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1. Introduction

In this paper, we present a hierarchical
method for detecting local features in mov-
ing images. The relaxation processes are
performed on the temporal-spatial pyramid,
which Is a multiresolution data structure of
moving images. Therefore, it becomes possi-
ble to obtain the accurate detection by us-
Ing information in other frame images and
the processing results in high layer of the
pyramid while it is difficult by using only
one frame image.

2. Relaxation Method

Suppose that we have a set objects (A,
Az, ...,An) that we want to classify into m
classes (B,,Bz,...,Bm), and let Pih be the
estimate of probability that A: belongs to
Bn, 1si=n, 1=h=<m. Thus for each i we have
0<Pinsl, and Zh Pin=l. At the same time,
we have the quantitative measure of a com-
patibility of Ain Bh with AjN Bk denoted by
C(i,j,h,k), and C(i,j,h,k) always lie in the
fixed range [-1, 1]. The relaxation iteration
process is defined by([1]

Pin=Pin (1+Qin ) / T n Pin ( 1+Q;n)

Qin = T Dy Ty Pyw C(4,§,0,K).

The weighted coefficients D,y can be defined
by experiments, and I ; Dy = 1.

3. Hierarchical Process

The research for the visual system of hu-
man beings shows that the retina is a array
structure composed of a lot of receivers
with different resolution. When we search
for some objects in a scene, the-interesting
area and global structure in the scene will
be rapidly detected by the low resolution
receivers around the retina at first. Then,
using these information, required details
will be detected by the high resolution re-
ceivers at the concave center of retina.
Based on the fact of hierarchical process of
human vision system, the multiresolutional
data structure and hierarchical method has
become a interesting subject in the field of
image processing[2].

4. Hierarchical Relaxation Method

4.1 Previous Works
Schatcher et al proposed a relaxation
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method for edge detection[3]. In the method,
initial edge ©probabilities and no-edge
probabilities can be estimated from the dig-
ital gradient at each point, and the compat-
ibilities can be based on the edge probabjl-
ities and directions of neighboring points.

We find some unnecessary even contradic-
tory computations were done in definition
of the probability and compatibility in this
method. This does not only make operating
times longer but also affects the detected
results. An improved method was proposed
by considering the edge probability only,
choosing simple operation instead of opera-
tion of trigonometric function, and using
computation of probability increment in-
stead of iteration process of probability. A
hierarchical method was also proposed by
defining weighted coefficients based on in-
formation in high hierarchy, and by interpo- -
lating processing results in low resolution
image to high resolution image[4,5].

4.2 Temporal-Spatial Hierarchy

To extend the hierarchical relaxation
method to detect edges in moving images, we
build temporal-spatial pyramid, which is
formed hierarchically not only on spatial
directions but also on temporal direction.

Hi(X,y,t)= L £ £ Hi-1(2x-1,2y-J,2t-K).
(i, J, k=90, 1

4.3 Temporal-Spatial Relakation

When relaxation process is performed in
temporal direction, it should be considered
to establish motion correspondence for dif-
ferent frames. Relaxation process in a cubic
neighbour region 1is described as below,
assummg that the motion compensation- has
been performed so that the correspondmg
edges are included in the region.

(1) Compatibilities are defined by

R, = -1; for 908° < | a-b | <270°

1; others.
Rz = 1/(1+B) ; for 0° = | a-c| < 90°
1-1/(1+B); for 90° = | a-c | <180° .

"B =mod( | a-c|,90° )/45. '
Here - compatibilities Ri, Rz represent the
effect between the central point (x,y,t) and
neighbour point (u,v,w), a, b, ¢ are the edge
directions at the central point and neigh-
bour point, and the direction of connected
line of these two points, respectively.
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(2) Iteration computation is defined by
Pnew = max [ @, P(1+Q)]; for Q=0
min [ 1, P(1+Q)]; others.

Q=L Dxye P(u,v,w) Ry Ra.
Here PQ is the probability increment, and
Dxy+ is the weighted coefficient which can
be decided by the detecting result in the
high layer of the temporal-spatial pyramid.

4.4 Motion Estimation

Motion estimation should been done for
motion correspondence. A method to estimate
two dimension translation will be described
below, which can be extended to estimate
general three dimension motion.

Let F.(X,y) and Fz(x,y) be the gray levels
at point (x,y) in two successive frames. The
time lapse 4t between the two frames Is
assumed small so that the amount of motion
is also small. At any given spatial location
(x0,y0) the time difference is :

A4F(x0,y0) = F=(x0,y0) - F1(x0,y9).

Assume the amount of two dimension transla-
tion is 4X = Xo' - Xo, 4y = Yo' - Yo. Then,
we have

4F(X0,Yo0) = F2(Xx0,¥0) - F2(x0'-ya0').

We expand Fa(Xo',Yo')=Fz2(Xo*+ 4 X,yo+t 4Yy) in
the above equation into a Taylor series and
take only up to linear terms and get

AF(Xo0,yo) =-4%x 6F/8x - 8y 6F/d6y.

If we have two points which we can assume
to have the same motion, then by calculat-
ing 4F,6F/6x and §F/S8y, we can get two
linear equations. A unique solution to (4x,
Ay) will be then obtained, if the two equa-
tions are independent.

5. Experiments and Results

The experimental result is shown in Fig.1.
Three frames in a image sequence, which are
shown in Fig.1 (a), (b) and (c), were taken in

the experiment. The detecting results by
Sobel operator, hierarchical relaxation
method using one frame only, and the method
presented in this paper using three frames
are shown in Fig.1 (d),(e) and (f), respec-
tively. We see the better detection can be
obtain by the proposed method.

6. Conclusions

We have developed a hierarchical relaxa-
tion method for edge detection of moving
images. Using information in multiresolution
images and frames front and back, the edges
of objects in a scene and their time-variant
locations can be detected with high speed
and high accurac'y by the method. It can be
expected to extend it to detect other fea-
tures in moving images, and to find use in
future research of segmentation, modelling
and understanding of moving images.
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Fig.1 Edge detection for moving images. (a), (b) and (c) are 3 frames in an image sequence,

(d), (e) and (f) are the detecting results by Sobel operator, the hierarchical relaxation
method using one frame only, and the proposed method using three frames respectively.



