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ABSTRACT shown in Fig.l,when rigid body moves from
location 1 to location 2,the window also
In this paper attempts have been
focused on using window-tracking technigue

to analyse human body movement.According to
the behavior of human vision system,an 1dea

of rough and precise search-space 15
proposed in order to reduce the
search-space.Some properties of Windows
which fit tracking the joint movements of
the real world human body are
1llustrated.Further discussion on

window-tracking technique 1s presented at
last.

INTRODUCTION

To analyse human body motion
,traditional method 1s to 1indicate the
locations of jJoints 1n each 1mage frame
manually,then calculation of
speeds,acceleration and tra)ectories 15
done by computer.It needs great amount of
Work but the result 1s not very

precise.Another method 1s to put some marks
on the places to be investigated, then
analyse their movements and change,such as
recognition of human emotional expression
done by N.Suwa and others. Besides,
Koichiro Akita adopts a method of segment
and representation under the conduction of
human body model. But his model 1s too
simple, and the 1interrelationship between
1mages 1n the sequence 1s not utilized, so
this method can’'t be used widely.
In this paper We
window-tracking technigue to analyse
body movement.It can be used to
human body motion 1in real world.

adopt a
human
analyse

WINDOW TRACKING TECHNIQUE

1. General window-tracking technique:
Ganaral window tracking technique 15
adopted 1n tracking rigid body motion. As
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tracks from location a to location b. We

express the technique with formula as
follow:
w3
2%
Eib
i Z]a
Fig.l Window- F1g.2

Tracking rigid body Human body model
Define the second frame as f(x,y),

Define the first frame as w(x,y),

then tracking evaluation function 1s:

R(m.n)=§ g{f{x,v)-w(:-m,y-n)]z

Obviously,R(m,n) 1s minimum 1f the window
content of first frame matches that of
second frame.That 15 to find (ao.nolnhzcn

satisfied:
R(m ,n )zmin R(im,n
( o u):m n)Es ( )

.

where s 1s search-space.

2. Human Body Model:The human
represented as the combinatorial body of
rigid bodies approximately.In this case,a
joint 1s a unique point connecting two
rigid bodies.So the movement of human body
can be described 1f the Joints can be
tracked.Because postures of human body 15
mainly described by 13 jJoints,and many
human body movements, such as walking and
running, are symmetry,so we only need to
track 7 joints 1n our experiment.They are
center of head and jJoints on shoulder
,elbow ,wrist, hip, knee and Fig.2ankle,as
shown 1n F19.2.

3. Actual Analysis Technique:
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3.1 Overview: F19.3 1s the block diagram



of the analysis system.The whole process is
composed of two stages: preprocessing and
tracking.In first stage,noi1se 1s eliminated
from each frame by wave filter,and imaga
sequence gray value 1s wunified so that
every image frame has the same average gray
value.In second stage,the window's location
1n present image frame 1s sought according
to the content of the window 1n previous
image frame,and trajectory 1s shown by
tracking results.
T0 analyse the
the joints of the
pointed out
interaction,then

image saquence, first
first 1mage frame are
manually by man-machine
square windows are opened

at each location of joints in first frame
by computer ,so as to track the Jjoints in
next frame .The content of the windows

changes relevantly during the procedure.
3.2 Preprocess

1)Smoothing and
Eliminate Noilse:HWe 5
adopt fast 4
middle-value filter to
eliminate noise of sutput
inputed 1mages.The
structure of the
filter 1S shown as Fig.4
F1g.4
2)Gray Value Uniformation: As the

1mages’ brightness of each frame can’t be
absolutely the same,1t's possible that the
object has different gray value in
different frame.So 1t's neccessary to unify
the gray value of each image frame.
Suppose there are M frames in a
sequence,and each 1mage is made up of n*m
pixels(1in our experiment ,.n=512,m=512).
fk(l,J) 1s the gray value of the kth

image

image ,where kz0,1,...M=1; 121,2...m;
J=1,2...n. Then the average gray valus of
each frame 1s:
1 m n
avg @ — f (i,
% wn i§1 j§1 k{l'J)

The second and the next 1mages are
processed as follow:
step 1:f (1,3)=f (1,3)+ avg -a

K J) k( J) 90 ng

where
step 2:
1. Generating random number w in (0,1)
2. f + < -
k(l.J} 1 if ws [avg0 avgk]

X 1s the take-down i1nteger

fk(1,3)=

fkll.J} otherwise

where [x] =x- x ;k=1,2...M-1.
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3.3 Tracking
Window-tracking 1s the technique which

search location of the window 1n succeeding
image by matching the content of the window

in previous 1image. That is to find
coordinate point (no.nol in succeeding
1mage frame which satisfied formula (2).

