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A B S T R A C T  

I n  t h i s  p a p e r  a t t e m p t s  h a v e  b e e n  
f o c u s e d  o n  u s i n g  w i n d o w - t r a c k i n g  t e c h n l q u e  
t o  a n a l y s e  h u m a n  b o d y  m o v e m e n t . A c c o r d i n g  t o  
t h e  b e h a v l o r  of h u m a n  v i s i o n  s y s t e n , a n  I d e a  
of r o u g h  a n d  p r e c i s e  s e a r c h - s p a c e  i s  
p r o p o s e d  in o r d e r  t o  r e d u c e  t h e  
s e a r c h - s p a c e . S o m e  p r o p e r t i e s  of w i n d o w s  
w h l c h  f i t  t r a c k i n g  t h e  j o i n t  m o v e m e n t s  of 
t h e  real w o r l d ,  h u m a n  b o d y  a r e  
i l 1 u s t r a t e d . F u r t h e r  discussion o n  
w i n d o w - t r a c k i n g  t e c h n i q u e  i s  p r e s e n t e d  a t  
last. 

I N T R O D U C T I O N  

T o  a n a l y s e  h u m a n  b o d y  m o t i o n  
, t r a d i t i o n a l  m e t h o d  i s  t o  i n d i c a t e  t h e  
l o c a t i o n s  of j o i n t s  i n  e a c h  i m a g e  f r a m e  
m a n u a l l y , t h e n  c a l c u l a t i o n  of 
s p e e d s , a c c e l e r a t i o n  a n d  t r a j e c t o r i e s  1 s  
d o n e  by c o m p u t e r . I t  n e e d s  g r e a t  a m o u n t  of 
w o r k  b u t  t h e  r e s u l t  i s  n o t  v e r y  
p r e c i s e . A n o t h e r  m e t h o d  i s  t o  put s o m e  m a r k s  
o n  t h e  p l a c e s  t o  b e  i n v e s t i g a t e d , t h e n  
a n a l y s e  t h e i r  m o v e m e n t s  a n d  c h a n g e , s u c h  a s  
r e c o g n i t i o n  of h u m a n  e m o t i o n a l  e x p r e s s i o n  
d o n e  by N . S u w a  a n d  o t h e r s .  B e s i d e s ,  
K o l c h l r o  A k l t a  a d o p t s  a m e t h o d  o f  s e g m e n t  
a n d  r e p r e s e n t a t i o n  u n d e r  t h e  c o n d u c t i o n  of 
h u m a n  b o d y  model. B u t  h i s  m o d e l  i s  t o o  
s i m p l e ,  a n d  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  
i m a g e s  i n  t h e  s e q u e n c e  i s  not u t i l i z e d ,  s o  
t h l s  m e t h o d  can't b e  u s e d  w i d e l y .  

I n  t h i s  p a p e r  w e  a d o p t  a 
w i n d o w - t r a c k i n g  t e c h n l q u e  t o  a n a l y s e  h u m a n  
b o d y  movement.It c a n  b e  u s e d  t o  a n a l y s e  
h u m a n  b o d y  m o t i o n  in real w o r l d .  

U I N D O U  T R O C K I N G  T E C H N I Q U E  

1. G e n e r a l  w i n d o w - t r a c k i n g  t e c h n i q u e :  
G e n e r a l  wlndow-tracking t e c h n i q u e  i s  
a d o p t e d  i n  t r a c k l n g  r i g i d  b o d y  m o t i o n .  A s  

s h o w n  i n  Fig.l,when r i g i d  b o d y  m o v e s  f r o m  
l o c a t l o n  1 t o  l o c a t i o n  2 , t h e  w i n d o w  a l s o  
t r a c k s  f r o m  l o c a t i o n  a t o  l o c a t i o n  b. W e  
e x p r e s s  t h e  t e c h n i q u e  w l t h  f o r m u l a  a s  
f o l l o w -  - 
Fig.1 W i n d o w -  Fig.2 
T r a c k i n g  r i g l d  b o d y  H u m a n  b o d y  m o d e l  
D e f i n e  t h e  s e c o n d  f r a m e  a s  f(x,y), 
D e f i n e  t h e  f i r s t  f r a m e  a s  w(x,y), 

t h e n  t r a c k i n g  e v a l u a t i o n  f u n c t i o n  is: 

