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Realtime 3D visualization of human gestures using PC cluster
system

Wu Xiaojun, Shogo Tokai, Toshikazu Wada, Takashi Matsuyama
Graduate School of Informatics, Kyoto University

In this paper, we propose a method for capture and visualize a human gesture as 3D image sequence in real time.
To realize these functions, we use a PC cluster system. PC cluster consists of multiple PCs which are connected by
high speed network. Each PC captures video image of its own video camera simultaneously. We develop a method
to obtain 3D shape of the gesture by a parallel volume intersection algorithm on a PC cluster. We also consider
dynamical load balancing to adapt variation of the dynamical scene situation. We show experimental results with

our PC cluster system that consists of 9 pan-tilt-zoom cameras and 10 PCs.

1 0O0d0dn

goobooooobooooooboooooooooo
gooboooboboobooboboooboooon
gboboboooboooobobooboooboon
gobooooobooooboooboooobooobo
goooOooooooooooooooooooon
goboooooooooooooobooboooobon
gboooooboboooooboooobobon
oboooooooobooboooooooooon

oooooooooooobooboooooooooon
oooobooooobbooooobooboobobo
gobooobooooobbooobooooooooon
ooooobooooooboooooooobboooon
goooobooooobooooooboogoooon
gboooobobooboooboooobooboon
o000, 200000oooo0ooooggooon
00 [loob0odooooooooooooooo

gobobooooooooooooooooooobon
goooobooooobobooooooboboooooo
ooooooobooobooboooooooooDo
00000000 [2l00oo0o0oo0ooooo
gbooooobobooboooboooobobooon
gboooooboboooboooooooboobooon
ooooog
obobOoocoooobobooooobooon
obooooobobooobooooobooboobooon
oobooooooboooboboooboooooon
gobooooobooobooooobooooooo
oooboooboobOoboooboooobobooon
gobooooooboooobooooooooooon
gbooooobooboobobooooboobooon
gboooooboobOoooobooooboooon
oboooobooooobobooooboooon
obooooooboooobooobOonooon
ooooooooobooooooooooooobooon



gboooobobOoobooboooooooboon
gboooobobOooboobooooobooboon
gboooobobooboooboooobooboon
ooooooooo
goooooooooooooobogz200000d
oooooobOobOoboooboooobooboon
oooooooo300oooooooooobobn
gboooobobOooboobooooooooboon
O00o0ooooooooo4000b00ODbD0Ob00
gbOooooboboooboooboooobobon
gobooosboooboooobbooooooooon
oOooopooogdednDOOOOODOOOOd

2 O0Oooogd

obOobOooooobobooboooobooon
ooooooooooboboboobobooooooon
O00o0oooooo [38,4,5, 60000000000
gobobooooobobooooobooooooooon
gobooobooooobbooooboooooooon
gobobooooooooooobooooooooon
gbOoooobobOoocoobooooboobon
0{@UooobooboOoOoo)boboogooooD (o
0000000)ooooDOoooooOOoOoOoOooo
goboooooooooooboooooobbooobo
gobobooooooooooobooooboboooooon
O000ooOooooo (@ 1)o

CameraA gnl T%lg;eﬂ ane Camera"B 1
2

3

4

5

6

7

8

Reconstructing space 9
01000000 10
11

12

O00O0ooOooooo [rjuooooooooo
ooooooboooog

gbooooboobboobbooboooboaa
gboooboooboobgoooooo

gboooooboooobobooooaon
gbooooooooogn

gboboooooobOoooboooooooooon
oobooobooooooooboooboooboog

gbooooboobobooobooboobooobobo
gboobooooboboboobooboog
gbooooboooooon

goboooooboobooooboooobooooon
gobooOoooboooooboooobooooooon
oboooooboobooboboooobobon
goooog
uboboobobooobobooooboobooon
gobobOooooboooooooooooooon
gobooOooooobooooooboooooooooon
obooooooboooboobooboooobooon
gooooooooobooooboboooooooooo
oboooooobooooooo

21 0J000O0OO0OO0OO

Joodoboobooboboobooobooooo
O[gOocooooooooooooooooo

gooooobobbooooooboboooooo
o000 (@oon)ooooooooooooo
000000 (occupied YOOOOOOO (empty)
0000000000 occupied ODOODOODOO
0o0ooooo0o0oooooooooooooon
dodoboooooooooobobooooboooo
pgoddodooooooobooooooooon
odoodoooooo 200004000

