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Abstract— A motion compression method
by min s-norm composite fuzzy relational equa-
tions (dual-MCF) is proposed, where a motion se-
quence is divided into intra-pictures (I-pictures) and
predictive-pictures (P-pictures). The I-pictures and
the P-pictures are compressed by using uniform
coders and non-uniform coders, respectively. A de-
sign method of non-uniform coders is proposed to
perform an efficient compression and reconstruction
of the P-pictures, based on the dual overlap level of
fuzzy sets and a fuzzy equalization. An experiment
using 10 P-pictures confirms that the root means
square errors of the proposed method is decreased
to 82.9% of that of the uniform coders, under the
condition that the compression rate is 0.0055. An
experiment of motion compression and reconstruc-
tion is also presented to confirm the effectiveness of
the dual-MCF based on the non-uniform coders.

1 Introduction

Fuzzy relational calculus can be applied to image
processing schemes by normalizing the brightness
level of original images into [0,1] [1]. A motion
compression method based on max t-norm compos-
ite fuzzy relational equations (MCF) has been pro-
posed in [2]. In this paper, a dual-MCF is proposed
by replacing the max t-norm composite fuzzy rela-
tional equations of MCF with the dual ones, i.e., min
s-norm composite fuzzy relational equations. A mo-
tion sequence is decomposed into intra-pictures (I-
pictures) and predictive-pictures (P-pictures) in the
dual-MCF. The I-picture corresponds to the origi-
nal frame of the motion, and the P-picture is ob-
tained by subtracting the reconstructed images of
I-picture and the original frame of the motion. The
I-picture and P-picture are compressed by using uni-
form coders and non-uniform coders, respectively.
In order to perform an efficient compression and re-
construction of P-pictures, a non-uniform coders de-
sign method is proposed. It is based on the dual
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overlap level of fuzzy sets and a fuzzy equalization.

Section 2 shows a formalization of the dual-MCF.
A design method of non-uniform coders for the com-
pression of P-pictures is presented in Sec. 3. In Sec.
4, an experiment using 10 P-pictures shows the ef-
fectiveness of the proposed method. Furthermore,
an experiment using tennis motion (extracted form
standard motion imagery [3}) is also presented to
confirm the effectiveness of the dual-MCF based on
the non-uniform coders.

2 Formalization of Dual-MCF
2.1 An Overview of Dual-MCF

A motion compression method by min s-norm com-
posite fuzzy relational equations (dual-MCF) treats
motion (an image sequence with size M x N) as
fuzzy relations R = {Rxlk =1,...,5} C F(XxY),
X = {z1,...,zm}, Y = {y1,-..,y~} by normal-
izing the intensity range of each pixel into [0, 1],
where, k indicates the index of time sequence. In
the dual-MCF, the motion is divided into intra
pictures (I-pictures) and predictive pictures (P-
pictures) shown in Fig. 1. The I-picture corresponds
to the original frame of the motion, and the P-
picture is obtained by subtracting the reconstructed
images of I-picture and the original frame of the mo-
tion. Figure 2 shows an example of an I-picture and
a P-picture of tennis motion [3]. The motion is com-
pressed by the dual-MCF as shown in Fig. 3, i.e., I-
pictures are compressed by U-ICF (Image Compres-
sion method based on Fuzzy relational equations,
Uniform coders type [1]), while P-pictures are com-
pressed by N-ICF (ICF, Non-uniform coders type).

2.2 U-ICF

The compression of U-ICF is performed by the min
s-norm composite fuzzy relational equations. The

U-ICF compresses the I-picture R,(CI) € F(XxY)of
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Figure 1: A sequence of images in dual-MCF

Figure 2: An example of I-picture (left) and P-
picture (right)

a motion R only, where Rff) is defined by

R" = Ry. (1)

The I-picture is compressed into Gg) e FOIxJ)
by

G, ) = L%iE {Bj(y) s min {Ai(x) s R,(f)(w,y)}} .
2)

where s indicates a continuous s-norm, while A4; €
A C F(X) and B; € B C F(Y) stand for coders.
The coders A and B are defined by

