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Adaptive Motion Tracking Block Matching Algorithms for Video Coding
Jie-Bin Xu, Lai-Man Po, and Chok-Kwan Cheung

Abstract—In most block-based video coding systems, the fast by the center-biased BMA's such as the N3SS, 4SS, and
block matching algorithms (BMA'’s) use the origin as the initial BBGDS. Because a proper predicted initial center makes the
search center, which may not track the motion very well. To 4553 gptimal minimum closer to the predicted search center,

improve the accuracy of the fast BMA’s, a new adaptive motion . \ . -
tracking search algorithm is proposed in this paper. Based on the the center-biased BMA'’s should increase the chance of finding

spatial correlation of motion blocks, a predicted starting search the global minimum with lower search points.

point, which reflects the motion trend of the current block, is In this paper, we propose a new block-based adaptive mo-
adaptively chosen. This predicted search center is found closer tion tracking search algorithm for fast block motion estimation.
to the global minimum, and thus the center-biased BMA'S can |, this algorithm, the correlation of the spatially neighboring
be used to find the motion vector more efficiently. Experimental - - - ;
results show that the proposed algorithm enhances the accuracy mot!on vectors_ IS co_n5|dere_d to track the current block's
of the fast center-biased BMA's, such as the new three-step Motion. The neighboring motion vectors had been used as an

search, the four-step search, and the block-based gradient descentoffset vector to track the motion of the current block in [12]. In

search, as well as reduces their computational requirement. this paper, we use this information to predict the initial search
Index Terms—Motion analysis, motion compensation, video Center, and experimental results show that the predicted center
coding. is closer to the global minimum. Thus, center-biased BMA'’s

such as the N3SS, 4SS, and BBGDS are used to refine the
motion vector.
The rest of this paper is organized as follows. Section
ECENTLY, great interest has been devoted to the stuglydiscusses the interblock motion correlation. The adaptive
of different alternatives and approaches to the problem gfotion tracking block matching algorithm is described in

video compression. The high correlation between successiggction I1l. Section IV reports the simulation results, and
frames of a video sequence makes it possible to achienclusions are given in Section V.
high coding efficiency by reducing the temporal redundancy.
Motion-compensated video coding techniques are extensively
used to exploit the temporal redundancy between successive IIl. INTERBLOCK MOTION CORRELATION
frames. The most popular motion compensation method saviotion objects often cover many small blocks in a general
far has been the block-based motion estimation, which usesving scene, such that the motion fields of the spatial
a block-matching algorithm (BMA) to find the best matchedeighbor blocks may be very similar. In addition, due to the
block from a reference frame. This approach is adopted ¢gantinuity of motion in the temporal direction, the motion
various video coding standards such as ITU-T H.261 [1] ariglds of the temporal neighbor blocks may be highly cor-
MPEG-1/2 [2], [3]. If the performance in terms of predictiorrelated. In other words, the motion field of the current block
error is the only criterion for a BMA, full search (FS)can be tracked from the neighbor blocks’ motion fields in
is the best and simplest BMA. However, its computationghe temporal or spatial direction. However, when the motion
requirement is often too high for real-time implementatiorof objects changes its direction abruptly or the speed of
This has led to the development of many fast BMA'’s [4]-[13]motion is not steady, it is not effective to track the motion
Some well-known and recently developed examples are #ieém the previous-frame motion fields in the neighborhood
three-step search (3SS) [4], the two-dimensional-logaritheh the current block. Moreover, to keep the previous-frame
search (LOGS) [5], the new three-step search (N3SS) [fhotion vectors in the decoder requires a large memory buffer,
the four-step search (4SS) [10], and the block-based gradigsiich will complicate the system. Thus, we only consider the
descent search (BBGDS) [11]. However, most of these faaterblock spatial correlation for the motion prediction.
hierarchical BMA's use the origin of the searching window Fig. 1(a) and (b) gives an example of the motion vectors
as the initial search center and have not exploited the motigiagram and the corresponding picture for Temnissequence
correlation of the blocks among the same image moving objeat.frame 50, which are obtained by FS with-Z search region.
To improve the fast BMA’s accuracy, the motion correlatioThe scene at this moment contains fast motion objects and the
between the neighboring blocks can be used to predict @amera zooming out. It can be observed that the directions
initial search center that reflects the current block’s motiand magnitudes of the motion vectors among the current block
trend, and then the final motion vector can be efficiently founghd its neighbor blocks are very similar if they are in the same
Manuscript received August 25, 1997; revised April 22, 1999. This papQrbjeCt' That means spatial neighbor blocks’ motion vectors are
was recommended by Editor-in-Chief W. Li. a good estimation of the current block’s motion vector if we
The a_uthors_ are'with _the C'ityU'Image Processing Lab, Department @5 determine that they are in the same object.
Electronic Engineering, City University of Hong Kong, Kowloon, Hong Kong . . .
China (e-mail jiebin@image.cityu.edu.hk; eeimpo@cityu.edu.hk). In our work, four causal neighbor blocks as shown in Fig.
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Fig. 1. (a) The motion vectors diagram of tliennissequence at frame 50
and (b) the corresponding picture.

