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Measurement of Multiple Persons Using a Subtraction Stereo
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We have proposed a stereo camera system“ subtraction stereo” that focuses on moving regions. This
paper proposes a method to track multiple persons using a sequence of range images obtained by subtraction
stereo. Tracking that is robust to occlusion, etc. is realized using Kalman filter. The effectiveness of the
proposed method is verified by experiments.

Key Words: Stereo Camera, Motion, Detection of Moving Objects, Surveillance Camera

1. 00O Scene
Cameral Camera2
00000000000000000000000000
000000000000000000000000000
00000 1)0000000000000000000 [2]
0000000000 RFIDOOOOOOOOOODOOOO Detection of Detection of
000000 [30000000000000000000 ISTEE o NI
0000000000000 000Oo0Oooooooooo Subtraction L»M&ME«J Subtraction

gooooooooooooobooooobooooooon
oooboboooooooooooooooboooooboobon

Measurement of

goooooooooooooooogooooboooooo disparities, ranges
000000000 (Subtraction Stereo)” 000000 3
O [4] [5] O Moving regions + Range information

goooobooooooooooboooooooDboboo
goboboooooooooooooooooboobooooon
gobooboooooobooooooboooooooboooooon
000000o00o0o0ooooo p|ooo0oooooo
00000000 [7jUob00oUnOo guooooooo
goboooooboooobooooobobooooooooon
goboooooooooooooooooobbooooDo

O0o00o0o0oo0o0ooooooo0oooooboooooo Scene Obtained disparity image
0000000000000000000000000000 ) .
0000000000000000000000000000 Fig.1 Flow of subtraction stereo

gobobooooobooooooboooooooboooooon
goboooobooooooood

o, OOoOO0O0OOO00 22 0OO0O0O0OO0OO0OO0OOCOOODOO

21 00000000
JodddooooObOoObOO0o0oOooOooooooboboooooa

0000000000ODO000Do Figl1ODOOOoOOO JoooDo00ooooooooooOoOoOooooooOon
do0ooddoDo0bOo0o0oobOo0obooobooooooooa goo
000000 o0oOo0oO0oo0bOoboOoOO0o0bOOoOoooboOoOoong
000000000000000000000000000 voooobooooooooooooooooaooan
0000000000000 000000o0O0oooooon  OUb0O0Oo0dooooooooogonoooooodon
0000000000000 000o0o0o0ooooooon go0oo0o0ooooooooooobooooooooooa
0000000000000 oDoooooooooooon bbbl ooooooooo
00000000000 Ooo0o0ooooonooooonoonn godo0doooooooooooobooooooooooa
00000000000000000 oooog 9o

[No. 09-4] Proceedings of the 2009 JSME Conference on Robotics and Mechatronics, Fukuoka, Japan, May 24-26, 2009
1A1-D16(1)



3. DOOoOoOoooo

goooooooooooooooooobooobobOoo
ooboooooooooooooooooobOOobobooo
goooooooooobodoboooooooooogod
goooooooooooooboooooboooooooon
O0o00oooUooooUoOoooUoOooooo 10O

ooooobooboooooboooooooooooboooo
000o00oo0oooOoooooo (v,y,z) 0000000
000000000000 xXxoooooooooo

Xz[x:i:yyzé] (1)

oooooooooooooooooooooooon

Xip1 =X +Tw; (2)

0000000000

o000 O
oo O~
oo o~ OO
OO, K, OO
ol N eNeNoNo)
-0 0O O O

obodbdbdw, 00000b000ooobooboobobooo
go
Z=[u v d (4)

O0000w,v000000004d0000000000O0
gobooooboooboooboooooo

Z = f(X1)+vZ7

R )
fO000000000O0bO0OO0O., 0000000000
ooOoooo0oooodbooOoooooooooooooon
ooooooooOOO00oO0oO0O0o0o00oooooooooon
coooooooooooooooooooooooooon
oooooooooooooOoooooooooooooon
ooooooooooooooooooooooon

ooooooooooooooooooooooooobooon
pooooooooOooOooOOOOO0OODOOOOODOOOOD
ocoooooobOOOOO0OO0O0O0O0OoobooobooboooOoOoOoD
coooooobOOoOoOoOOOOoO0oO00OooooooOooon
poooooooooooOoOOOOOOOODODODOOOD
ocoooooooboooboooooooobooooooooon
oooooooooooooooooooboOoOOOOOnn
poooooooooobooooodooooooooon
ocoooooobOOOOOOOOO0OO0OObOObObOOOOOD
oooooo

4. 00O
4.1 000000O0CO0O0OOOOOOO

3000000000 00000000o0o0o0o0oo0on
O0o0oO0o0oo0o0oo0oO0oOooOoooooooooo
000000 Bumblebee2(Point Grey Research. 00 00O
f=3.8mm, b=120mm, VGA, 48fps)0PC 0 DELL XPS710
Core2 Extreme 2.93GHzx 20000000000000O
00000000 83m]0Tilt 0 50°000000000
0000 Fig2O00OOO0OO0OO0O0O0000000 #,y,200

