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In order that a mobile robot moves to destination safely the robot needs self-localization and detection of

surrounding obstacles.

information of external cameras and an odometer with Kalman filter.
Every time the robot estimates absolute position and direction and

obstacles using onboard stereo cameras.

We estimate the accurate absolute position and direction of the robot by integrating

Also, the robot recognizes surrounding

observes disparity, we update probability map of obstacle existence by using Bayesian rules, and detect obstacles.
Previous works using Bayesian rules update the map that uses likelihood model by assumption that each existence
of grid point is independent. Our method updates the map that uses likelihood model by occlusion and obstacle’s
size. Finally, the robot moves toward the goal based on the probability map.

1. 0000

goboooobooooooooooooobooooboooo,
gobooboboooooooobooooooooooooooon
gboboooooooboboooobocoooboboooobooon
goobooodoooooooboooboooboooooooooooo
gboboooodobdoboooboooooobobooooon
000000oD00ooo00ooooOooooU Miura 02]0
gbooboooooooboboooobooooboboooobooon
gooboooooooooooooboooooooooooon
gooooooooboocoooboooooobooboooooo
gbobooooobooooooboboooooooooon
gooooobooooooooooobooboooooboo
gooboooooooooooooboooooooooooo
ooooad

goboooooboooocoooooooooooobooboobooo
gobooooooobobocooooooooo

goobooboooooooooboobboooooobobobooo
goooobooooooooooobooooooooooon
gooooooooboobooobooocoboooooooooon
gooooobooooooooooboooooooooooo
gooooobooooboooboooooooooooooooo
oo

2. 0J0bobboooobobo

goobooooooooooooboboobobObOObOoOoO
gobooooooooooooooooooobooooooon
gooooooooboooooboooobooocooooooon
gooooooobooocobobobooboobocbooooooooo
goooooocooon

gooboooooooooooooooooobobooo
gbooobooooooobooboooobooooboboooooon

000: 000000000000 00000 oooao
0000OD0O0ODDbOO0OOo0O0OO0ObODDOOo6-6879-73330
haraguti@cv.mech.eng.osaka-u.ac.jp

HMEEAYO

01.go0o0ooo

gbooooooobobooooobooboooboooboooon
gobooooboooooooboooboobooboooooboooooboo
goooooooooooooobooooooooooooon
goooooooobooooooooboooboobooooooooo
goooooobooooboooooooooobooooooooo
goooo,000ooo0oooooooobob0oooooooon
gobooooobooooooo

21 0000D0O00OO0COOOOOOO
000000000000000000000000000
000000000000000000000000000
00000000000 (00 0000000000000
0000000000000000000000000000
0 (z,y) 000000000 (X,Y)OO0 (1)0000000
0 ADDDODOODOO sO00D000000000000
00000 ADDOODOOOOOODO0O0D000000
000000000000 s0000000

T X
y = SsA|Y (1)
1 1

00000000000000000000000 AQO
goooooooooooooobooooooooooooon
goooooobobooooooooobooboboooooooo
00000000000 A0OO0OO0OOOOO0OOOO000
goooooooooooooooboobooooooooooon
gooooooooooooooooooooooooooon
goboo3gnoooooobooobooobo 20000



The 18th Annual Conference of the Japanese Society for Artificial Intelligence, 200/

02 00000000004d

03 0000000
oo

22 [0OQO000OODOObDOObDOO
cobooooooboooooOoOobobooooobOOooooo
gooooobooooooooooooooooooooon
goooooooooooooooooooooooooon
gboooobooooobooooboooOobooon 40
ooooooO0o0o0oOo0oOoooooooooOoO ALOOO
o00o00O00oo00oo00ooD A0 OOOO0ODOO0OO0
oooooooo0oOoooooO0oooooooon AalO
ooo

RIEID @ E
04 00000000

2.3 000000000000O00O0O0O0O0O0O000
0oooo
000000000000000000000000000
000000000000 0000000000000000
00 [Welch 01)00000000000000000000
0000000000000000000000000000
00000000000 00000000000000000
ooooDoog
0000000000000000000 (z,y)0000 6
00000r000000000000000000000
Xp = (Tn yn 0,)T 0000000 n—-1000 x2_, 000
nO000Xx 000000000 X,,=xExE_)'oooo
0000000000 00000D0000n
0000000000000 5000000000000
000D00000000000D00000000000000
0000000000000 0000000

y

At =8

BEHIL

&

BSOS T 3tO

Fr R4

s 0000000

06000

000000000 wDOOOOOODOOODOOOODOO
gobooooooooooobooooboooooooooooon

Xn+1

00000600000« -/ 00000000000 rO
oo0ooO0o0o0o0o0o0o0O0D At00000 x00000 Ax
00 -y 000000000000000060D0DODODO

gogoog
Ax cosf —sinf rsinwAt
sinf  cosé r(1 — coswAt)
oodor=20000000000
Ax = 2 2)

w \sin (9+ %At) sin“TAt

(cos (9+ ‘“TN) sin “’QAt)
000000000 un = (vn, wn, At,)T 00000 qn =
(qu,ns Gun, th,n)TDDDDDD (2)00ooOooooooo
Ooo0oooooo

f(X’I'Ly Un+1, qn+1)

o + 2(Vnt1+92,ny1)