A = {ALAs... A1), 3)
Ai(zm) = 1.o—exp(—5h(%—m)2>, (4)
(m=1,2,..., M)

and
B = {Bi,Bs,...,Bs}, (5)
Bi(yn) = 1.o—exp(—5h(1?—n)2>, 6)

(n=1,2,...,N),

where Sh denotes the sharpness of fuzzy sets A;
and B;. The distribution of coders is uniform, there-
fore, the image compression process is called U-
ICF (image compression and reconstruction based
on fuzzy relational equations, Uniform coders). The
compression rate can be adjusted by the number of
fuzzy sets I x J contained in coders A and B. After-
words, as can be seen from Fig. 3, the compressed
image obtained by U-ICF or N-ICF is compressed by
Lempel-Ziv coding method. The compression rate
is defined as

p __File size of compressed image

(7

File size of original image
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The image reconstruction corresponds to an inverse
problem under the condition that the compressed

image Gg) and the coders A and B are given. A
reconstructed image Rff) € F(X xY) is given by

RO (o) = max { B )8 min { 4:@)8 GG }
(8)

where 3,» denotes the s-relative pseudo-complement
defined by

afsb = inf{c € [0,1]|as’c > b}, (9)
and a s-norm s’ should be selected such that
a,be[0,1], asb>as’h. (10)
2.3 N-ICF

The P-picture RSCP) (e F(XxY)) is compressed and
reconstructed by N-ICF unit shown in Fig. 3, where

the P-picture Rfcp) is obtained by

RP(z,y) = {(Rk(a?,y) - Rfjjl(z,y)) + 1.0} /2.0,
(z,y) eX x Y.
(11)

Equation (11) means the subtraction and the bias.
In the case of fuzzy relational equation theory, the
universe of discourse corresponds to closed unit in-
terval [0,1], i.e., minus real numbers cannot be
treated. Therefore. the bias of Eq.(11) should be



performed. In the case of N-ICF, the compres-
sion and reconstruction are also done by Eqs. (2),
(8)-(10), respectively. However, the distribution of
coders A and B of N-ICF is different from that of
U-ICF. The N-ICF can focus different parts of the
image by changing allocation of the fuzzy sets of
coders, non-uniformly. Therefore, the N-ICF is use-
ful for the compression/reconstruction of the line
image that is often observed in P-pictures shown in
Fig. 2 (right).

3 Non-uniform Coders Design
for N-ICF

In the N-ICF, non-symmetric Gaussian coders are
defined by ’

A = {Ay,As,... AL}, (12)
1.0 — exp (—Shl(ff"t) (Af — m)z) ,
Aem) = goomsAL
1.0 — exp (—Sh,,ig’ht (45 - m)?),
if m > Af,
(13)

(m=1,2,..., M),

where AS denotes the center point of the fuzzy set

A;, while, Shl(:}"t) and Shg’;‘,{t stand for the shape
of the fuzzy sets A;. The distribution of the coder
(expressed by Shf:}"t) Shi‘?;,zt, and Af) is adjusted
by the following steps. For simplicity, the coder A

is only considered.
1. Calculate the standard deviation o(z,,) given
by

o@m) = {3 (B @m,2) = B@m)?}, (1)

yeY

1
E(zm) = 5 D R (@mv),

yeY

(15)

(m=1,... M).

2. Calculate the equalization index o /I defined

by
or/l = % Z o(z).
TEX
3. Start from the lower bound of X, i.e., z1. Pro-
ceed toward higher values of X computing the
moving value of the summation,

Z o(z).

zeX

(16)

(17)

Stop once the value of this summation has
reached the value of o7 /I and record the cor-
responding value of the argument as m; (region
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of fuzzy set A; € F(X), see Fig. 4 (left)). De-
termine the center point A¢ of m; (see Fig. 4)
(right)).

