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Human Posture Estimation using Silhouette-Tree-Based Filgering
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Abstract This paper presents a method for marker-less human motion capture using a single camera. It is based
on tree-based filtering, a method for posture estimation of articulated objects. In our case we define the tree struc-
ture based on a silhouette based distance of human postures and use a dynamic model which takes self-occlusions
into account by increasing the variance of occluded body-parts. A new normalized cost function between the ob-
served silhouette and a model silhouette, obtained from a 3D human body model, is proposed, which improves the
estimation with respect to thinner body parts such as arms and legs. Experimental results show the effectiveness
of the method. An online motion capture system is realized at a frame rate of 127 [ms/frame] and 86 [ms/frame]
using a high-end-class PC and a Cell broadband engine, respectively.

Key words articulated object tracking, posture estimation, motion capture, tree-based filtering, Cell broadband
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(a) Original

03 000000000000000000000000 ((¢)0 (d)

00000 core-weighted XOR 00 00O core-weighted XOR
000o000000000000000000000)

2000000C000000DOOOOOODOCDOOOOO
5.000000

4. J000OO0OOO0OOOOO0OO

J.1000000b000ooocoboooooooboooobooon
goboooboooooooobocooooobooooboooooooboo
000000 (000)00DDOD0ODUO0OD0DD 000000
00000 000000 A4,000000000000 Ta
gooooooooobooooobooooooobooooboooo
ooo

®3)

0 else

Foce(z) = {f;}2), fi= { LoofAi<Ta

0O00O0ON,000000000000
000000000000000000000000000
0000000000000000000000000000
00 p(ae,—1) 00D (0 (2)0000000000000
000000000000000000000000000
000000D00000000000000000000 x4
000000000000000000000000

p(Te|®i—1) ~ N(zi-1,%) (4)

goooxXoooboooooooooooooooooooon

0000000000000 000000000 Foee(x) O
goooooboooobooooobooooooobooooboooon
gooooooooo

oj if fj=0
if fi=1

gbbOO0¢;0000C00000O00O0OOCOOOOOM>1
goooooooobooooobooooooobooooboobooo
gobooooooboooooboom=500000000000
goooooboooooobobooooobooboooooobooo
goood

()

mao;

Y= diag(af)7 o = {

5. U O

gobooooooobooboooooooooobooooobooo
gooooboooooboooooo

5.1 JO00O0OO0OO0ODOOO0OO0OO

goooooooooooooboooooobooooood

000D00D0000000D0000000000000000
000000000000000000000000000
00000D0D0000000000000000000000
0000 (R,G,B)0000000000000000000
00000D0D0000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000
000000000000000000000000000
0000000000000000000000000000
00000D0000000D0000000000000000
0000000000000000000000000000
00D00D0000000000000000000000
0000000000000000000P, 0000
5.2 000000000
00D0200000000000000000000000
0000000000000000000000 1000000
00000000000000 (XOR)OO (1)0000000
000000000020000000000 P(z,y)0Q(z,y)
ooooo

Gu(P.Q) = 5= Y XORP@1).Qwy) ()

(z,y)ew
gooowoobooooooboooooobOoONw O W
goboooooooooo
ggobobooobboobobooobbbooobbooo
00000 8000000000000 U0D00U0 XOR
0o0oo0oo0ooUooooon P(ryy)yDODODOOODODOODO
00 dp(z,y) 0000000000 wXOR (core-weighted
XOR)0DOODOO

wXOR(P(x,y),Q(x,y)) =
dp(z,y) XOR(P(z,y), Q(z,y)), (7)
dp(z,y) = Dp(x,y) + wDp(z,y) (8)

gooopp0O0O0O0O0O0DODO POOODODOOOODOOO
00o0dDp0000000000DO00O0O0DO0OODOO
gooboooooooboobobobobobobobobg
goboobooobobobobooo20b000bUobOobobo
gooooooooobooboboboboboboboobog
goooooooboobooboboog

gooooooooobobobobooboboobooooo
gooooooooooobooboboboboboboooboo
goooooooboobooboboboboboboboobog
000000000000 oooooooooa
0000000000 oUDOO000000d de(z,y) OO0
goo

