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ABSTRACT 

This paper prments s technique d i n i ~  MYTIOH 
SWlXES and WEWALE CONSJSTMCY to  analyse a lortg 

r m w u l a r  i q e  of real w r l d  h m n  bDdy m- 

tion. Body jo in t  point i s  &sen as feature p a n t  i n  

swr ra l  t i r s t  frames manually, and tk rrrrrespondiw 
p i n t  i n  rollowing frames i s  h i d F d  by -tw th- 
rough FWDICi7HC and MTCHlNG steps. k t a i  I e v r  imt 
wi real r w e s  taken rn awrglen bacbrolmd shows this 

method i s  qualflied to be used in real circumstarmes. 

&re are  several fielck .here the a ~ l y s i s  of 
bDdy mtion Ifrage s e q u m s  plays an Important role. 
Posture and m t i m  analyses i n  a th le t i c  sports and i n  
the tralning o f  physicial l y  disable$ persms are g d  
emnqles.The tradi t lohel  methrds of m t i m  anakysls go 
as fo l  lows. The m s t  pr  mi l i v e  one i s  to m u a l l y  i n -  

dqcate t k  feature points lusual l y  k+ jo in t  p i n t s *  
whtch can Q p l c t  posture  precisely amordin$ to  m a -  

tany a d  s p r t s  blmdxanics)  i n  each f r a m  of a w 
quenoe ot tmmacular temporal iroages. &ir c m r d i ~ t e s  
are integrated by maohsnp to cawla te  their s p d s  and 
trajsctor ies. knother wthaQ13 i s  to at some mrks 
on t b s e  place  to hi& we pay particular attention 
prior t o  the mtion.The analysis of the motion is d m  
by detecting these mrks in ~ a c h  Imge Craw. 

In reomt ysars, several a d v a d w t h o c l s  have 
been proposed. Koichtro Aki taCZ1 adopts a mthd of 
s ~ t  a d  discrrpt#on tmder the d t l m  of h- 
bady &I based on r igid bdy a a s w t   on. k y l o r  K. 
M I 4 3  diwsses a nem technique for par t i t ion ing a 
h m n  body i n  rat ion i n to  m r n g h r l  p r t s .  And 1.11. 
SethiCSl b an experiment h ~ c h  d i r m t t y  ex t rm ts  
reature .point frnm c*.rnswt~ve T r a m  and mat* these 

feature points using relaxation afporithm. The ettects 
of  a13 or t h e  mrks  m s t l y  relaes on t k  s-s of 
sc.w low Lewl prooessesnwhich uswilly quite d ~ f l r o u l t  
i n  renl m r l d  cir-2-. h the other hand, 1.u Oin 
(31 p r w s e s  a methud b a d  on grey-smle simi larlty. 
T w h  this method i s  not very stable i n  somp cases 
w i t h  cmplex bckgcarmd. It is s iw le ,  derectrve and 

reilsonabliy based. Besl&des* w r i d  Its unstabl l i ty i s  

due t a  I- amstrains. thus a~ importing the oxicept 
of d i m  snwxltkssC81, and prcylose a 'hybr~d' m t M  
b a d  on C31. 

Dur task is: with a 1- seqrleow iraages havlng 
very smal l m s t a n t  interval kt- tm m s e c t i v e  

t rams as inpateare need ta get the coordrnates of m 
jo in t  p i n t s ( t b e y  are b e d  m u a l l y  in  several t i r s t  
l r m s ~  in  every frame as ~ t t p ~ f *  and thus trajectories 
of each feature p i n t  oan bp f o r d .  

h u s e  of; the saml l interview* we s u p p s e :  
rnII3N sMxllmm: C71C83 

1 Z ) h  scalar velocity* or speed of a given polnt. l S  

r e l a t l w l y  udwqed from cxle frame to  the hext: (21  

The direction of motion of a given point I S  r e la t iw ly  
urshangd from one frame to t k  next: (3)'lhe lm~ertain 
t y  of the motion dlrccltion of a given pGlnt Increases 
as Its speed k r e a s e s :  
m-SCALE m1m: CSIEBI 