4. Initialize the coder A defined by Egs. (12) -
(13).

5. For the A,_1,A; € A, the dual overlap level
a(A,--l,Ai) Of Ai—l and Ai,

o(Ai-1,Ai) = max {min(Ai-1(z), 4i(z))},
IEXE:)—I)
' (18)
where XE?_I) = {Tm € X|AS_; < Ty < AS} is

computed shown in Fig. (4) (right).
5-A) If a(Ai_1,4;) > aopt + €, then SKUAY)

= right
of A;_1 and Shl(:,"t) of A; are decreased, where
Qopt denotes the optimal overlap level 0.15 and
€ stands for a tolerance which is set at 0.05.

5-B) If a(A;—1, Ai) < aopt — €, then Shg’z;,zt
A;_1 and Shz(:ft) of A; are increased.

5-C) If aoppt — € < a(Ai—1,4;) < aopt + €
then the adjustment process of 4;_1 and A; is
stopped.

6. Repeat step 5 for the successive fuzzy sets in
A.

of

In this method, the first and the last fuzzy sets in
A are defined by trapezoidal membership functions
shown in Fig. 4 (right)).

The coder B is also designed according to the
above process.

Value

s

, Cd
- | - 1 = 4 £
1

x imlm|z|n|[m] =

Figure 4: Standard deviation o(z) of the proposed
method (left) and an example of a non-uniform
coder A (right)

4 Experimental Comparisons

4.1 A Comparison of Non-uniform
Coders with Uniform Coders

In order to show the effectiveness of the non-uniform
coders, an experiment of compression and recon-
struction of P-pictures is performed. In this exper-
iment, a comparison of the non-uniform coders ob-
tained by the proposed method with uniform ones
(Egs. (3)-(6)) is presented. Ten P-pictures (e.g.,



Table 1: RMSE comparison

Uniform
8.741

Non-uniform

7.247

RMSE

Fig. 2 (right)) of size M x N = 384 x 240 are com-
pressed into size of I x J = 88 x 60 by the non-
uniform coders and the uniform coders, respectively.
The compression rate p is 0.0055 (with entropy cod-
ing). The average of RMSE (Root Mean Square
Errors) of the reconstructed images obtained by the
non-uniform and uniform coders is shown in Table
1, where the RMSE is defined as

RMSE = \/z(z,y)exm{

(R(z,y) - R(z,7))’
X x Y] ’

(19)

4.2 Motion Compression and Recon-
struction

An example of motion compression/reconstruction
by the dual-MCF is presented, where the original
motion (the size of each frame M x N = 384 x 240
) is shown in Figs. 5, here, the original frame 1 cor-
responds to the I-pictures, while, the original frame
2,3, and 4 correspond to the P-pictures. Therefore,
the original frame 1 is compressed and reconstructed
by U-ICF, under the condition that the number of
fuzzy sets in coders I x J is 172 x 120. The frame
2,3, and 4 are compressed and reconstructed by N-
ICF under the condition that the number of fuzzy
sets in coders I x J is 88 x 60.
Figures 6 show the reconstructed images.

Figure 5: Original frames

5 Conclusions

A motion compression method by min s-norm com-
posite fuzzy relational equations (dual-MCF) has
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Figure 6: Reconstructed frames

been presented by replacing the max t-norm com-
posite fuzzy relational equations of MCF {2] with
the dual ones, i.e., min s-norm composite fuzzy re-
lational equations. In the case of dual-MCF, a
motion sequence is divided into intra-pictures (I-
pictures) and predictive-pictures (P-pictures). The
I-picture and P-picture are compressed by using uni-
form coders and non-uniform coders, respectively.
In order to perform an efficient compression and re-
construction of P-pictures, a design method of non-
uniform coders has been proposed. The proposed
design method is based on the dual overlap level of
fuzzy sets and a fuzzy equalization. Through an ex-
periment using 10 P-pictures, it has been shown that
the root means square errors of the proposed method
is decreased to 82.9% of the uniform coders, under
the condition that the compression rate is 0.0055.
Furthermore, an experiments of compression and re-
construction of tennis motion by MCF based on the
non-uniform coders has been performed. It was con-
firmed that the quality of reconstructed motion is
acceptable to recognize the human behavior of the
tennis motion.
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