00000000 occupied OO0
ford00000O0O vdo
forO0OO0O0O cdo
0ooovOoOooo cooboooooo
f000000000D000D0O00ooOag
then
0000 cd empty 000
goto ENDINNERLOOP
end_if
end_for
ENDINNERLOOP:
end_for

O2000000000000000

oooobooooooooboooooooooo
O0Onxnyxn 000000 mOOOOOOO 20
oobo0 400000000 neynmOOOO0O0O0O
gooooooooooobooooDooOo 1, 00000
obooooobooooobooboooobooboon
ooo

nxnyn;mTy

1)



bobobobooobooboooobonbooon
ooo0On,n,n 000000000000000
gbooooboboobooobooooboobogoon
goboooobooooooooobooooooon
obOooooboboooooboobooobooobon
oooooooooobooboooooooooon

3 J0o0oooboboboboon

boobobooobooboboooooboobooon
goboboooobooooooooboobooooooon
ooooOoooooooooOoooooOoobooon
O000000DO00OO00(@oOoOo)o ANDOOO
obobooooboobobobooobooooboon
gobooobooboooooooobooooooooo
gobooobooooooooooobooobooooo
gboooobobOooobooboooooboboon
gbobooobOooboooobobooooboon
OO00o0OO0OO0OOdddColinsoooooobooo
(QQUUid0O0Oooooooooooooog

goooboooobobooooobooooooo
goboooobobooooobooboooboooboon
gbooobooboooboobooooobooooon

31 DO00OO0Ooooooooon

000000 0o000000000000000
00000 R 000000 P, 00000000
000P,00000 kxny00000000O0O
00000000000000000000000
00000 T,00000P,,0000000000
0000 T,00
@
000000000D00000(O00)00000
00000000000000000000000
00000000000000000000000
000 (0 3)000000000000000000
00000000000000000000000
000000000Ry 0P, 0000000000
000000000000000000000000
00000000000
00000000000000000000000
000000000000 R 000000000
000D0000D002,/mAyT, 00000000
0D000000000000000000 T,000
D00000000000000myT, 0000
00P,0000000 T,00000000000

T, = nxnyTB +2,/MyTg (3)

obobOoooobooboobooooboooon
oobobooooobooooooooobooooooon

Tl == nxnyTa

Conjugation
line(s) on P,

i

Conj ugafi on

P
7 corresponding

Intersection of
Pai Pare

Wast

OS¢

030000000000 @OOOOOOOn)

00000000000 (@4o00000R,,00
gboooooboboooboooooooboobooon
oooooooobOooboobooooboooon
ooooooooooobioR,000000000
00 ;0000000000

Trandlation
+

T h .. Scaling

P?rc

040000000000 @OOOOOOOO)

00000000000000 T, 000000
D00D00000 T,000000T,>T,000
0000T,>T,>T,000000000(n,ny) 00
0000000000000000000000

32 DO000OO0OOO0OO0ObOOoOobOoOobOon

0000D000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0(@D000)000000000000000000
000000000000000000000 AND
00000000000000000000000
0oo @ 5)0



e
= o

Silhouette A Silhouette B

Reconstructed Areaon the Slice

I

Base Plane

Oos5000000D000000000

OO0xyzOOOOn,n,nOOOoOoOooooooo
gbooobooooobobogbOxyogoboooo
oooo0O0O00z=0000000000000O
goobooooooooboooobooooooon
oobooOoooooooboooooboboboooooon
O0z#0O0ODOOOOODODOOOOOOOOOO
ugboobdobobooboaoboobooobaobabo
gbooobooooboobobooboboobo
goboboboooobbooobbooobbooo
gobooboooooobooooooooooooon

gbobbooobobooobbooobbogod

gboooooobobbooobbboooobooao
Oo0o0o0oooo ANDOOOOOOOoOoooon
gboboobooooboooobooboobo n O
gobobooooooooooooooooooooon
oooooooooDooOooboennnoOOO

for00000O00O0O do
0o0oooooooo (z=000O0O
end
forO00O0OO0O0O do
for00000000DOO0O do
gddbooouoobooodoooodgo
end_for
for000O0O0D0OO0DOO do
OOd0OoOoDoO AND OO
end_for
end_for