(b)

Fig. 3. Interblock motion vector correlation for the (Bpotball and (b)
Tennis sequences.
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I1l. ADAPTIVE MOTION TRACKING
BLOCK MATCHING ALGORITHM

Bl (4, j-1 BO(L)
G3-1) &5 The purpose of the motion tracking is to make the search

region follow with the moving object by selecting a proper
Fig. 2. Geometry of the four causal neighbor blocks. initial search center. The major advantage is that it can increase
the chance of finding the true motion vector and reduce

B1 represents the previous block in the horizontal directiof‘he computatl_onal requirement if the center—blas_ed BMA's
and B2, B3, and B4 are those in the vertical direction. The?'© USed. It is because the haltway-stop technique of the

interblock motion correlation is defined by the displacemeﬁ nter-b|§sed BMA's can speed up Fhe blocks mat.chlng with
between the current block's motion vector and the meshorter distance between the starting search point and the

motion vector of its four neighbors, which is formulated as global optimum point. More precisely, the proposed adaptive
' motion tracking search algorithm has two stages. The first

. . 1 G stage is an initial search center prediction using the four causal
Dy = Vo — > Vi (1) neighbor motion vectors. The second stage is a center-biased
=1 fast BMA.

Stage 1) Determination of the Initial Search Centdrhe
the t i " ding to the block motion arising in a scene often occupies some block-based
are the true motion vectors corresponding to the blocks gments. Thus, to estimate the motion trend of the current

shown in F'g,' 2. When the magnltude_ Oy is small, t_he_ block, the motion correlation between the current block and
current block’s motion vector should highly correlate with S four neighbor blocks is first determined L&ty with

neighbors’. TheﬁmV distributions based on the FS algorithmi —0,1,2,3, 4, be the motion vectors corresponding to the
for the Football and Tennissequences are shown in Fig. S(ah)lock:s é\s7sr710wn in Fig. 2. Lebiy be the initial search
and (b), respectively. The search regiontig pixels in both window’s center from the origin of the current block. We

d@fine the mean motion vector of the four neighbor blocks as

where Dy, is the displacement antfg;, i = 0, 1, 2, 3, 4,

16 x 16. The distribution is based on the 22 45@lV in each
sequence, and each sequence has 80 frames with 280 blocks — JRR
per frame. From these statistical data, we can find that there are Vi = 4 Z Vai
nearly 90% of the blocks with th§mV inside the 5x 5 area.
As we will see in the next section, this simple measure for When all four neighbor motion vectors are very closé’tn

the interblock correlation can track the current block’s motioit seems that these blocks’ motions are very similar. In this
and provide a robust initial search center prediction. case, we assume that these blocks are within the same moving

(2)

=1
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Fig. 4. MSE comparisons of FS, 3SS, N3SS, 4SS, AMTN3SS, and AMT4SS for tHeo@dall and (b) Tennissequences.

object or in the background region; then the mean vepis

TABLE |

a good motion vector prediction. Therefore, the four neighbor _AVERAGE MSE OF THE FIRST 80 FRAMES AND AVERAGE SEARCH
motion vectors can be used to predict an initial search center

PoINTs PER MOTION VECTOR ESTIMATION FOR THE FIRST 80 FRAMES

V,. Otherwise, there should be no correlation, and then the  Searching Football Tennis
origin is used ad/.,;.. This process can be formulated as Algorithm
g init- p MSE | Search points MSE Search points
. . . FS 156.98 225 132.12 225
Voo V., if max;—; __ 4||Vei— Vall <T 3) 388 176.84 25 186.21 25
init (0, 0), otherwise N3SS 166.04 19.05 164.14 22.55
P 48S 170.28 18.01 156.68 20.09
. ' . BBGDS 173.51 1133 165.30 14.80
whereT is a predefined d|§placement thrgshold.  AMINGSS 16335 18.60 150.79 20.94
Based on the observation of the motion vector distribu-aAmT4ss 167.19 17.72 149.97 18.75
tion characteristic [7], [10], we proposed thrd¢ motion  _AMTBBGDS 169.26 1081 168.71 12.71

prediction methods as follows:
1) center-biased prediction!7p = argming Vil i =

1,2, 3, 4;
2) mean prediction:V,, = round(V,,);
3) mean-biased prediction:V,, = argming |[Vpi —

Viall, i = 1,2, 3, 4;