Obviously,R(m,n) 1 s  m i n i r u m  if t h e  w i n d o w  
c o n t e n t  of f i r s t  f r a m e  m a t c h e s  t h a t  of 
s e c o n d  frame.That i s  t o  f i n d  (mo,no)whlcn 

s a t i s f i e d :  

w h e r e  s i s  s e a r c h - s p a c e .  
2. H u m a n  B o d y  Hode1:The h u m a n  b o d y  i s  

r e p r e s e n t e d  a s  t h e  c o m b i n a t o r i a l  b o d y  of 
r i g i d  b o d i e s  a p p r o x i m a t e l y . I n  t h i s  c a s e , a  
j o i n t  i s  a u n i q u e  p o i n t  c o n n e c t i n g  t w o  
r i g i d  bodies.So t h e  m o v e m e n t  of h u m a n  b o d y  
c a n  b e  d e s c r i b e d  if t h e  j o i n t s  c a n  b e  
tracked.Because p o s t u r e s  of h u m a n  body 1 s  
m a i n l y  d e s c r i b e d  by 1 3  j o i n t s , a n d  m a n y  
h u m a n  b o d y  m o v e m e n t s ,  s u c h  a s  w a l k i n g  a n d  
r u n n i n g ,  a r e  s y m n e t r y , s o  w e  o n l y  need t o  
t r a c k  7 j o i n t s  in o u r  e x p e r i m e n t . T h e y  a r e  
c e n t e r  o f  h e a d  a n d  j o i n t s  o n  s h o u l d e r  
, e l b o w  .wrist, h i p ,  k n e e  a n d  Fig.zankle,as 
s h o w n  i n  Fig.2. 

3. d c t u a l  d n a l y s i s  T e c h n i q u e :  

i c  ,.... preproc*..,  ng ............... + . i . + t  r a c k r n g  .................. - . - '  

input output 

Fig.3 
3.1 O v e r v i e w :  Fig.3 i s  t h e  b l o c k  d i a g r a m  



o f  t h e  a n a l y s l s  sys tem.The  w h o l e  p r o c e s s  i s  

composed o f  two  s t a g e s :  p r e p r o c e s s i n g  and 

t r a c k i n g . I n  f i r s t  s t a g e , n o l s e  i s  eliminated 
f r o m  each  f r a m e  b y  wave f i l t e r , a n d  image  

sequence  g r a y  v a l u e  i s  u n i f l e d  s o  t h a t  

e v e r y  image  f rame has t h e  same a v e r a g e  g r a y  

v a l u e . I n  s e c o n d  s t a g e , t h e  w i n d o w ' s  l o c a t i o n  

i n  p r e s e n t  image f r a m e  i s  s o u g h t  a c c o r d i n g  

t o  t h e  c o n t e n t  o f  t h e  window i n  p r e v i o u s  

image f r a m e , a n d  t r a j e c t o r y  i s  shown by  

t r a c k i n g  r e s u l t s .  

T O  a n a l y s e  t h e  image sequenoe,  f i r s t  

t h e  j o l n t s  o f  t h e  f i r s t  lmage f r a m e  a r e  

p o i n t e d  o u t  m a n u a l l y  b y  man-machine 

i n t e r a c t i o n , t h e n  s q u a r e  windows a r e  opened 

a t  each  l o c a t l o n  o f  j o i n t s  i n  f i r s t  f r a m e  

b y  c o m p u t e r  , s o  a s  t o  t r a c k  t h e  j o i n t s  i n  

n e x t  f r a m e  .The c o n t e n t  o f  t h e  windows 

changes  r e l e v a n t l y  d u r l n g  t h e  p r o c e d u r e .  