© 00 NOoO O~ WDN B

oe000000D0OO0OODOOOO

O00odooooooooooooooo ed
000 10300000o0o0b0000000ooDon
oooooooo0ddOn,n 000000000
gooobooooooboooooboooooooon
obOooooboobOooboooooboooobon

ooooooooooooooooooongnyd
gboboooboobobooooobooobgubog
o0oodmOOOO0OO0OO00O0 1030000000
oon

(@Pruny Ty + 201, /My To)m (5)

goboooobooobbooooboooobooooon
gbooboooboboooboobooboooboobooon
gboboooboooooooboooooboooboonn

(6)

goboooooooboooobooooooooon
gboooobooooboobooogooaon

n; x (anyTB +Tg)m

(7)

O0n=ny=n=n00000 10000000
oboooobooooobooooo

m((nz+29,/MxNy) Tg -+ Nxny(nz + qz)Tp)

e J0OIOOOOOOMMT,

e JUODOOOOOOO
m((20+1)nTy + (n® +¢%n®)T,

0000On00000000000000000000
n(T,—T,) 000000000000000000
00000000000000000000000
00000000000000

4 OOO00obOOoobooboobog
godd

odoooooooooooooboooooooo
gooboooooooobooooooboooooooo
gopoooooo300ooooooooooooo
goboboooooooboooobooooooon
gbooooooboooboooboobooboooo

e JO0OODOODOODOOODLDODOOOOOODO
gbooobooooboooobooboobo
gobooooboooooooboooboomoo
ooo

oooooobooobooooobooooobog
gboboooboboboobobocooboono
gboooooobooboboocoobono
gbooooomooogn

guooboobbooabobobooobobod
gobobooobooobomooobon

gbooboooboobooobooobobono
oboooboooooboooobooboono
omoooo



gbooooOobooooboooooon
obOobOoboooobooboooobooboon

ooboboooooooooobooobooooooon

obooooobooooboobooooobooboooon

41 OO0OO0O0OO

dobodooboboooboooooooooood
00 (@ 700000000000100000 (CPU:
Dual-Pentiumlll 600MHz, Mem:256MB) O O O O O
0000000ooooooogoilooo9onooo
O000o00oooooooooooooooo 10
gooboooooobooooooobooon

00000000000 0oooooooooon
O0000ooo (EVI-G20by Sonyd 0o oo0OdOd
0000000000000 0000ogooooooo
gooobooobooboobooobooooon
0oooooooooo [10]0

0000000000 0100Mbpsd EtherNetD O O
000 1.2Ghpsi 00000000 (Myrinet by myri-
comIOJO0O0O00O0OoOoOoOoOooOoOoOooooooOoO
gobbooooooobooboooooooooo
goooobobobooooooboooooooooo
0000000 (25MB/s) DO CODMAOCOOOO
000000000000000000000000

(OO 100MB/S)D OO OOOOOOODODODOG40x480

obOoooobobOoocooboooobooobon
obOooooooboooobobooooooboon
ooo

Ethernet(100Mbps)
=

Myrinet
16 port SW

| (RS-2320)

O70000000D00000O0

42 00OO0OOO0OOOO

gboobobooooobobobocooboobooon
gbooooobooog

SIP (silhouette image production) 3 0 OO0 C0 000

gbooooboooobobobooboonbd
gooooao

BPS (base-plane silhouette productiori):0 O 0 O O
ogooooooooobog

LMC (local model creation) D 000000000
ggooooboboboooooon

INT (intersection) :0 0000000000 DOOO
ANDOOOOOOOO

goooosiPOLMC OODOOODOOODOOO
ooooobooooooooboooogoosiPpg
BpSOOODOODOUODODOOOOOODOODOODOOD
ooooooboooboobobobooobobooon
OOLMC O INTOODODOOOOOOODODODOO
O0000DINTOOODOOOOODOOODOOO
gboboooboboooboobooboooboooon
oooooboooooobooobooooobboon
ooooowMmCc ogoooooooooDoobooo
goboooooobooooboooboboooooo
oooooobooooboobooog

oooooooo :oboboobooboobooooo
gbobooooobobobooobooboonod
oooooooowmCc OoOO0oO0oo

goooooD :ogoooobooobooooooon
gbobooooooboooboooobono
oooooooDOoODOOOObOOoOOLwWwMC OO
gooo