Wn41+9w,n41 COS(Q + 1/’) s 1/1
2(Vn+1+4z,n+1)

Yn + PR sin(6 + 1) sin
On + (Wnt1 + Qunt1)(Atnt1 + gae,nt1)
Tn

Yn
On

®3)

00000000000 0000000000000000
000000000000000000

0000000000000 00O000000000
0000000000000 000000000000
00000 (Towts Your) 00000000 2,
(Tout,ns Yout,n, Alny, Ay, Aa,)T 000000000 ¢, =
(Pagnsrts Tyous.ns TALn, TAB.ms TAam) . 0000000000
00

Znt1 = h(Xnt1, Tni1)
Tn+1
Yn+1
= V(@1 = 20)? + (Ynt1 = yn)? | +roqa(4)
9n+1 —0n
-1 Xng1=on) _
tan (Ynt1—Yn) On

00000 (3)0(4)000000000000000000
0000000000000000000000000000
000D00000D0000D000000D0000000
0000000000000000000000000000

3. DOooobOoobon

gbobooooooobobooooooooooboooo
00000 (0 7)oooooooooOooooooooooo
goboooooooooooboooboboooobooooboobooobo
goooooooooooon

3.1 OOOOOOO
goboooobooobooboooobooooooooooon
gooooooooobobooobooooooboooooDooon
goooooooooooobobo;0000000D0000O0
0000 E000000000 EO000DO0OO0D0O0OO0
o000 o0ODOCOOOOODODOOOOOOO OODOOOO



HEilo, O)

The 18th Annual Conference of the Japanese Society for Artificial Intelligence, 200/

i |
A

g7 o0ooo0oooooo

Ol0000oO00O0ODDDOOODDOOODDOOOO
P(E;|0,0) 00

Plo|E:, O)A(Ei|O)
Fo|O)
Plo| E:, 0)A(Ei|O)

= HolB., O)AE[O) + Fo|E,, 0)AE[0)

0000000 B, 000000000000 P(o|E;,0) ~
P(o|E;)0 P(o|E;,0) ~ P(o|E;) 00D DODOODOO

Ro|E.)AE/|O) + o|E) E|O)

00D000000P(E|0)DPE0)00DOODODOOO
0000000000000000 P(o|E;,0)0 P(o|E;, O)
00000D000000000000000000000

3.2 0J0O000O0O0O0O0OO0O0OOO0O0OO

00000 Plo|E;) 00000 00000000000
000000000 0O0O0OO0ODO0000000000000
000000000000 D000DO0OD00O000O0OODnOn
0000000000000 00000000000onoon
0000000000 :!(0000000000000 o400
0000000000000 O0D0000OooDooo»”o0
0008000000000 DOO0OODOOOOODOOOO
00000000!00000000 k0000000000
000000000 E,000000C0O000 El00OO
00O00000D0OD0O00OD0OD0oO0Ooono

P(E;lo,0) =~

o8 ooooo

/0000000000000000000000000 8
0000 j000000000000000k(k<j)000
0000000000000000000000000000
OOP(EHD KODODODOOOODOOOOOOODOOOO
00000000000000000

PO'|E}Y) = PO'|EL, E)PEL) + PO|EL, E)PEL)(T)

0000000 POELLESHDDDDDDDODDOD ESO
E,0000000000000000 E;000000000
E,00000000000000 P(d|E}, EL) ~ P(d|E})
00oooooooo (7)0

P('EY) ~ PO'|EL)PEL) + PO'|EL EY)PEL) (8)

000000D000000000000000000000
0000000000EL,,=EL,NE, N...NnE,_NE,

000O00PEY) D POE,_,EL)(k=1,2,...,5) 00
00

P(o'|E;) = O P(o'|Ep)P(Ey)
+P(o'| B}, E1)P(E}, E)

+P(0l|E(l),j—2» E;—l)P(E(l),j—w Ejl'—l)

.
+P(o'|E},

ENP(BL, .y, B (9)

=1
00000000000000;000000000 E;0000
0000000000000P('E,,_,, EL)(k=0,1,...,5)
000D0000000000000000 P(EY,_,, BL)O
0000000000 P(olEH)yDDOODDOO

3.3 000000000000000
000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
D000000000000000P(E,,_,,EL)O

P(Ej .y, Br) = P(E})P(E}|EY)P(ELYE )