Dp

" Dp+Dp,.,

med

Obb0OPnq 00000000 POOOOOOODOOODODO

dp + ’w,Dp (9)



00Dp,,,0000000000000000000000
000 (z,y) 0000000000000000000000
0000000000000000000 (000)0000
000000D000000000000000000000
0000000000000000000000000000
00000000000« 000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000 pppge— 0000000
0D;0000000000000D00D0000000000

ed
D
DPTI;MCLDDDDDDDD wDpOOO0ODOO0ODOD0O0OO

00 «' 00000000

5.3 0000
000000000000000000000000000
P,00000000000

3.10000000000000 20000000000
00000000000 P,00000000000000
000 P, 000000000 P,00000000000
000 de(P,,P,) 0000000000 p(z = Pola) OO
d.(P,, P,) 0000000000000000000000
ooo

dsil(PO7 Pm)2
202

p(ze|@:) ~ exp(— ) (10)

2702

0000/ 00000000000000000

Tree-based filtering 0 00000000000 OCOO0OOO
oooooooOoOoooo0oooooOo0oooooooooon
oo0oooooooooooOoo (o000 jO000000
000000000000000000000 #*ooooo
ooooo

p(z:|0]") ~ p(ze|@]" ool (S (11)

00006'0000!0000 00000000 00vol(S7F)
0000 j000000000 6000000000000
000000 $00000000000000000000
00000 $'00000000000000 #'o0o0n
00000000000000000000000 wvol(S7%)
ooooooon

6. DUOOUODOUODOUO Tree-based filtering

00000000 Tree-based filtering 0 00 0003. 00
000000oooooooooooooooooooooo
O Tree-based filtering 00 0000000000 OO0O4.0
0000000ooooooooooooooooooooo
oooOooooOoO00OoOO000 s 000000000000
poobobooobbooobuooobbooobboooboo
000000ooooooooooooooooooooog

000dooooooooooooooooooooooo
00000000ooooooooooooooooooooan
00000ddoooooooooooooooooooooo

0000000000000000000000000000
oooooo

0000000 LO000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000000000 p(z07%)
ooooo

p(x | z1:) = cplzizi? )p(a)?" | z14-1) (12)

~ cop(z:|0]")p(a}?" |21:0-1) (13)

O000«¥"00000 LOOOO j0000 00000
00O000pxMz.) 0000000 000000
0000000000000000
Ng
p(w?”lelm—l)::EZ:p(m?ijviqu(mifdzlx—l) (14)
=1

0000« _,000000000000000000000
NrODOOOOOODOO

000000000000000000000000000
0000000000000000000000000000
000000000000000000000000000
0000000000000000000000000 (4)0
0000000000000000000000000000
0000000000000000000000000000
p(xo) = p(wolz10) 0000000000000 000OO0
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
00000000000000000000

7. O g

goboooooooboooobbooobobooooooooo
goboboooooonooboOoOoedox4s00000OOOOOOO
oooo0o00oobOboO0o0oo0ooOb0O0o00o0000 320x24000
gooooobooooooooobooooooobooooooo
goboboooboooooboobodooobooooobooobooooobooOoo
goboboooooooooooooooooboooooboooo
20000000C0O0O0C0OO0O0  SSO00000O000DOOOn
gooboboooboooooooobooooobo 3soobooo
gbobooooobobooooobobooooosoxeoon
160x120000320x240000000000000000DO0
gobooooooooboooooboooooOoooboooobooOoo
0000000000 U0UUoooOOoO0o0ooDOoooOOo (o
la)00)000000O00D0O0ODOO0OOO0UOOODDOOOO
oo0o00o0ooooooooooooooo JIsoo (JIs
L4004 000 JISL4005) 00000000 100000 140
gobooooooboooooboooooooboooooogoo



(a) Original image (b) Examples of estimated postures

Method Fail Error Success
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(c) Results of posture estimation
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