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ABSTRACT

A new predictive block-matching motion estimation scheme is
proposed in this paper for efficient video codec design. The proposed
scheme is based on the "inertia" effect of natural video scenes and
takes advantage of the motion vectors obtained in the previous frames.
Not only motion searching time and overhead are significantly
reduced, the proposed scheme also provides realistic motion
tendency, which is very useful for frame skipping/interpolation
techniques. These advantages are also demonstrated by some
experimental results obtained on Abekas video system.

1. INTRODUCTION

Motion compensation is a common technique used for low-bit rate
video compression such as the proposed CCITT px64 coding standard
for videophone and video-teleconferencing applications [1]. Recently,
it has been applied to compress full-motion video as well. Motion-
compensated coding systems for TV/HDTV at different quality are
under development. Various coding schemes for full-motion video
with motion compensation at 1 Mbps with VCR quality is also
currently under study by the joint CCITT/ISO MPEG committee [2].
Motion compensation not only significantly improves the compression
efficiency compared to a simple DPCM, it also provides the possibility
for frame skippingf/interpolation without sacrificing the picture quality
if the motion speed and path can be correctly estimated.

Various motion estimation/compensation schemes have been
developed and implemented for interframe video compression. In the
accompanying paper [3], an inter-block predictive pattern searching
scheme has been proposed. It is shown that the proposed scheme
significantly increases the searching efficiency as compared to full-
motion search. In this paper, the predictive pattern searching scheme
is extended to inter-frame estimation, i.e. the motion information of a
block is estimated from that of the corresponding block in the previous
frames.

It is well known from the classic mechanics that an object, once in
motion, will persist in that motion due to the inertia property. By the
same token, we expect that a moving object in a video sequence (say
TV sequence) will have certain "inertia". Indeed, it is very unlikely
that an object only moves in a few consecutive frames and then stops
unless there is a scene change. Therefore, we can estimate the motion
vectors of consecutive frames based on the motion vector information
obtained from the past frames. Our experimental results in the
following section also support this assumption that consecutive video
frames have very similar motion activities including the speed and
tendency unless there is a scene change. This is the principle of the
proposed inter-frame predictive motion estimation scheme. Similar
techniques have been proposed for pel-based motion estimation
[41[51(6]. To the best of our knowledge, this is the first time that a
predictive concept is used for block-based motion estimation.

The most important variable in a block-based searching/matching

scheme is the search area Q which governs the accuracy of the match
and the computational burden. Most of the simplified search
approaches, such as the 2-D logarithmic search, the 3-step search, and
the conjugate direction search, assume that correlation function has a
single peak and decreases monotonically as the search deviates from
the peak in a search region [6]. Experiments show that the correlation
function depends strongly upon the contents of scene, and the search
algorithm sometimes slides to a wrong direction or is trapped by a
false peak. These situations often arise when the motion region
contains highly detailed and complicated images such as narrow, strip-
shaped or net-shaped figures. Hence, the best match for motion

vectors can only be obtained from full search. In the proposed
predictive searching scheme, the "inertia" property of the motion is
utilized to obtain more realistic motion vectors. This property is very
useful in frame skipping/interpolation applications.

2, INTER-FRAME PREDICTIVE MOTION COMPENSATION

In the block-based interframe predictive motion estimation scheme, a
video frame is divided into many blocks. Motion vectors of the initial
frame are calculated either by full-search or any suitable technique. A
buffer is used to store the vertical and horizontal components of the
motion vectors V,(m, n) = (V,;(m, n,), V,;(m, n)). The motion
vectors for a number of consecutive frames are then estimated from
that of the corresponding blocks and a small neighborhood of the
block in the previous frames. Thus the motion vector V;,,(m, n) for
block B;,;(m, n) in frame i+1 is predicted based on motion vectors
Vi(m", n") where m" and n" € A. A is a neighborhood around block
Bi(m, n) in the frame i. Thus the motion vectors for B;+;(m, n) is
given by,

Via(m, n) = E[V;,(m, n)] + dV,,,(m, n)

where IdV,,,(m, n)| < 1Al, the differential motion vector calculated with

a reduced search area A. The initial estimate E[V;,;(m, n)] can be
calculated using an autoregressive (AR) prediction model given by,

E(V,,(mn)} = Y ooV, (m-p,n-q)

P,ge 8

Where {0,q) is a set of prediction coefficients and © can be a causal,
semicausal or noncausal set defined by:

© ={p,q:q>0Vp}U(pq q=0,p>0) : Causal Set
®={p.0:q>0Vp} U {pq q=0,V p#0}: SemiCausal Set
® ={p,q V(p,q e A} Noncausal Set

The estimation process is refreshed periodically by a full search
strategy since a moving object only retains its speed and direction for
a certain period. The benefits from pregdictive estimation are three-fold.
First, the searching area is greatly reduced (e.g. a quarter of the
searching area for refreshed frames), and so is the computational
complexity. Secondly, the motion vector overhead information is
reduced since motion vectors are decorrelated by the prediction
process. Finally, the motion vectors estimated from this procedure are
more realistic since it reflects the real physical phenomena. It is
understood that most motion estimation schemes attempt to minimize
the output data rate, which doesn't necessarily give the realistic motion
vectors because of the complexity and randomness of the real-world
imagery.