421 0O0O0OO0ODOO

oooooooooowmCc boooogooooo
ooboooooooooboboooooboooooon
goooboooooooobooooooooooon
000 (@8UUiooooOLMC OINTODDDO
gbooooobobooobooooooboobooon
gboobooboooooboooobooon

obobooooobOooooooooboooo
gobooooboooobooooooboooon
gboooboobooobooboobooboobooboon
gboooboooobooobooobooboooooonn
oboooooboobOoooobooooboobooon
gobooooooooobobooooboooooon
goobooobooboooobooooboboon
oooboooboobobooobooooboobooon
gobooOoooboooobooooboboooooon
gboobOoooobooboooboooobooboon
ooooOooboobOooooboooobooon
oboooobooooobooboobooboooon



Captured

Image kS
Silhouett 4 t 4
imege
Base Plane

Silhouette / QQ / / 1,& / / =a-
Image \ I 4

Loca
3D Mode

(partition) INT

Object area &
onaslice

Final Result

O8Oooooooono

422 00D0OOO0OO

obOobOooooboobooboooobooon
gbooooooboooboooobooooobooboo
gooobbooooooooooooooooon
gobobooooobooooobobooooobooboooo
gooooooobooooooobooooooooon
Oo00O0ooooOooooooooog (Copno
OooooOooooooBpPSO LMC OOODOODO
oooooOo0ooooooooooooooooon
gooooooobooooboooboooooooooo
oobooooobooooooboooooooboon
gobobooooooooooboobobooooooon
gooooboooobooooobooooooon
OO00D0OO0000O000 LMC OOOOD INT DO
ooboooooboooooooooooboooooon
oobooooooobooobobooooooobobooon
oooobooboooobooobooo

gdobobobooobooooboooooooooo
goboboooobooooooooobooooon
gobobooooobooobooooobooooooon
obOooooboobooocboobooooboobon
oboooobobooooboboobobooboon
goboooboooooooooboooooooo
gooooooooooboobooOooooboooooo
gboboooboooobobooobooooboon
gbooobooooboooboooobooooooboooon
gobobOoooooboooobooooooboooooon
oboocooOoboooooboboooooooon

Captured
Image

Silhouette
Image

Base Plane
Silhouette
Image

Silhouette
onadlice

Object Area |
onadlice

Final Result |

“hode3

09opoooooon

43 0O0O0O0OOO

obooOoboooboboooooooboobooon
goboooooboooooooooooooooo
oooooobooobobooobOooooboobooon
gobooOoooobooobooobooooooon
gobobOooooboooooboooobooooon
goooOoooooboooboooooooooooon
ooboooooooooooboooboooooon
gooboooboboooboobooooobobDoon
goobooobobobooobooooboobooon
gboooobooooooboo

obOooooooobobOooboooonooon
oboooooobooooobooboooobooon
gboooooooooooooooboobooDo
goooooboobobooobooooboooon
gbooooobobooooobooooboboon
gobooobooooobooooobooogooon
goooOoooooooooobooboooooon
gboooooobooobooobooobooboonn

S Ooogd

O0oooooooooooboo 1000000000
gooooooooooooobooobooooon
oboooooooooboobooog



Oi1o0:00000000000

oooobooOooooboooooobooooooon
oooooOoooooboooooooooboooooon
obob01o0o0o0o0o00boo0booobooobooobo
oooboooobooooooobOoooooboboon
oo0o0O0000000000 1200000000
lemO0O000O00O0OOOODOOOOOOODOO
000 1500000000000000000D00O
gboooooboooooboooooon

011:0000000000

goobboooooboboboooooooooooo
gobobooooooobooooooobooooooon
130 000000000000000 2cmO0O00D0O
gbOoooobobOoocooboooobooobon
cooooooobobooOoOoOoOoOoooooobooD 1
ooboooobobOoboooboooobobon
gobooooboooobboooooboooooboooo
coopDoooosSIiP-BPSOOODOOOOOODOO
OoOooOOoO0O0O0O0O0OD0ODDDOOLMC-INT O0OO0OD
ooooooosip-BPSOOOOOOODOOODO
gboboooooooooooooooooboooon
oobobooooboooooooooooooooon

