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Robust positioning method for soccer robots using omni camera and dead reckoning
Use of LMedS method for landmark correspondence

*Ryo Kurazume (Kyushu University) Tsutomu Hasegawa (Kyushu University)

Abstract— In this paper, a robust positioning system is proposed for soccer robots equipped with an omni-directional
camera and wheels. The robot identifies its own position by observing some landmarks placed around the field through
an omni-directional camera, and by counting rotation of wheels. As afirst step of robust positioning, LMedS method is
utilized for making correct correspondence between observed directions and landmarks.
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Fig.1 Positioning in case that correspondance of landmark
number and observed direction is unknown

O00OFrQlOOODOOOOOODOODODOOOO M
O0ooooooooooooboooooobo NOOO
OoooOo0o0oO0OO0o0oooooo0o00 ¢gi,i=1~N0O
goooboobobobooooooobooobooban
oooobooooooao

1. 000MO000OOOOOOO0O00000 300
000000000000

2. 00000 NOOODOODOODOOD 3000000
00000000 10000000000000
00000000 ADOOOCOOOOO0O00000
00 P,0000OCO

3.000N-3000000¢,00000(Q) 00
0000000000000 P,O0000 M—30
00000D00000000 ¢,,j=1~M-3



000000000000 ¢; 000000000
oooo0000000000000000000
0000000000000000000000
000000000 E,;=(6¢)*?000000

4. 3y000000000000000000000
000 Briyi =1 ~N-30000 Egmea =
med;E,; 000000000000000000
P, 000000000 REL, = - — 000
ooo

5 ~(@#0000000000000000000
0000000000000000000000
O Pmaac = INAXREL, Pk oooooo

6. ()~()0000000000000000000
0000000

gbooboooooooboooobobooboobaoo
gbooooobooobooobooboood

Pz = max medg, , Py @)

000000 ))oooooooooooooooo
00@OoOO000o00oO0o0ooUooooooooooo
0000o00oO0o@Uoooooooooooooooo
gbobooooooobooboboboboooon
gbobooooooooobobobooooogn
gbobooooooooboobobobooooogn
gboboooooooboobobobooooooon
gbobooooooooobobobooooogn
gbobobobobobobooooooooon
goooboooooooboooboooooooon
gbobooooooooobobobobooogn
gbobooooooooobobobobooogn
gboooooooobobobobooooogn
gbobooooooooobobobobooooon
gbobooooooooobobobooooogn
oboooboobobooboboobooooooboooon
ooooooogoo

3. DObOOoooooooboboboo

FigeODODODOOOOO 2000000000000
00000000 (Lo~ L;)00000000000
000000000000000000000000
0000000000000 O00000000000
0 (Figl3) 000 9790000000 0000o0ooonon
000000000000IP-5005)000000000
00 Celeron 700MHzOO OO LANO OO OOOOO0O
000000000000000000000000
000000000000000000000000
O (5000[mm],4000[mm],180[deg.] 0 00 OO OO OO
ooooooo

0000000000000ooooooooog
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000 TeblelOOOODOOODOOOOOO
00800000000 0O00D0DDN0OONODOO

Enemy's goal

Ls (0.8000) L7(5000,8000)

L4(1500,8000) L3 (3500,80p0)

N

L1(1500,0) L2(3500,0)
Ls(0,0)

4 T Our goal
x

Fig.2 Field and landmark arrangement for middle-size
robot league at RoboCup 2002
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Fig.3 Soccer robot for middle-size robot league
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Table 1 Direction of landmarks

No. | Landmark | x [mm] | y [mm] | direction [deg]
O L, 1500 0 52.2
02 L, 3500 0 72.0
O3 Ls 3500 8000 -66.6
O, L, 1500 8000 -59.4
Ls 1500 8000 N/A
Os Le 1500 8000 93.6
O¢ Ly 5000 8000 -88.1
Lg 1500 8000 N/A
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Table 2 Procedure of correspondance calculation

N. | Landmarks | Ovservations | (x,y,0) REL
1 | Li,Ls,L; | O1,05,0, | 2461.9,-678.9,150.4 | 5.21
2 | L7,Ls,Ls | O1,06,05 | 946547125-132 | 858
4 | L¢, Ly, Ly | O5,05,0¢ | 4937.3,3812.2177.7 | 31.8
12 | Li,Ls, L7 | O1,03,06 | 4993.7,4209.0,178.2 | 35.3
57 | Li,Le,Ls | O1,05,05 | 4973.1,3993.4,177.0 | 55.9
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Yy —Yp = (B — zp) tan BD 2
ya —yp = (x4 — zp)tan AD
= (zp —zp)tan AD + (x4 — zp) tan AD
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Fig.4 Positioning by measuring the directions of land-
marks A, B, and C.

ooooooooboooon

ya —ys — (xa — xp)tan AD
tan BD — tan AD

ya —ys — (x4 — xp) tan AD
tan BD — tan AD

©)

rp =TB +

tan BD

Yyp =Y +
(6)

DDDDDDDDDDDtanAfB:ﬁDDDDADJ.AB

OO0 tanADtan AB=—-10000000 LABD = AB—
BD =90°—¢, 000

tan BD = tan(AB + ¢1 — 90°)
= —cot(AB + ¢1)
_ 1 — tan AB tan 1

= ()
tan AB + tan ¢

00000000000 (5600000000000

A —yB — (wa —wB) tan AD
tan BD — tan AD
=za+ (ya —ys)cot ¢ ®
ya —yp — (x4 — xp)tan AD

$D=$B+y

= A _ tan AD
yp =ys + tan BD — tan BD an
=ya — (xa —xzB)cot ¢1 (9)
OO0O00OO0O0OoOoEODOOOO
g =xc + (Yo — yB) cot g2 (10
ye =yc — (zc — TB) cot P2 (11)

oooo
000000 XOBDOOOODODOODOOOOOODO
(5,(6)00000

yB —yp — (zB — xD)tanB_X
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Fig.5 Calculation of robot orientation