3 .2  P r e p r o c e s s  

1 ) S m o o t h i n g  and  

E l i m i n a t e  Noise:We 5 
a d o p t  f a s t  2 
m i d d l e - v a l u e  f l l t e r  t o  

eliminate n o i s e  o f  

i n p u t e d  images .The  

s t r u c t u r e  o f  t h e  

f i l t e r  IS shown a s  F i g . 4  

F1g .4  

2 ) G r a y  V a l u e  U n i f o r m a t l o n :  As t h e  

l m a g e s '  b r i g h t n e s s  o f  each  f r a m e  c a n ' t  b e  

a b s o l u t e l y  t h e  s a m e , l t l s  p o s s l b l e  t h a t  t h e  

o b j e c t  has  d i f f e r e n t  g r a y  v a l u e  I n  

different f rame.So  i t ' s  n e c c e s s a r y  t o  u n i f y  

t h e  g r a y  v a l u e  o f  e a c h  image f r a m e .  

Suppose t h e r e  a r e  M f rames  i n  a  image 

sequence ,and  each  image i s  made u p  o f  n*m 

p l x e l s ( 1 n  o u r  experiment,n=512,m:512). 
f k ( i , j )  i s  t h e  g r a y  v a l u e  o f  t h e  k t h  

image ,where  k = O , l ,  . . .  M-1; 1 = 1 , 2  . . .  m;  
~ = 1 , 2  . . .  n.  Then t h e  a v e r a g e  g r a y  v a l u e  o f  

each  f r a m e  i s :  

l m n  - - Z , Z f  ( i , j )  
avgk -  mn i = i  J = i  k  

The s e c o n d  a n d  t h e  n e x t  Images a r e  
p r o c e s s e d  as  f o l l o w :  
s t e p  1 : f  ( i , j ) = f  ( i , j ) +  a v g  - a v g  

k k 0 k 
where x i s  t h e  take -down I n t e g e r  

s t e p  2:  

1 .  Generating random number o I n  (0,l) 

2.  f t ( l . ~ ) + l  i f  05 [ a v g  - a v g  ] 
0 k  

3 .3  T r a c k i n g  
W i n d o w - t r a c k i n g  i s  t h e  t e c h n i q u e  w h i c h  

s e a r c h  l o c a t i o n  o f  t h e  window i n  s u c c e e d l n g  

image b y  m a t c h i n g  t h e  c o n t e n t  o f  t h e  window 

i n  p r e v i o u s  image .  T h a t  i s  t o  f i n d  
c o o r d i n a t e  p o i n t  (mo,no) i n  s u c c e e d l n g  

image  f r a m e  w h i c h  s a t i s f i e d  f o r m u l a  ( 2 ) .  

The window s i z e  and  t r a c k i n g  t a c t i c s  s h o u l d  

b e  c o n s i d e r e d .  

1 )  Window S i z e : A s  t h e  b a c k g r o u n d  o f  t h e  

image i s  r a t h e r  comp lex  and  may b e  

d i f f e r e n t  i n  d i f f e r e n t  f r a m e , w h a t l s  

m o r e , t h e  s u r f a c e  o f  human body  i s  

smooth ,and  t h e  g r a y  v a l u e  o f  t h e  p i x e l s  i s  

c l o s e  t o g e t h e r , s o  i f  t h e  window s i z e  i s  t o o  

b i g , a n d  much b a c k g r o u n d  i s  e n c l o s e d  

,tracking c a n ' t  be p r e c l s e . 8 u t  i f  t h e  

window s i z e  i s  so  s m a l l  t h a t  t h e  window i s  

i n  t h e  a r e a  o f  human b o d y , b o u n d a r i e s  a n d  

o u t l i n e s  w h i c h  cause  b l g  d i f f e r e n c e  o f  g r a y  

v a l u e  w i l l  1ose.We g e t  two  r u l e s  b y  

e n p e r l m e n t . T h e  wlndow s h o u l d  i n c l u d e  more 

o u t l i n e s  and b o u n d a r i e s  so  t h a t  t h e  g r a y  

h i s t o g r a m  o f  wlndow c o n t e n t  has  much 

d i f f e r e n c e  . A t  t h e  mean t i m e , t h e  window 
s h o u l d  e n c l o s e d  l e s s  b a c k g r o u n d . I n  t a c t  t h e  

r u l e s  a r e  c o n t r a d l c t o r y , ~ ~  we have  t o  

c o n s l d e r  t r a d e - o f f  when we choose  t h e  

window s i z e .  
We s e t  d i f f e r e n t  window o n  d i f f e r e n t  

j o i n t  considering i t s  d l s t i n c t  f e a t u r e s . I n  

c h a r t . l , L x , L y  each  s t a n d s  f o r  t h e  window 

s l z e  on x - a x i s  and y - a x i s .  

