(j, - j._,) 4)
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In the above discussion, we assume the BITCEM motion vector equal to the
motion vector of the moving object. In fact, the above assumptions do not always
hold so that it would affect the precision of the BITCEM motion vector, hence
instead of directly adopting the motion quantity of the BITCEM, we use the
BITCEM of moving object to determine the direction of the block motion. In the
following subsections, we will describe three more techniques to reduce

computation further and achieve better picture quality.

3 ~ Sub-Sampling

In order to get the BITCEM of a 16x16block, 256x2subtractions and
256x2comparisons will be required. To reduce the searching points, the
sub-samplings of the bi-level image with sub-sampling rate 1, 2, 4, 8 result in
precision decreased. To trade off between computational complexity and picture
quality, sub-sampling rate 4 would be an acceptable compromise.

Figure 1. shows the bi-level image of “Flower Garden” with sub-sampling rate

1,2,4,8.
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Sub-Sampling rate = 2 Sub-Sampling rate =4 Sub-Sampling rate = 8

4 ~ Classification of Video Motion

In order to compensate the BITCEM motion error incurred by sub-sampling
(especially for the fast moving frames), we use the percentage of the BITCEM with
motion (0,0) to classify the video motion type. There are three types of video
motion, Quasi-still, slow-movement, and fast-movement. Table 1 lists the
classification of the video motion type according to the BITCEM (0,0) motion
vector distribution. By using this information, we allocate different searching point

patterns to different video motion type.
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Table 1. Classification of video motion type Video type Still block percentage

Video type Still block percentage

Quasi-Still 100%~93.75%(15/16)
Slow-Movement 93.75%~75%(12/16)
Fast-Movement 75%~0%(0/16)

5 - Estimation of Initial Search point

From the published research [2], we find that the spatial and the temporal
correlations of the moving blocks are the very important characteristics to be
explored,

(1)In the consecutive frames, the moving object is almost at the same speed, so
that motion vectors of the same block at consecutive frames has very high
correlation.

(2) The motion vectors of the neighboring blocks in the same picture frame are
almost the same.

Hence when the motion vectors of certain blocks are determined, we apply
linear prediction model [8] to predict the motion vectors of the related blocks.
Let MV(i, j, k) be the motion vector in the kth frame (i, j) block,
then MV(i, j, k) = E[MV (i, j, k)] + dMV(i, j, k), (5)

The E[MV(i, j, k)]is the initial estimation of motion vector formulated as Eqn. (6).

E[MV(|1 j1 k)] = Z/lp,q,k MV(I - P j_q1 k)+ Zﬂ'p,q,k—lMV(i -p j_q’ k_l) (6)

p,qeW1 p,qew 2

where p, q are the coordinate difference of the neighboring blocks and the
predicting block.
Ap,q.k and A p,g,k-1 are the weighting coefficients.
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A p,g.k, is the spatial correlation of MV(i, j, k), and A p,q,k-1is the temporal
correlation of MV(i, j, k). W1 and W2 are the selected area in the kth and k-1th
frame, respectively. Figure 2. illustrates the concept of Linear Prediction using
temporal-spatial correlations as formulated in Egn. (6) .

Figure 2. the concept of Linear Prediction using temporal-spatial correlations.

0.125

0.75 0.125 .

K-1th frame kth frame

11 ~ The proposed fast block motion estimation scheme

In the proposed scheme, we use the percentage of (0,0) BITCEM motion
vector of the previous frame to classify three video motion types. Based on the type,
we can give different initial searching point. According to our experience,
BITCEM motion vector is suitable to be the initial search point in quasi-still and
slow-movement video motion type. As for the fast movement video motion type,
initial search point estimated by linear prediction model will be more precise.

For near still and slow-movement frames, we focus the search on its
surrounding points. For fast-movement frame we search more on outside points.
We also introduce alternate checking point pattern into our scheme in figure 3.

According to the different situations of BITCEM motion, we propose different
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searching point patterns and different searching strategies for different directions of

block motion and different video motion types, respectively in figure 3 to get more

precise motion estimation.

As for the non near-still, whatever the block motion direction is, the first step
search pattern contains 3x3 points close to the center in order to employ the
characteristic of center-biased distribution and precisely estimate a slow motion
sequence. As for the four types of motion direction (horizontal, vertical, sloped,
inverse-sloped), in addition to the nine points close to the center, we add eight
points in a circular shape around the center and four to six more points along the
motion direction in order to predict a fast motion sequence and increase the
precision of search along that direction. In the next step, we allocate four or eight
points, alternatively around the best match candidate of the first step to get the final
motion vector. The proposed algorithm is described as follows:

1 ~ Compute the BITCEM motion vector by equation (1-4).

2 ~ Classify the video motion types according to the percentage of (0,0) BITCEM
motion vector.

3 ~ Assign the initial motion vector according to the video motion type determined
by step 2. BITCEM motion vector is suitable to be the initial search point of
video types of quasi-still and slow-movement; for video types of fast movement,
linear prediction model in equation (6) is used to compute the initial search
point.

4 ~ Refer to figure 1 to start the first round search point pattern from the initial
search point.