( 4 1 k  grey-mle d l s t r i b u t i m  mithin a certain li- 
mlted ar- enclosing a g i v m  p o ~ n t  i s  relatavely unch- 
q e d  from me frame to the mt. 

h r d l n g  t o  these oonstrains. our t ~ s k  a n  k 
c h i &  i n to  tm subrwtines: 
I1)Predict trig Step: 

(a) tor wery  selected p i n t s  & I n  frame K. a 

m t c h  reg im in  trarr~ 1 0 1  i s  p r d l c t e d  Irom tb 
in formt lon p r o v i W  by sk-w a*-1 n ah the basis 
of assamption 1-3. 'The rqlm varies aocnrdlng to  the 
change of m l e r a t i o n  a d  vwla i ty ,  which i s  actually 
a f m t i o n  of a- a d  a*. tbjevery p n t  En 
this region is -red with a,, using ~r-ca le  s i m i -  

larityCgJC101. Only those points with simi lar i t y  great 
than a threshold f got f u r thw  ~cnalderatron. From 
these points the N mst 'sima Ear' mints are selected 
as candidate p i n t s  o l  t k  next mtchiw step.l varies 
with tk s ~ m i l a r l t y  and I b l d e d  by an adaptive w- 
tion: high the s lmi lar i ty .sml  ler  the band ulce versa. 
t2)ktch1ng Step: 

Us~ng an w a l u a t l a  function based m assunptim 

1-4. an evalntron v a l w  i s  got for every point i n  the 



H-set. The p a n t  ai th the greatest valw i s  o b m  as 

the mrtespondlm point. 
T h  h l e  algorithm 1s m s i s t  of f o l l ~ i n g  dour 

steps: 

A . h r c h  Region Predictation 
Let t bp the mstant  interval bet* tw a n s e e  

t l v e  frames, PI, be Teature p i n t  i n  Frane KP Vk be ave- 
rage velocity Vb=tPk+, -P,)/t, h be average smxlera- 
tlon L=(Vk+, -Vu )/t.We prcdlct t m  P'M+I a d  P'~+I 
tram privlous ve lod ty  a d  ameleration respectively 
as l o 0 l m :  

P'k+i=Pk+Vk*t=Fuf (Yx-, +A* - IY ) *=P~~(V~-~  +d*-txt)*t 
=p,tcv,-,tvM-I-v,, 1ft=Phtt2Pk-SP*-l+PM-n 1 -  
=3P,-3P.-, +P,* 

(h-l=A*-p . uniform aooeleratlon m t ~ o n l  

Maving sett led P 1 u + l d  P,+, .connect them to  get 

the middle p i n t  H, and t h  ~ ~ n n e c t  Pk and H. Let 

PkH be the axis of  the lan-typ s e a r &  region. fhe 
vertex mEe fl Is osculated as t83. whlch IS ass& 
to h. inw-rsfy proportlaurl to the va t~ab le  V and i s  

a function of the variable Y, The tmtian Is declW 
by V,,. I, and H a v l q  declckd the wr tex 

angle and the axis. the fan-typ search reglm has 
bePn pred lc td .  

B.Crey-Scale Simi lar i ty Can~lat  ion 

Srpplse Pjk i s  the i t h  candidate p i n t  in f r a w  
K+I.h wi&w o l  d ~ m s i o n  c2u.Cl)xrltvtll IS  centered on 
the point P I k  a d  i t  i s  correlated w l t h  a sam siised 
w r n b  I n  the p r d  tramcentered m P, acoclrdig to 

the Inl lowlm q u a t  ion: 

We chmw th ls prosstmrrelation b u s e  It i s  i n  

sensitive to absolute brightness a d  contrast I n  the 
twn .I-. 4 Is vsefuG If the tw frames =re 
&tar& rmdArdiftermt I l l r rmt~trnns. 