- P(E}_y B} ) P(E}|Ef ;)

gboooboobooobobobobooboboboDbOoDn
oo

P(Ej 1, Br) =~ P(Ey)P(E}|EY)P(ES EY)

- P(Bi_,|B_y)P(EL|E}_;) (10)

0000000 (10)000000000000000000
DO00000 P(E),,,E})00000000000000
0000000000000000000000000000
0000000000000000000000000 kO
k+10000000000000000000

P(EL EL. ) — P(EL)P(E}
Thk41 _ ( k k+1) ( k) ( k+1) (11)

VPE)P(EL) P(EL,,)P(EL,,)

00000000000 ree1OP(EL) DO P(EL,,) 0000
00000000m+ 00000000000000000
0000000000 000000000000000000
000000000 0000000000000 P(olE:)D
P(o|E)000000000O0DO0OO0OO000O00O0O0O
000000000 P(o|E:)/P(o|E;) 0 100000000
000000000000000000000000 100
000000000000000000000

34 0000000O0OOOOOOOOOOOOO

Ooodoobooooooooobooooooooooono
doodooboboooooboboooboooooobooooa
go0fdddoooboooooooouoooooooooon
000000000 00O0oOoObO0O0od0ooooooobooo
00000000000 ROODODOOOOO PR)ODDOODOO
P(Ei|o,0) O



The 18th Annual Conference of the Japanese Society for Artificial Intelligence, 200/

P(E;|l0,0) = /P(Ei|o,O,R)P(R|o,O)dR (12)

0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 P(Rlo,0)~ P(R)O0
0ooooo (12)0

P(Eil0,0) ~ / P(Ei|o,0,R)P(R)dR  (13)

000000000000000 P(R)00O00O000DO0
0000000000000000000000000000
000D000PR)OD000000000 ROODOOOODO
P(Ei|0o,0,R)000000000000000000000
000000000 R = E[R 0000 P(Eio,0,R*) ~
P(Eil0o,0,R) 000000000000 (13) 0

~

P(E;|o,0) P(EAo,O,R*)/P(R)dR (14)
0000P(Eio,0,R*) 0 P(R)ODOOOODOOOODO
0000000000000000

3.5 OOO0obOOoOooOooo
gooooooooooboooboooooobooobooobobooo
gooooooooooooboobooboooooobooooo
goooooooooboooboooooooobooooooaooon
gooooobooooooooooooooooooooon
gooooobooboovsbobobooboooobooooooon
goooooobooooooooooooooooooooon
gboooooboooooboooooooboboobOobooboon
gobooboooooooobooooobocoooooooooon
gobooooooooobooooooooobooouoooaon
goooooboooooobooooooooooooooon
obobooooooooooooooooooon

o9 oboooboog

4. 00O

00000000000000000000000000
000000000000 1000000000000000
0000000000000 000000000000000
0000000000000000000000000000
0000000000000000000000 110000
0000000000000 120000000000000
000000000000 11,120 (a)(b) 00000000
0000000000000000000000000000
0000000000 YOOOO0O0O00000000000
0000000000000000000000000 Y O
0000000000000000000000000000
00 XO0OOOOOOOOOOOO0O0OO000000000

00o0o000o0o0ooooooooboo xXoooooooo
ooooooooboooooooooooobOoooooyYy
goooooboooooboooooboooooooooooooo
gobl1oooobooooobooooooooooooan
coboooooobooooboboooooobooooooboooo
oooooooooooo

(a) 600000 (b)y 700000

010: 000000DOOO

(a) 600000 (b)y 700000

0 11: 0000000o0o0ooboo

() 600000

(b) 700000

U12: 0000000000ooooon

5. UooO0D

ooooooooooooooooboooooDOoOboboboo
goobooboooooooooobooooooooooooon
coobooooooboobooobobOOoOoboOoboOoooobobooooo
gobooooooboooooobooooboboooo

gbooooooobooooooboboobooooboooo
gooooooooooooooooooooooooooon
goooooooocooobooooobooboboooooooon
coboooooboooboobboooooobooooooooo
gobooobooooooooboobooobooooo

good

[Miura 02] J.Miural Y.Negishi, and Y.Shirai. :Mo-
bile Robot Map Generation by Integrationg
Omnidirectional Stereo and Laser Range Finder.
IEEE/RSJ’2002, pp.250-255, 2002.

[00 02] 00O0OO0OO0O0O0O0.:00000000000
000000,0 FIT'2002, L1-110 Vol.10 pp.145-146,
2002.

[Welch 01] G.Welch and G.Bishop. :An Introduction to
the Kalman Filter. SIGGRAPH2001.

[Elemenrich 02] W.Elmenrich, L.Schoneider, and
R.Kimer. :A Robust Certainty Grid Algorithm
for Robotic Vision. INES2002 pp 25-30, 2002.