5 ~ Use the best matching point in step 4 as the initial search point to start the next
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round search pattern refers to figure 3.

6 ~ If the best match point is (0,0), stop the search and go to step 7, else continue

on searching with the next round search pattern.

7 ~ Get the final motion vector.

Figure 3. The proposed block matching flow and the arrangement of search point
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IV ~ Experimental results

We compare the full search (FS), three step search (TSS), and four step search
(4SS) with the proposed BITCEM algorithm.
We use the following criteria to evaluate the performance of each algorithm.
1 ~ Average mean square error

Since we focus on the block matching not on the whole coding scheme, we
only compare the difference between the predicted frame and the original frame.
Note that we do not use the reconstructed frame for comparison to avoid the DCT
quantization error.
2 ~ Picture deterioration percentage

This term represents the MSE/pel of each algorithm divided by that of the FS
algorithm.
3 ~ Complexity/block

The complexity means the equivalent searching points of each algorithm.
Take BITCEM as an example, since each search point needs 256 subtractions and

255 additions, the complexity of BITCEM is calculated as follows:
Complexity = Search Points + BITCEM Computation /511.

4 ~ Speedup

This term represents the complexity/block of each algorithm divided by that of
the FS algorithm.

From Table 2, we see that the proposed algorithm can greatly reduce the

computational complexity so that it is faster than the TSS and 4SS in all sequences
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only except for the football case. The algorithm is faster 13 to 20 times than the FS.
This result verifies the motive of our proposed scheme. That is, via the calculation
of BITCEM motion vector, we can allocate the search points to the right position
by giving the fast movement video the looser search point pattern and giving the
quasi-still or slow-movement video the more concentrated search point pattern to
avoid getting into local minimum.

In addition, the proposed algorithm still maintains a competitive picture
quality although it has fewer search points. Except that the quality in Football is
ranked the third among the compared algorithms, the quality in all other sequences

is ranked the second just behind the FS algorithm.

V ~ Conclusion

In this paper, a fast block matching algorithm based on the video motion type
using the technique of center of mass object tracking via binary transform is
proposed. The main purpose of the proposed scheme is to predict the motion
direction and motion quantity of the block for increasing the efficiency of matching
process (including speed and precision). The key technology used includes the
estimation of block moving direction (object moving direction), the arrangement of
search point pattern, determination of the initial search point, classification of the
video motion type, and the sub-sampling.

Experimental results show that the proposed algorithm is not only an efficient
block matching algorithm to reduce the computational complexity, but also a pretty

robust method to fit in all benchmark sequences.
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Table 2. Performance comparison of BITCEM, FS, TSS, and 4SS

Search Propos
Sequences FS TSS 4SS
Algorithm ed
MSE/pel 8.83 8.99 9.03 8.98
CLAIRE Deterioration % 0.0 18 2.3 1.7
(352*288*91)  Complexity/block 204.28 2328 17.37 10.00
Speedup % 1.0 8.8 11.8 20.4
MSE/pel 11.78 12.4 12.23 12.13
MISS
Deterioration % 0.0 5.3 3.8 3.0
AMERICA
Complexity/block 204.28 235 18.65 10.59
(352*288*91)
Speedup % 1.0 8.7 11.0 19.3
MSE/pel 26.93 27.84 2762 27125
SALESMAN  Deterioration % 0.0 34 2.6 1.2
(352*288*91)  Complexity/block 20428 2324 16.21 9.36
Speedup % 1.0 8.8 12.6 21.8
MSE/pel 266.19  312.02 289.02 276.61
FLOWER Deterioration % 0.0 17.2 8.6 3.9
(352*%240*91)  Complexity/block 202.05 2325 18.89 14.46
Speedup % 1.0 8.7 10.7 14.0
MSE/pel 380.65 411.85 42417 417.15
FOOTBALL Deterioration % 0.0 8.2 114 9.6
(352*%240*91)  Complexity/block 202.05 23.09 18.04 14.42
Speedup % 1.0 8.8 11.2 14.0
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Search Propos
Sequences FS TSS 4SS

Algorithm ed

MSE/pel 182.26  237.12 210.95 209.36
TABLE

Deterioration % 0.0 30.1 15.7 14.9
TENNIS

Complexity/block 202.05 23.32 19.06 14.26
(352*240%91)

Speedup % 1.0 8.7 10.6 14.2

MSE/pel 34854  362.18 354.82 349.96
MOBIL &

Deterioration % 0.0 39 1.8 0.4
CALENDER

Complexity/block 202.05 23.02 15.85 12.39
(352*240%91)

Speedup % 1.0 8.8 12.7 16.3

MSE/pel 39.65 4277 4185  41.73
BIKE Deterioration % 0.0 79 55 5.2
(352*%240*91)  Complexity/block 202.05 2318 19.22 13.76

Speedup % 1.0 8.7 10.5 14.7

MSE/pel 41.03 4282 4282  41.98
CARPHONE  Deterioration % 0.0 44 44 2.3
(176*144*91)  Complexity/block 18456  21.6 15.98 10.23

Speedup % 1.0 8.5 115 18.0
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