ChEy tbse p i n t s  w i t h  s imi lar i ty  g r a t  than 
threshold f(w s e t  TT.0.1) are selected and from these 

selected p i n t s ,  the top N points with mix slmlEarlty 
m s l s t  t k  set of candidate points. Uslrally h the 
tm Frames are highly mtchrd and t k  he value rs very 
high. t k  predicted p i n t s  sepm to be 'right' ones 
and are m r e  re1 lable. In thls wise. tk trweEy mrres 
pHding p i n t  I s  mre l ikely amanpr theseveral 
l a th  tnp Q valw. Thus a smll number ol  cadldate 
points are lleeded to  rb currespondim cmulatlon. 
Piheraise more points are & to ensure the t r d y  
mrrmponding one i s  among t h .  'thus N Is lnwrsly 
proportiom1 to s imi lar i ty  valw.  Here w define sn 
achptlveequatlm t o  choose N h i &  i s  p r o d  to be 
quite effective. 

IP- = m x ( ~ ' ~ . ~ + l ) .  o i s  a m s t a n t  a d  O < l ,  
g*l( lp set @-o.~Q). fx] m s  Integer nearest to 

but srmEier than x. Suppose T-1. then N-I, whioh 
m s  se m r y  have one mdi&fe and It tr the mrres- 
pxding one: t f  ~ ~ 3 . 7 ,  t h  N 4 ,  rn haw 5 d i -  
&tes and this I s  also the mlm n d r  of points in  

N-set. 

C.&rrespondenoe Problem 

In this step N candih te  points are as Lnp~t. 
TO evaluate the p r W s  t i t y  or every point as 

rprreqmdiw  net lrpl &-rime an evaluatran function 
oonstlratrng b t h  motion and greyscale mmslsteney. 

Let Pk-jP* &mote the vector and I tP*-,k PI E 
denote t h e d l s t m  bet- P.-,and P.. then 

i f  :IPu-,Pu:120 and :IPuP,+IIIM. 
F, f K ~ K t l  )=AtB+€=llr~*(Px-~Pu PwPk+lJ/t : IPY-IP~ I I* 

4 8 4 ,PkPU*, 1 ! )tw#e( I :Pu-,Pu! :*: LPu!=b+I: 

I :  IP,-,P,I:+; :p*p*+1: :)+w,*qk.**, 
l f  I IPkP**tI I a and I IPk-,Phi :=OD 

F- (K,K+1 )=tWI+wa)*cl-l lPkP,+t 1 ! / Y o i + q * * ~ ~ . ~ + , r  
ET I l P ~ h + t t l = O  and 11Ph-1P~::Xh 

Fa (KmK+lI"Wp*tl-j :Ph-lPkI t/Vo)+(Wl+ht*qY.k+l: 
i f  ::PhPk+tll=IIPw-lPhII=O, 

F, c K . K t l l = ( r R r , + w * t w ~ ~ * ~ u . h c l .  
- 

are the w i w b w  means far lsrame K and Kt1 respectively: 

are the w i d l w  variances tor t r a m  K and Kt! r m t i v e t y .  



This function has v a l w  i n  E0.13. h B , C  b t e  d i r e  
t lml  m speed. grey-scale term with m i g h t  11, b m  WS 
repwtively. I,+C+IP,=I. Thegrmt  thesppedm d i r e  
tirw d greyscale dPvlatim. the smller the evalua- 
tion value. 'Ilre p i n t  having khqrsatest evaluation 

value Is chosen as the true point   or^ thetrajatorg.  

In st- B,.ahen no oandihte point w i  tb slml !at i t y  
R r M i  than T i s  obtitinai. w f i r s t  msi r l e r  the possi- 
b i l i t y  of wrong asst&ilinent of a, to the trajectory dbz 
to i t s  clo-s ta the r l gh t  one. In this case re 
select point o w  by cne tram the N-set or f r a m  K ac- 

cnrd im to i ts d l s t a m  from akas a replaw of the old 
a* and caculate the newr o'..h+l -In mti lget the 
usual N-set or frame K + 1 .  &It In  a very fm oasestth~s 
correction p r d r e  also tails. then m mgmse that 
the grey-scale ~ h a n p e s  abruptly. I n  thls case h- 
in ter la te  ~simposed. The P'M and P"wt are p r o p o d  
as refer- pints.We c a n  W s e  o m  out of t k  tw 
or an n t k r  one kt we think i t  is wrr proper In the 
search r a i o n  as the m r r d i n g  p i n t .  h ~ ?  It 
has been selected. smoothness methd simi l iar  fa t h t  