Stereo camera
XA 50°

y z

(optical axis)

Zy, -
| | Person
| J

Xy Yw

Fig.2 Experimental setup of the experiments
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Fig.10 Experimental scene 3

Table 1 Results of tracking
Morning | 62%
Daytime | 58%
Evening | 52%

oooooooooo400000000004.20000
0000000000000 000000 Table1 OOOO
0000000000000 U0o0oooOoooDO 60% 00
oooooooo42000000000000000D0AO
goooboooooboooooobooooobooooooDooo
goooooooooboooooooobooboooooooo
gooobooooooboooooobooboooooboooooooo
gooobooooooobooooobooooooobooooDooo
goboboooooooboooboooooboooooobooo
gooooooooobooooboooooboooooooo
gobooooooboooooboooobooooobooo

[No. 09-4] Proceedings of the 2009 JSME Conference on Robotics and Mechatronics, Fukuoka, Japan, May 24-26, 2009
1A1-D16(3)



L)

*

y[m]
y[m]

ylm]

ID_]- -10 5 0 5 10 ID_Z.IO 5 0 5 10 |D_3-1o 5 0 5 10
x[m] x[m] X[m]
I M Predicted value ~ ®Measured value I I B Predicted value  ®Measured value I M Predicted value ~ ®Measured value
&
T t
E 10 £ it E
= E =
— a0 -5 0 5 10 = 10 -5 0 5 10 = -0 -5 0 5 10
x[m] x[m] x[m]
I M Predicted value @ Measured value I I W Predicted value ~ ®Measured value I W Predicted value ~ ®Measured value
o 0
t t
£ %I 10 £ 10 £
P E P
d.‘

-10 -5 0 5 10 -10 -5
x[m]

0 5 10 -10 -5 0 5 10

X[m] x[m]

I W Predicted value ~ ®Measured value I

I W Predicted value ~ ®Measured value

I B Predicted value @ Measured value

Fig.9 Measured values of person (ID_ 10 10)

5. gooOooogo

goooooooooooobooooooooobobooo
gooboobooouoobooooooboooooobooboooooo
gobooooobooobooooobooooooooon
gooooooobooooooobooooooboobooooon
gobodouoboooboooboooobobooooo

gooooboooooooobooooooooDboooo
gobooobooooooobooooboooooooooooon
O00000O00OMean-shift O (110000000000
gooooooooboooooboooooobobooooo
gooooooooboooooooooooobooooon
doooooooooooooooboooobobobooooaa
goboooboooooooboooo

g 0O

(1] 000OR 000000’0000000000, Vol.22, No.7,
Pp.864-867, 2004.

[ D0ODO0OO00D0O00D0000M 0000000000000
00000000000000000000700000000
0000 D, Vol.J87-DII, No.5, pp.1104-1111, 2004.
000000000000000 00000000000000
000000000000000000000000, Vol.60,
No.11, pp.1829-1834, 2006.

00000000000000M 0000000000000
00000000000000000000000 700 250
0000000000000 (RSJ2007), IN31, 2007.

(3]

[5] Kazunori Umeda, Tatsuya Nakanishi, Yuuki Hashimoto,
Kota Irie, and Kenji Terabayashi* Subtraction Stereo -A
Stereo Camera System That Focuses On Moving Regions
-," Proc. of SPIE Vol.7239 3D Imaging Metrology, 2009.
J. H. Lee, T. Tsubouchi, K. Yamamoto and S. Egawall
People Tracking Using a Robot in Motion with Laser Range
Finder” , Accepted to IEEE/RSJ Int. Conf.on Intelligent
Robots and Systems, 2006.

gobooobooobooooboboon oboooboobooboo

goooooboOoooooor,0booboooobooooog

(MIRU2008), pp.294-301, 2008.

goooooOoooooobooooobo0ooog ooboo

gobobooooooooooooboobo boooooobooooo

googdr",024000000000O00O0O0O0O, 2B22, 2006.

Y. Hashimoto, Y. Matsuki, T. Nakanishi, K. Umeda, K.

Suzuki and K. Takashiol? Detection of Pedestrians Using

Subtraction Stereo” , Proc. International Workshop on Sen-

sorWebs, Databases and Mining in Networked Sensing Sys-

tems, 2008.

[10] S. ThrunO W. Burgard and D. Fox, 0000 O:“ OO0
goooor,0ooooooooobog, 2007.

[11] D. Comaniciu, V. Ramesh and P. Meer] Real-Time Track-
ing of Non-Rigid Objects Using Mean Shift " , Proc. IEEE
Computer Society Conference on Computer Vision and Pat-
tern Recognition, Vol.2, pp.142-149, 2000.

(6]

[No. 09-4] Proceedings of the 2009 JSME Conference on Robotics and Mechatronics, Fukuoka, Japan, May 24-26, 2009
1A1-D16(4)