C h a r t . 1  The Window S i z e  f o r  D e t t e r r n t  J o i n t  

2 ) T r a c k i n g  T a c t l c s :  0 s  t h e  b a c k g r o u n d  o f  

human body m o t l o n  images i s  r e a l  w o r l d , p u r e  

t r a c k l n g  methods  s u c h  as  g r a d i e n t  methods 
c a n ' t  be u s e d  i n  t h i s  case .And  because  
comp lex  b a c k g r o u n d  may cause  s e v e r a l  

minlmum v a l u e s  i n  s e a r c h  s p a c e , g l o b a l  

s e a r c h  1 s  n e c c e s s a r y . B a s e d  o n  i t  , t h e  l e a s t  
i s  f o u n d  a s  t h e  r e s u l t  o f  t r a c k i n g .  There  

a r e  two  c o n s t r a i n t s  t o  r e d u c e  t h e  s e a r c h  

space .  

D i s t a n c e  C o n s t r a 1 n t : T h e  d i s p l a c e m e n t  o f  a  

p o i n t  o n  t h e  m o t i v e  4 o b j e c t  be tween  

where [ x ]  = x -  x  ; k = 1 , 2  . . .  M-1. 



s u c c e e d i n g  images  1 s  d e f i n l t e , b e c a u s e  t h e  

i n t e r v a l  7 be tween  two  f r a m e  i s  v e r y  s h o r t .  

V e l o c i t y  C o n s t r a i n t : f l o v ~ n g  o b j e c t ' s  

v e l o c i t y  w o n ' t  change much l n  7 as  a  r e s u l t  

o f  i n t e r l a . S o  t h e  r a n g e  o f  a  p o l n t ' s  

r e l e v a n t  l o c a t l o n  i n  s u c c e e d i n g  image can  

b e  e s t i m a t e d  a c c o r d i n g  t o  t h e  p r e v l o u s  

v e l o c l t y  o f  t h e  o b j e c t .  

Suppose f i n i s h e d  s e q u e n t  f r a m e s  a r e  

f  f  , p r e s e n t  f r a m e  i s  fk+l; A p o i n t  on 
k-1' k  

m o v i n g  o b j e c t  has c o o r d i n a t e  

( X - ~ , V  l ) , ( ~ o , ~ o )  and ( x , v )  on fk-l,fk and 

f  s e p a r a t e 1 y ; D l s t a n c e  c o n s t r a i n t  i s  t 
k + l  d 

,velocity c o n s t r a i n t  1 s  t .Then s e a r c h  
v 

space  s  i s  
h 

S = S  ns 
h h l  h 2  

2  2  2  
where S  : ( ( x , v )  1 ( x - x O )  t ( Y - Y  ) 5 T ) 

h i  
2  O  2 d 2  

s h 2  = ( ( x , v )  I ( X - ~ X ~ ~ X - ~ )  + ( v - ~ v ~ + v - ~ )  5 1 v 

When p e o p l e  wan t  t o  f i n d  a n  

o b j e c t , u s u a l l y  t h e y  s e a r c h  i t s  l o c a t i o n  

r o u g h l y  i n  a  b i g  s p a c e , t h e n  t a k e  a  f u r t h e r  

s t e p  t o  d e c i d e  t h e  p r e c i s e  1 o c a t i o n . W e  
a c c e p t  t h l s  i d e a  i n  searching 

t e c h n i q u e , a d o p t  a  t w o - s t e p  method  t o  r e d u c e  

t h e  s e a r c h  space .  