The window size and tracking tactics should
be considered.
1) Window Size:As the background of the

image 1s rather complex and may be
different in different frame, what's
more, the surface of human body is

smooth,and the gray value of the pixels 1s
close together,so if the window size 15 too
big,and much background 18 enclosed
,tracking can't be precise.But 1f the
window s1ze 1s so small that the window 1s
in the area of human body,boundaries and
outlines which cause big difference of gray
value will lose.We oget two rules by
experiment.The window should include more
outlines and boundaries so that the gray
histogram of wWindow content has much
difference .At the mean time,the window
should enclosed less background.In fact the
rules are contradictory,soc we have to
consider trade-off when we choose the
Wwindow size.

We sat different window on
joint considering 1ts distinct
chart.l,Lx,Ly each stands for the
s12e ON x-ax1s and y-axis.

different
features.In
Wwindow

Chart.1 The Window Size for Defferent Joint

head |[shouder| elbow
Lxfly| Lx|ly Lx|ly
20|20 28 |20 28 |28

wrist |hip knee |ankle
Lx|ly|lx|ly|lx|ly|lx]|Lly

20|28 |20|28 |28 |28 |20(|20

2)Tracking Tactics: As the background of
human body motion i1mages is real world,pure
tracking methods such as gradient methods
can't be used 1n this case.And because
complex background may cause several
minimum values in search space,global
search 1s neccessary.Based on 1t ,the least
is found as the result of tracking. There
are two constraints to reduce the search
space,
Distance Constraint:The displacement of a
point on the motive 4 object between



succeeding images 1s definite,because the
interval T between two frame i1s very short.
Velocity Constraint:Moving object’s
velocity won't change much 1n T as a result
of 1nteri1a.So the range of a point’s
relevant location 1n succeeding 1mage can
be estimated according to the previous
velocity of the object.

Suppose finished sequent frames are
f , £ ,present frame 15 f i AR point on
k-1' K jg? o ®
moving object has coordinate
(x ,¥ J),(x ,y ) and (x,y) on f , f and
= =1 0 o 7 k-1 k

f separately;Distance constraint 1s t
k+1 d

,velocity constraint 1s t .Then search
v

space sh 15
Sh'shsn shz 5 5 2
where Sh‘- {(x.yi' (x-:oj 4 (y-vo} f Td i
5,5 (06 | (x=2x #x_)+(y-2y ty_)"ST %)
When people want to find an
object,usually they search 1ts location
roughly i1n a big space,then take a further
step to decide the precise location.We
accept this 1dea n searching
technique,adopt a two-step method to reduce
the search space.

Step 1:Rough Search and Match
Rough location can be
scanning the image on
and row.So rough
defined as follow:

obtained by
interlacing column

search space can ba

2

2 Zd}
S _={(2x,2y) |(2x-2x _#x_)"#(2y-2y ty )°ST
az o -1 o -1

2 2
h § ={(2x,2 %= +(2y- =T
where S {(2x Y)l( X Ko} (2y Vo)

W
So rough matching 1s:
min
R[m'n}':k,laea R(k,1)
a
Step 2:Precise Search and Match:

Precise search 1s correcting the result
of rough search.Suppose the approximate
location given by rough saerch 15
(m,n),then precise search space SP is made

up of (m,n) and 1ts nearest pixels.
8 20y O] |[SDAC|y-n |21}
So,precise search and match is

R(m ,n )z ""

n)E R(m,n)
0 0O (mné&Es

In the section follows,we compare the time
cost by two-step search arbd match with that
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cost by global search and match mathod.

suppose one operation of search and
match spends time t,then the ratio of two
methods’ time consumtion is

(x?yl&ﬁ it txzyms Sl
a a
o= =
tx?y}es {xzyles L
h ’ h
Obviously,
lim 1
s Ise’ &
h

Gunerally,sh 1s rather small,then c~§-,that

1s, search time can be reduced to nearly
half of global search time.
CONCLUSION
Here we review some problems that

require futher discussion.

The technique can be
respects.fFirst,the major content of the
window 1s a part of the object being
tracked,and the surface of the object(human
body parts) 1s rather smooth.Soc generally
the gray histogram will appear as
Fi19.5,where there are 1--n frequency peaks
which are obviously different from the
others. Their correspondent gray value
section 1s the range of the gray wvalue of
the object being tracked.So,we can
eliminate background 1in the wWindow by
mapping other gray value to a single gray
value.Second,the window tracking technique
will fit for tracking the movement which
changes in the direction of depth by adding
scale factor.

But still there are some problems.The
first one 1s that images should not have
much noise because tracking and matching 1s
done 1n the light of gray value,otherwise
the results won't be precise. Another
problem 1s that this technique can’'t track
the object 1nvisible i1n some frames of the

improved in two

sequence.
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