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Study on CPS SLAM :SLAM experiments using CPS-V and LRF

*Yukihiro TOBATA (Kyushu University), Ryo KURAZUME (Kyushu University),
Kouji MURAKAMI (Kyushu University), Tsutomu HASEGAWA (Kyushu University)

Abstract—Accurate positioning of a mobile robot itself and accurate and reliable measurements of the
surroundings are indispensable for an automated generation of an environment map using a mobile robot.
However, the accuracy of conventional positioning methods such as dead reckoning or the use of several
landmarks is not so high in an unknown and rough environment. We have proposed a method named

Cooperative Positioning System (CPS)

for multiple mobile robots to overcome this limitation, which

enables to localize the robot with high accuracy even in an unknown and rough environment. This paper
proposes the combined system of the CPS and 3D measurement devices such as an on-board laser range
finder or a stereo camera to generate highly reliable environment map. The fifth CPS model named CPS-V
and experimental results in an unknown indoor environment are presented.

Key Words: SLAM, Cooperative Positioning, Multiple Robots, Laser Range Finder

1. 0000

oboocoOoobooooooboobooooooon
obooo0oooobobooooobooboooogoon
gboocooobooooobooboooocobooboooon
oboooooooooboooooobooooonog
oboocoooobooboooooboboooooooon
obooooobooooooboobooooooboon

goooooooooobooooboboooobooo
gooooboooooooooooooobooog
oooooooooooobooooobobooooogag
ooboooobooooobooooboooooooo

() OOo00D0oOoO0OOU0OoOoOoOoUooOoOoUoo
ooooooooon

(2) 0000000000000 O00O000OO000
googbooobooobooboobooboo
goo

goooo0oOoOoOoOoOoOoOopopoooooooooo
goooooOoOoOoOoOooOoooboOoUoOoooooo
gooooooooooooooooooooooo
goooOoOoOoQoQoQoOoQoQOpoOoOoOoOooooooo
000000000000 DODODDOODODDDODDOO
gooo0o0o000O0O0O0OD0DDOODDOODDODODDOO
gooo0oOoO0oOoOoOoOoOoOOoOOoOoOoDOOoOo
gooooOoOoOooOOoOOOOOOODOOOoOoOOO
0000000000000 Cooperative Positioning
System, CPSOO00O0DOO 1000000000
gooooOoOoO0OOO0OO0OO0OOOOOOOOOODODOO
gooooOoOoOoOoOOoOOOOOOOOoOoOoOoOoOoO
goooOoOoOoQoQoQoQoQoOopoOoOoOoOoOooboboo
gooooOoOoQooQoooooooo
goooo0oO0o0oO0oOoOooooooooocerpsoo
gooooOoOoOoOoOoOoOoOO0O0OoOoUOooOooog

24 2006 9 14 16

uboooooobooooboobooooobooobn
gooOoooo SsLAMOOOOOOoOooOOoOoOoooo
oboo0oooobobooooobobooooon

oo0o0oOoOooooooooosOoccpSOOOOnO
cpS-vOOoOoOoOOoOoOo30Ooooooooopooon
gooooooooooooOos3sboooOooooon
goooo

2. 0JO0obOOoOobOOoboboOobooocepSH

gooooooooooooboooooooooboon
002000000 ABOOOOOOODO AOOOO
goooooooooooooooBOOODOOOOO
0AOdDOODOO0OOOOOBOOOOOOOOOO
oo00o0o0oO0OooooooOoOo ABOOOOOOOO
oobooobooOooooboooooooboooooooo
000000O0000O00oOoOoOoocpPSOOO Figl
gboooOobooob1oobooooob 2000000
gboooooobobooooooboboooogn
goboo0o0ooobooooboooboobooooooboooo
gboo0ooooboboooooboboooogn
gbooooboooooobooobooooooooobooo

(1) 00000 102000000000000000
goooo

(2) 00000000 UOOOOOUOOOUOOOOO
1000000000000000O000000
gbol1goocoooooo

(3) 00000000 200000000000D0O
oboooobooooo 2000000000

(4) 0000000000000 OUOOODOOoOOO
oooboooooooo 1o200000000d
ubooooooboboooobooboooo
obooooooboo



000000000000000000000000
000000000000003%000000000
0000000 [20

Parent robot

1

i x ¥ 0 iy E
g % A ‘@“k\
%"(\S
¥~ Child robots
(1) Robot 1 and 2 move.