S t e p  1:Rough S e a r c h  and  M a t c h  

Rough l o c a t i o n  c a n  b e  o b t a i n e d  b y  

s c a n n i n g  t h e  image o n  i n t e r l a c i n g  co lumn 

and  row.So r o u g h  s e a r c h  space  c a n  b e  

d e f i n e d  a s  f o l l o w :  

So r o u g h  m a t c h i n g  1 s :  

m i n  
R(m,n )=  

tk , l ) € S  
R ( k , l )  
a 

S t e p  2 : P r e c i s e  S e a r c h  and  H a t c h :  

P r e c i s e  s e a r c h  i s  c o r r e c t i n g  t h e  r e s u l t  

o f  r o u g h  search .Suppose  t h e  a p p r o x i m a t e  

l o c a t i o n  g i v e n  by  r o u g h  s a e r c h  i s  

( m , n ) , t h e n  p r e c i s e  s e a r c h  space  S  i s  made 
P 

u p  o f  (m,n)  and  i t s  n e a r e s t  p i x e l s .  

s = { ( x , v )  I (  (x-m J I l ) A (  I Y - n  1 5 1 ) )  
P 

S o , p r e c i s e  s e a r c h  and  match  i s  

I n  t h e  s e c t ~ o n  f o l l o w s , w e  compare t h e  t i m e  

c o s t  b y  t w o - s t e p  s e a r c h  ardd m a t c h  w i t h  t h a t  

c o s t  b y  g l o b a l  s e a r c h  and match  mathod.  

suppose  one o p e r a t i o n  o f  s e a r c h  and  

m a t c h  spends  t i m e  t , t h e n  t h e  r a t l o  o f  t w o  

methods '  t i m e  c o n s u m t i o n  i s  : 

1 t 8  
t x ,  y)Es 

a 

1 
gene rally,^ i s  r a t h e r  s m a l 1 , t h e n  urn- , t h a t  

h 2 

i s ,  s e a r c h  t i m e  c a n  b e  r e d u c e d  t o  n e a r l y  

h a l f  o f  g l o b a l  s e a r c h  t i m e .  

CONCLUSION 

H e r e  we r e v i e w  some p r o b l e m s  t h a t  

r e q u i r e  f u t h e r  d i s c u s s i o n .  

The t e c h n i q u e  c a n  b e  i m p r o v e d  i n  two  

r e s p e c t s . F i r s t , t h e  m a j o r  c o n t e n t  o f  t h e  

window i s  a  p a r t  o f  t h e  o b j e c t  b e i n g  

t r a c k e d , a n d  t h e  s u r f a c e  o f  t h e  o b j e c t ( h u m a n  

body  p a r t s )  1 s  r a t h e r  smooth.So g e n e r a l l y  

t h e  g r a y  h i s t o g r a m  w i l l  appear  as  

F i g . 5 , w h e r e  t h e r e  a r e  I - - n  f r e q u e n c y  p e a k s  

w h i c h  a r e  o b v i o u s l y  different f r o m  t h e  

o t h e r s .  T h e i r  c o r r e s p o n d e n t  g r a y  v a l u e  

s e c t i o n  i s  t h e  r a n g e  o f  t h e  g r a y  v a l u e  o f  

t h e  o b j e c t  b e i n g  t r a c k e d . S o , w e  can  

e l i m i n a t e  b a c k g r o u n d  i n  t h e  window by  

mapp ing  o t h e r  g r a y  v a l u e  t o  a  s i n g l e  g r a y  

v a l u e . S e c o n d , t h e  window t r a c k i n g  t e c h n i q u e  

w i l l  f i t  f o r  t r a c k i n g  t h e  movement w h i c h  

changes  i n  t h e  d i r e c t i o n  o f  d e p t h  b y  a d d i n g  

s c a l e  f a c t o r .  

B u t  s t i l l  t h e r e  a r e  some p r o b l e m s . T h e  

f i r s t  one i s  t h a t  images  s h o u l d  n o t  have 

much n o i s e  because  t r a c k i n g  and  m a t c h i n g  i s  

done i n  t h e  l i g h t  o f  g r a y  v a l u e , o t h e r w i s e  

t h e  r e s u l t s  w o n ' t  b e  p r e c i s e .  A n o t h e r  

p r o b l e m  i s  t h a t  t h i s  technique c a n ' t  t r a c k  

t h e  o b j e c t  i n v i s i b l e  i n  some f r a m e s  o f  t h e  
sequence .  
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