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This paper presents analytical model on motion-compensated predictive processing of the video signals.
Multihypothesis prediction extends motion compensation with one prediction signal to the linear super-
position of several motion-compensated prediction signals with the result of increased coding efficiency.
The prediction error variances of the multihypothesis pictures are derived and minimized in this paper in
order to find optimal bit allocations. Then, coding gains of the multihypothesis structures are calculated
and compared, which is based on traditional prediction theories. Also, the corresponding rate-distortion
functions are obtained in the closed form. Some experimental results show that more multihypotheses
bring the smaller distortion of signals and hence improve the efficiency of video coding.
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1. Introduction

For a transmission of video signals, sophisticated coding algo-
rithms that utilize motion-compensation are required for a data
compression of the video signal that results in an acceptable pic-
ture quality at the receiver. Motion-compensated coding schemes
achieve data compression by exploiting the similarities between
successive frames of a video signal [1]. Often, with such schemes,
motion-compensated prediction (MCP) is combined with intra-
frame coding of the prediction error [2-4]. Successful applications
range from digital video broadcasting to low rate videoconferenc-
ing.

Many coders employ more than one motion-compensated pre-
diction signal simultaneously to predict the current frame [5]. The
term “multihypothesis motion compensation” has been coined
for this approach. A linear combination of multiple prediction
hypotheses is formed to arrive at the actual prediction signal.
The theoretical motivations for multihypothesis motion compen-
sation have been presented in [6,7]. Block-based multihypothesis
MCP as introduced in [8] was a further effort to model the tem-
poral correlation more efficiently. The approach is based on the
idea that a combination of several prediction hypotheses is better
suited to model complex temporal correlation. This is accom-
plished by selecting and combining several hypotheses from many
previously decoded frames. Multihypothesis MCP has also the
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property to reduce the prediction noise which is introduced by
the MCP model. This property was investigated theoretically in
[3].

Our motivation is to compute performance bounds on coding
gains while using multihypothesis structure over traditional intra-
frame video coding scheme and to compare obtained results to the
established algorithms. In this paper we introduce an analytical,
block-based model for multihypothesis MCP. We propose a video
coding scheme utilizing block-based multihypothesis MCP and dis-
cuss the coding efficiency of different multihypotheses structures
with respect to the number of pictures in the group as well as time
distance between pictures.

This paper is organized as follows. The structure of the
multihypothesis is given in Section 2. The coding gains of the multi-
hypotheses are derived and compared analytically and numerically
in Section 3. The rate-distortion functions are obtained in Section
4, Finally, some concluding remarks are pointed out at the end of
the paper.

2. Structure of the multihypothesis

In contrast to short-term or long-term MCP, we use N blocks
from previous frames in order to predict one block in the current
frame [8]. All blocks which are available for prediction are called
hypotheses. The N hypotheses that predict a block are grouped to
a multihypothesis or N-hypothesis. Constant predictor coefficients
are used to combine linearly hypotheses of a multihypothesis. Fig. 1
shows the process of a prediction. The predicted block is deter-
mined by linear combination of the individual components.
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Fig. 1. Prediction of the multihypothesis.

In the above figure s is the input signal, e is the error sig-
nal, 1 =u(x, y, t) represents a vector with three components: two
spatial, statistically independent components x and y, and one
temporal component t, while each hypothesis is addressed by a
spatial-temporal displacement A =A(Ay, Ay, A¢), which is nor-
mally distributed. This address is relative to the position of the
predicted block. One can see that
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The variance of the prediction error signal o.2 is given by the
conditional expectation of the prediction error E |€2 () ’:

e(u)=s(u (1)
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where ¢s;s is the autocorrelation function of the input signal s. It is
connected with the input signal variance o2 and the correlation
factor p:

| =o0?; E |e(,u)| =0
(3)
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p(0)=1 (4)
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Taking into account this formula, we get the following:
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The correlation coefficient of the distance between two
hypotheses is given by p(A; — Ay) = p(Ay — Aq) = pAr, where
ps is the spatial correlation coefficient and Ay is the distance
between two hypotheses, respectively. The distance between
two hypotheses means the physical distance between two
blocks [9]. The equality between correlation coefficients holds
because the components of the displacements A; and A,
for both hypotheses are identical and independently Gaussian
distributed [3].

When N=1, we obtain the case with only predictive P-frames.
For N=2 hypotheses, the variance of the prediction error is given
by

N
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Fig. 2 represents the prediction with two hypotheses H;
and H, taken from the previous frame, where A; is the radial
displacement of each hypothesis that means the Euclidian dis-
tance to the zero displacement error vector. We can see that
0<Ajp<2A;. The displacements of the two hypotheses are
given by Aq=A(Ax1, Ay, Ar) and Ay =A(Ax, Ay, Ar), where
\/A2 +A2 = A2 1 A2, = A

Therefore, the correlation coefficients are equal: p(A;)=
p(Az) = pfrpft, where p; is the temporal correlation coefficient.
Taking that all into account, we obtained the variance of the pre-
diction error for N=2 hypotheses in the form

3 1
ot = |5 ~ 208l + 50t o2 (7)

The prediction error variances are also calculated for the cases
of N=3, 4 and 8 hypotheses as well:
(8)
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Fig. 2. Two-hypotheses prediction.
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