012200000000 (AemOOO0O)

gobooooooboooobooobooooooon
gboooooboobOooooboooobooboon
ooooon

013:00000000000 (2emOOO00O)

6 00O

gboooboooooooboooobonbooon
goooooboobobooobooooboobooon
gboobOoobooboobooobooooboboon
gboooooooooooooooboooboonon
gboobooobobooobooooooobooboon
ooboooooboooooobooooooooon
obooooobooboobobooooboboon
oboooooobobooboobognD Iemd DO
o000 i1s5000ddddd2emb00oooooo
gboooobooooboobooog

ubooobooooooobooooboooon
gbooooooobOooooboooobooon
oooooooooooooboooooooooon



010o00o0dfdopooggoobozemboggon

SIP | Dupli- | LMC total

-BPS | cation | -INT
No.1| 89ms | 76ms | 82ms | 297ms
No.2 | 85ms | 88ms | 105ms| 300ms
No.3 | 89ms | 91ms | 108ms| 306ms
No.4 | 107ms| 47ms | 107ms| 302ms
No.5| 81ms | 89ms | 112ms| 303ms
No.7 | 78ms | 94ms | 102ms| 299ms
No.8 | 85ms | 85ms | 101lms| 298ms
No.9 | 72ms | 105ms| 112ms| 299ms

oooooooobobooooobooooboon
gboboooboboboobobooooboboon
goboooooboooboobooooooobooboo
gbooooooooogn

o IO OUDDUOODOUODDODDOOOOO
gooooboboooooooooooboooaa
O0000o0oooooooooooooog
OO0Ospacecarving [11ID OO0 O0O0O0COODOO
gooO0ooooooOoOoOo0OO0O0OO0O0

e JO0OODOOOODOOOLOODODLDODLDOOO
gobobOoooooooobooooobooa
goooooooOoooooooooooood
obooOoobooboobooboooboobonbg
oobooobooooooooooobooooog

0d

0000000000000000000000
00000000 (JSPS-RFTF 96P0050M)0 00 O
oo.

Jodad

[1] H. Saito, S. Baba, M. Kimura, S. Vedula,

[4]

5]

[6]

[7]

(8]

9]

(10]

(11]

T. Kanade, “Appearance-Based Virtual View Gen-

eration of Temporally-Varying Events from Multi-

Camera Images in the 3D Room”, Computer Sci-

ence Technical Report, CMU-CS-99-127 (1999).

(2]

E. Borovikov,

“Toward real-time volume re-

construction”, http://www.umiacs.umd.edu/users/

yab/3DSceneMonitor/rtvr.html

[3] W.N. Martin and J.K. Aggarwal, “Volumetric de-

scriptions of objects from multiple viewslEEE

Transactions on Pattern Analysis and Machine In-
telligence Vol.5, No.2, pp.150-158 (1983).

P. Srinivasan, P. Liang, and S. Hackwood, “Compu-
tational geometric methods in volumetric intersec-
tion for 3d reconstruction”Pattern Recognition
Vol.23, No.8, pp.843—-857 (1990).

M. Potmesil, “Generating octree models of 3D ob-
jects from their silhouettes in a sequence of im-
ages”,Computer Vision, Graphics, and Image Pro-
cessingVol.40, pp.1-29 (1987).

R. Szeliski, “Rapid octree construction from im-
age sequences'CVGIP: Image Understanding
Vol.58, No.1, pp.23—-32 (1993).

M. Okutomi and T. Kanade, “A multiple-baseline
stereo”, IEEE Transactions on Pattern Analysis
and Machine Intelligencevol.15, No.44, pp.353—

363 (1993).

S. Moezzi, Li-Cheng Tai, and P. Gerard, “Virtual
View Generation for 3D Digital Video"|EEE Mul-
tiMedia, Vol.4, No.1, pp.18-26 (1997).

R.T. Collins, “A space-sweep approach to true
multi-image matching”,IEEE Computer Vision
and Pattern Recognitiqmpp.358—-363 (1996).

0000,0000,0000,4000000
000000000000 00000, 000,
\0l.J81-D-II, No.6, pp.1182-1193 (1998).

K.N. Kutulakos and S.M. Seitz, “A theory of shape
by space carving’lEEE International Conference
on Computer Visionpp.307-314 (1999).