The center-biased prediction is accorded with the scene in
which the block motion field of a real-world image sequence
is usually gentle, smooth, and slowly varying. However,
this method cannot track some fast movements. The mean
prediction gives an accurate estimation while the assumption
that those blocks within the same moving object is true. From

whereround(.) is the rounding of all elements of the vectorthe experiments, however, we have found that sometimes the
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Fig. 5. Comparison of 3SS, N3SS, 4SS, BBGDS, AMTN3SS, AMT4SS, and AMTBBGDS on average search points per motion vector estimation versus
frame number for the (aJFootball and (b) Tennis sequences.

four neighbor blocks cover too large an area to track thxentervinit. Thus, center-biased fast BMA’s such as N3SS,
small motion. Thus, the mean prediction may lead to largd6SS, and BBGDS are chosen to refine the final motion vector.
prediction error when it fails to track the real motion. OThese three algorithms are using center-biased checking points
the other hand, the mean-biased prediction selects a mipatterns in the first step, which increase the chance for finding
mum displacement from the mean motion vecky, which a global minimum within the central 5 5 area.

represents the object's movement. If the above assumption

of those blocks within the same moving object is right, the IV. SIMULATION RESULTS

predicted start search point is close to the real motion Iocat|on.In this section, we present some simulation results using the

Otherwise, these blocks probably belong to different mOtiquinance component of the first 80 frames of feotball
segments. Then the selection of a minimum displacement Gty tennistest sequences. THeootball sequence consists of
preserve the center-biased distribution property of the motiggmplex motions that range from slow motion to a very fast
field. The mean-biased method can keep a better balanceyftion. In theTennissequence, camera zooming and panning
both of the cases. Experimental results also show that th also involved. The size of each individual frame is 360
mean-biased prediction provides the best results; thus, we opho pixels quantized uniformly to 8 bits. The mean absolute
use this method in this paper. In addition, we do not make aByror (MAE) distortion function is used as the block distortion
prediction and use the origin as the initial search center for thgeasure (BDM). The new adaptive motion tracking (AMT)
first row, the first column, and the last column of each framegearch algorithms using N3SS, 4SS, and BBGDS as the second
Stage 2) Refinement of the Motion Vectdfter the stage stage are named AMTN3SS, AMT4SS, and AMTBBGDS,
one, if there is some interblock motion correction, the motioespectively. In the second stage, the maximum displacement
vector should be very close to the initial search window'® the search region &7 pixels in both the horizontal and the
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vertical directions for 16< 16 block size. In our simulations, T° range from+/10 to /40, the average MSE of the first 80
the estimated frame was formed from the original frame, afichmes using AMT4SS varies from 149.97 to 151.26 for the
the predefined displacement threshlaf (3) is equal to five. Tennissequence and from 168.15 to 167.04 for Heotball
In addition, the mean-biased prediction is used as the inits#équence. The search point average varies from 18.70 to 18.90
search center for all the simulations. and from 17.71 to 17.73 for thEennissequence anBootball

The statistical performance comparisons of FS, 3SS, N3$Bguence, respectively. The variances are all less than 1%.
4SS, BBGDS, AMTN3SS, AMT4SS, and AMTBBGDS inThus, the AMT search algorithm is very robust.
terms of mean-square error (MSE) between the estimated
frames and the original frames are given in Table I. The
MSE comparisons show that the AMTN3SS and AMT4SS
achieved better performance than the original algorithms ofBased on the spatial interblock motion fields correlation,
N3SS and 4SS, respectively. The average MSE’s of the fiR§W adaptive motion tracking search algorithms are proposed
80 frames of the two test sequences using different BMA’s ae this paper. These algorithms exploit interblock correlation
shown in Fig. 4(a) and (b). (For clarity, only the results fot0 Predict the initial search center and use center-biased block
FS, 3SS, N3SS, 4SS, ATMN3SS, and ATM4SS are Show,ﬁr)}a\tching algorithms to refine the final motion vector. Exper-
The AMT improvement can be easily observed from thed@ental results show that the mean-biased prediction AMT
figures, especially in the area where fast motion is involve@€arch algorithms combined with N3SS and 4SS effectively
On the other hand, Table | also shows that the AMTBBGD!S'Proved their performance in terms of mean-square error
performs better than the BBGDS for ti@otball sequence, Mmeasure with lower average searching points. In addition,
while itis slightly degraded for th&ennissequence. This small the determination of the initial search center using mean-
degradation is mainly due to the prediction error propagatiopased prediction is very low; thus the overall computation
which is slightly more difficult to recover using BBGDS as théequirement is always reduced. It can be expected to apply
second stage. That is because the BBGDS is specially desigHjalgorithm to other BMA's as the first stage to improve the
for low-bit-rate video coding applications with very center€Stimation accuracy of the motion vector and enlarge search
biased motion fields. The algorithm is therefore relatively mof€@ in initial motion estimation.
sensitive to local minima around the initial search center.
When large motion estimation error occurs in a block, it REFERENCES
will more easily propagate to the motion estimation of the[1] “Video codec for audiovisual services atx 64 kbit/s,” ITU-T Rec.
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V. CONCLUSIONS