i te ra t ive  optimization algorithm i n  C71 Is 

m. E X P E R M  RmTs AND r n U 1 S I O N  

We use a hi* spsed television -rapwhich takes 

I00 Framps p r  m. Suppose a ~mges of 
1m I s h  i s  taken in real mrldcircurnstanws, The ave 
rage runnlrrg s@ i s  10 e t r e s  p?r s d m  thus the 

drspr j  ty bet- tw consective frames i s  d=O.Im. 
The dlstanoe Frm -18 t o  objst  i s  fp4#-5h. The 
lncal lemth i s  f,=IODmm and the Film slze i s  1.=38m 

by 1,=24m whlch Is digitized t o  be s r 5 1 2  plxel by 
~ $ 1 2  pixel  i q e .  Thusthe 0. lm d l s v r i t y  i n  image.0;- 
axis1 w a r d  be (see Fiu 21 

which mans the m x  change In one d i r w t  ion bet- 
tm fr- i s  less t h  4 pixels* dl& m think i s  
s m l  l & to regard as being m s i s t a n t  and usually 
abrupt hnpe of preysmle distr ibut im WI t E not m r .  

Slnoe posturs  of hrrman h k  I s  usoally &sortbed 
by 1 pa1rs.13 jo ints* and many h- body a n v a t s *  
such as w l k l q  and runnlw* a te  syormetry* m only 
c b s e  the joints on the vrslble s i c k  as feature p i n t .  
Thus LP pet w e n  feature po in t s  A-head: 0 . s h l d ;  
C.clba; D:wist:E.hlp: F.k-. (;.ankle. ( s e  Fig 31 

This algorithm is tested by a 4% dash i q e  s e  
qwooett5 Fraues) wlth real world backgrwnd and I Ifu- 
mimtim. T k  i w e  resolutinn 4s 512 by 511. T k  
feature wints un the r l r s t  thrae Fr- are mre fu l  l y 

located by h a d .  F i g  1 grves experiment results. As 
i t  has s h  trajectorres of A p B , C . E ~ F . C  ate all quite 

t h e m i s t  shap Is so blur and i t s  grey-scale i s  so 
dose to the - r o d  wen i n  the I n l t l a l  rrames. We 
also Import one b m  Interfare on trajectory C I n  
frame 8, the elbow sharp changes greatly from 

r r ~  1 to lram 8 .  
ks 8 hie, this algorithm I s  quite robust wen 

In very carp1 icated r m l  w r l d  c~rcumtanoes. With the 
cFaabinatlm of motion smoothness and g r w - s o e l e  
s imi lar i ty  asstrmptlm. thealgorithm h s e s  feature 

p i n t s .  h i o h  are i ~ s e d  by humaninterests and not 
m w r n  o b j w t  propetties a t  a l l .  in m t i v e  frams 
a d  fo rm a trajectory by these correspdi- ints.  

Often whwr sharp &form in  the s-ssve franpr 

sclrp u n e m t e d  results tend t o  -re. h r c h  P h ~ h  
I S  an$oing w 1 1 1  be Fowsed on thls problem with some 

f lex ib le  mtchlng methrds. 
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(el  
l f ,  

Flg 1 .  E x p e r l m t  result: traoked feature points in  seqrrentlal images 
and their trajeatorles. Is)Fram I ;  (b)Frame 4:  (c1Frame 7 :  Id)Ftame 11; 
(e)Frame IS: (f)Trajeotorles of seven feature points. 

Fig$ Skeleton OF A Running Person: 
h.Headr B.Should; C.Elbor; D.Wrist:E.Hip~ 
F.Knee; C.Ankle. 
. . . . -. . . . unvislbke side* 

v is lb le  side. 

Flg 2. Est lmt lon of  disparity X: 

x * d*fl/f,(mn) = s,*d*Ii/f i,*l.) (p ixe l  l 