. = B

(2) Robot 0 measures
the position of robot 1.

0 1
r
1E, == Cha

E;z%%i B o

(3) Robot 0 measures
the position of robot 2.

(4) Robot 0 moves and
measures the position
of robots 1 and 2.

Fig.10UOOOOOOUOOOOOOO (CPS)

oooOocpSoOoOO300000OOoooOoOoOO
gboocoooboobooooobooboboobooogon
oboocoooboooooooboboooooooon
oboooooobobooboo0ooocooooooo
OSLAMOOOOOOOO0OOOOooOooooccpSoO
000000000 00O00ooooooogg SLAM
000000000 [3I0Fig200 000000000
obooOooooboobobooocooboobooban
goooooocpSOOOO0OO0OOOOOOOOOO
oooooooooboooooboboooooooooo
obooooooobOobooooboobo 20000
oboocooOoboooooooobooooooooon
oboooooobobooooobobooooobo
oboocoooboobooooobooboooooooon
obooooooboo3obooooooboobon

It il

Child robot with active
touch mechanism

Fig.2 000000000 CPS SLAM [3]

3. Os0CpPSOOnoon CpS-v

oboooooooboob3ooboobooooonog
oooooooooooo3gooooooooooon
gooooooooosOocpSOOOoOOCPS-vO
0000 (Fig.3) 00000000010 000000o

(Nomad 200, Nomadic technology) 0 2000000
0 (HPI Japan0)0 OO0 (Figd). 000000 20
00000000 oooo (LMS 200, Sick) 0000
0o0oooooooOooooooboOo 2000004
0000o0ooooooo 8smbOO 180°00000O0O
ggboobooboobobobobooboobo
0oooooobobobobobooooo 2000000
0oooooobobobboooooooobobood
0oooooobobobobobooooo 30000oo
000ooooooo (Figbs)O0OO 30000000
gooooocepSOO0O0U0DOOOOOOOOOOO
0oooooobobobbbo0oooo 3000oooo
goooo

1

_.%?,H 1

Parent robot

]
Child robot 1
Child robot 2

3

DC servomotor

(36 W)

Fig.4aO 50 CPSO000O0OOOOOO

4. ODOO0OO0OO0OOOO0OO

ooooos0OcpSOOOOOCPS-VOOOGQOO
goooo0o0o3boooooboooobooooon

ooooObo0ooooOoo 1b40000000D0000
uboooooobobooooobobooooobo
gboo0oooobobobo3ob0obooogon
oboooooooo



F n 2D scanning

laser range
finder, LMS200

Total station,
AP-L1

Stairs 3rd scan

Nomad 200 2nd scan

st scan

Fig. 5 00000 YawOOOOOOOO 30000

oboooooooboooooooboboooo 30
0000 Figs6,70000

ooooocpSOOO0O0O0ODOOOOOOOOOO
goooooooooIceoooOoOOOOOOOO
gboooboobdobooobooboobooboobooonn
oo0o3000o0o00ooooooobooooon

g .
8 - T 10m
Child robot 1 1 adscan | Fig.7 0000 30000
~ L 7 o
_ _ 2nd scan ] \
Stairs 1t sean (}-‘ ---------------------- >
_ -t _ 000O00O00O0OCPSOO0O0O0O0OO0DODOOOOOO
N . N 000000000000000000000000
parent robot | T 000000000000000O0CPSSLAMOODO
N y 0000000000000000050 CPSOOD
Child robot 2 T 00 CPS-VODODOODOOD 30000000000
\t ________________ ! 0000000000000 00000D 3DOO0
00O00000Dooon

1st 2nd 3rd

Fig.6 0000000000 000 0000000000000 1700000

000000000000000000000000

0000000000000 00000000000

000000000000000000000 BOO

5. Qoo 0000000000000000000000000

00O0SLAMOOOOOOOO0O0OO0O0O00000 OO0000000O00000 (18360124)000000
00000000000 0000000000000 000000000



googd

(] 00D0O0,000,0000.000000000000
000000. 000000000, Vol. 13, No. 6, pp.
838-845, 1995.

2] 00O00,000.0000000000000000-
0800cps-iii 000DO0DOODOOOO- O 1600
0000000000000000, pp. 169-170, 1998.

3] 000,0000,0000,0000.0000000
000000000-ps00000000000000
O0-. 000000000, Vol. 17, No. 1, pp. 84-90,
1999.