Figure 1 shows the inter-frame predictive motion compensation
scheme. In the figure frame i is the refreshed frame whose motion

vectors are calculated by full-search with searching area . The
motion vectors for frame i+] are then found using the proposed
predictive scheme using a reduced search area A for the differential
motion vectors. A very simple model for estimation was used in our
simulations,

E[Vi.(m, n)] = V(m, n)

i.e., the initial estimate for a block was chosen to be the motion vector
for the corresponding block in the previous frame.
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Figure 1: Inter-frame predictive block pattern searching scheme

Combined inter-block/inter-frame predictive searching can also be
used to further reduce the searching complexity. In this case, the
motion vectors of the refreshed frame are estimated by inter-block
prediction scheme proposed in [3] and the motion vectors of
subsequent frames are estimated by inter-frame prediction.

3. INTER-FRAME PREDICTIVE MOTION COMPENSATED
COMPRESSION SYSTEM

The inter-frame motion prediction scheme is tested for a "CAR"
sequence. The video compression system we use for testing the
proposed motion estimation scheme is shown in Figure 2, It is
basically an inter-frame hybrid DPCM/DCT compression scheme.
Due to its robustness and good performance, this scheme has been
used in the CCITT H.261 codec for video telephony [1], in the
CCITT MPEG video compressor for full-motion video 2], and in the
General Instrument's Digicipher video codec for HDTV compression
simulation [7]. The motion compensator is defined to be block-based,
the specific motion searching scheme and error criterion are left open
to implementors in the proposed draft standards. In most simulation
studies, a full motion searching scheme is employed. In this paper, the
proposed inter-frame predictive searching scheme is implemented and
compared with the “"optimal” full search scheme.
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Figure 2. Block Diagram of Inter-frame motion-compensated hybrid
DCTIDPCM
video compression scheme

After motion compensation, the displaced difference frame is block
DCT transformed and uniformly quantized. The quantization process
takes advantage of human visual characteristics and coefficients are
weighted prior to the uniform quantization. Then, the AC coefficients
are zig-zag scanned and run-length coded. The DC coefficients of
adjacent blocks are further DPCM coded to reduce the inter-block
redundancy. Motion vectors are noiselessly coded and transmitted. All
quantities are entropy-coded prior to transmission.

The "CAR" is a full-motion color video sequence in CCIR 601 format
with 720 by 480 per frame, 16 bits per pixel in YUV format (or 24

bits in RGB format) and 60 fields interlaced per second. It is basically
a fast camera panning sequence which is ideal for testing different
motion compensation algorithms. Motion estimation is only
implemented for the Y component, assuming that the U and V
components have the same motion activity.

4, EXPERIMENTAL RESULTS

Motion activities in both vertical and horizontal directions for the
sequence "CAR", which are measured by the full-motion searching
scheme and the minimum absolute difference matching criterion, are
shown from Figure 3(a) and 3(b) respectively. A block size of 8 by 8
and searching area of 16 by 16 are used for the measurement.
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Figure 3(a): Motion Activities in the vertical direction for frame 2, 3 &
4 measured by full search.

It can be easily observed from Figure 3(a) & 3(b) that there is very
slight motion in the vertical direction and very heavy motion is
associated with the horizontal direction. This is consistent with the
actual video observation. The measurement results also indicate that
consecutive video frames tend to have similar motion activities. In
another word, the motion activity in one frame can be well predicted
from the previous frame, which is the motivation for our inter-frame
predictive motion estimation scheme.
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Figure 3(b}: Motion Activities in the horizontal direction for video
frame 2, 3 & 4 measured by full search .



As mentioned earlier a very simple model for prediction was used
where the prediction for motion vector of a block is just the motion
vector of the corresponding block in the previous frame. Figure 4
shows the first-order entropy of the displaced frame difference (DFD)
obtained with full motion search and predictive search and is
compared with the entropy of the simple frame difference with no
motion compensatlon.
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Figure 4: First-order Entropy of Differential Frame Difference (DFD)
Jor no motion compensation, full search with 2 of 24x24 (FMS24) ,
16x16 (FMS16) and
Predictive search 2 is 16x16 with A 4x4.

Although the entropy of the DFD image is higher in case of predictive
search, the entropy of the motion vectors themselves is greatly
reduced as shown in Figure 5. The effect of periodic refresh and
interlacing is also visible in the figure. It can be seen that the entropy
of the motion vectors in predictive search is greatly reduced for both
horizontal and vertical directions.
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Figure 5: Entropy of vertical (mvx) and horizontal (mvy) motion
vectors for full search (FMS) and predictive search (PMS) with Q2 of
16x16.

There is no doubt that full search is optimal, but we can see from
Figure 6 that the signal-to-noise ratio for the reconstructed video
signals in case of predictive search follows closely the full search
performance. The performance of the system can be greatly enhanced
using a more complex prediction model.
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Figure 6: Signal-to-noise ratio of the reconstructed image sequence
using no motion compensation, full search and interframe predictive
search for motion compensation.

5. CONCLUSIONS

A new predictive block-matching motion estimation scheme was
implemented in this paper for efficient video codec design. The
proposed scheme is based on the "inertia" effect of natural video
scenes and takes advantage of the motion vectors obtained in the
previous frames. The benefits from this prediction process are three-
fold. First, the searching area is greatly reduced, and so is the
computational complexity. Secondly, the motion vector overhead
information is reduced since motion vectors are decorrelated by the
prediction process. Finally, the motion vectors estimated from this
procedure are more realistic since it reflects the real physical
phenomena, which is a very useful property in frame
skipping/interpolation techniques. These advantages were also
demonstrated by simulation results including the coded data rate, DFD
entropy, motion vectors and reconstructed signal-to-noise ratio. It
should be pointed out that only a simple prediction model is
implemented in this paper, further results in more general AR models
are currently under study.
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