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A Study on the Path Planning and the
Cooperation Algorithm for Multi Mobile Robot

Seong—-Woo Hong
School of Mechnical Engineering Graduate School

Pukyong National University, Busan, Korea

ABSTRACT

In this paper, we construct the robot soccer system. Also, we investigate the
real time path planning and the action selection strategy of each robot. The
system is one of the multi—agent robot systems. Among many works of the
system, the most important things are about the motion of each robot and
about the action selection strategy. Because each robot is free-ranging
mobile robot, it is needed to make the path and to choose a proper action.

In path planning, we suggest three terms. One i1s to minimize the total distance
or time, another is to determine easily, and the last one is to avoid obstacles.
In cooperation behavior algorithm, we propose a reinforcement learning-—
based method is applied to realize the cooperation of mobile robots. Q-
learning, which is one of the popular methods for reinforcement learning, is
used to determine what actions to take.

We show result through the simulation and real experiment.
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4.3.2. Infinite—horizon model
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HA A 77 EAT w HHo Fe 3t d= S 2o
V*(s)Emaxa{R(s,a)+yZT(s,a,s')V*(s')}, OsOS (4.3)
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H

8 ¢k&(nondeterministic) A F 72 ygolHth 24 A<l
B3 el Aol A At dss A4 s, ath ot v AEIS 1A
ol Aol dEe s, aclgt & wWl Q stEel 42 uad 2ok
Q(s,a) « r+ymax, Q(s',a") (4.5)
2 A 43 F5Q B9 Q 59 4L uEI Ak
Q(s,a) ~ Q(s,a) +a(r+ymax, Q(s,a')-Q(s,a))  (4.6)

71 a = SEES UEkdG. @A HA el o v Aol wiHSls
46



A He Q

o] #kt

Gl ghel it

=
=

w2 gl el Qat el M FH

Tor

Ho

i
)

(K

oj

|

Bl 23 AlAEe) 7MY 2

0SS
o
R

M
(-

=

e
ol

Ho

o

oK

olul
ES

Fed @Al 7+

5

“ﬂ

= o
o =

R

e =

al

—_
fite)

2o

o
HO
NJo

Output layer

Hidden layer

Input layer

Ball

position

Robot ;

position

'
distance d()

Opponent
position

Q- value

Goal (

Opponent (

i : Our robot index
j - Opponent robot

distance d .

Reward value

index

\

state

action

Fig 4.1 Q-net

JE] soF dF ad

Tolt}. Fig 4.2

el
=

S
) .

ol Q#

ek

47



SxAQ &5

GERES

I soF acll whal wid= A%s

b 918

5]

= T4

A

o

b 2E

S

ojatstel FEHl= A= ofok

L=Nye]
=

PR o5 %

5

2 HT & vk

5

7}

==z
=}

& 1 & Ho

A}-&-3t}, Fig 4.1

S
=

=

ﬁo

oltt.

=
=

03} 1Akole] Aatate gt

= O
=

zte] 3k

<)
pud

e,

S
=

19 W Q-net

7}

5l actiongte] ¢

<)

ksl o

ok o de] 393 4714

ki3

bl 2

5]

N
o

JJo
—_—

]

gt 4

o]
H

b @ol Xt whEbA o

jeje] g el weh Aus)

o

o] 8%k Q(s,a)7F Z+ s¢} adl

<]z
Tor

1A "ot

Valie

Fig 4.2 Q-value about the state and the action

Ar“rinn/-r_-,- ﬁ _L_'_ﬂﬂ o

State

4.6.1 ¥ Q-net 7+%

M

—_
10

ul
K
it

Ho

N

o]
o

K

il

B

48



5o ofejst gk,

&

)

D3 @ Abo] Fo]

5 Age

7}

O3 @, @3 @ Ate] FHo] =t

AN

:

of vebdlltt. (a)ellA

T
-

(b)oll A

al
o

Aol 7t

Eis

DN

)
file}
;OO
ol
g
il

o]

T
T

FaL (b)oll A

oy
mil
7A

i

0%

B
110
o
B

k

;OO
=0

H

oG
} (opponent

goal
position

oG
(bpponent

1 AelEae] Ag,
il
(a)
49

(b)

t}. Fig 4.3(a)olA]

Eis

I AYE ALy

.



Fig 4.3 shoot
Q-netS HolEth 477 JYyHW FFES ME s
7k m3ols) Agshed 2R ofn] ool Rl o8] HHg FAsL g A

ot} whebd MRS WHe Adste] wd A7) Aol shizv o] o

Fig 4.4 Shoot Q—net

Table 4.1 Definitions of events

oA A7

hitball 250 5 5=
hitrobot 2R e 2ESE
arrive EEAH =37
Ballnear o] dAAY ol U+

rlo
o
o
i)
=
%0
rlr
Ll
e
o
Lt
RS

_/’:
ghal & 4= Uk olw e E= A
Rl ¥

=
= 33 7P 7k A Z3o] dt)



4.6.3 32 Q-net T+&
ool At g wwckE A7W 23e AN Fasi)
ggol Geb Ax Aotk b oflold Q-netsl AARE A A A

T

¢ =3o| H¥7l ALAT Fig 4.6004 EAGA.

. —> Q-value T A= .\ . —> Q-value

m
rlo
rL.l
fl
bt
o

L
rlo
)
frtl
e
20

Fig 4.5 Defense of Q-net Fig 4.6 Pass Q-net

4.7 AA A 7]

assistor \\E]

— =
/P /

Hefender

Fig 4.7 Situation ground

51



A 7" AlA"HS 5 W 5 AVE

)
M
o
it
e
=
=
AC)
=
it
e
i
1o,
o
I
r
X

7} o] el Al2~ERTE ¥ Zslta AL s AT H) A RS
S AAeta 2= ArRol e EHst ymA Ide =71HE 1A
o ® A3t} Fig 4.8 AMEEe] e H7 A old ¥E 3 HHS vl
Aolth, Z5=ol M 4AdNA = FallXl QaE=FE dE as A48 fsiA
Q#E adl wet gt 4 gE 32 F(cumulative probability distribution
function)& ¥ F g LAste] o] ol &E X I ol AT 3
S 2 HArtol AL 73} s59 exploration 2 exploitationEA S & &7
g Aolrh., x|t @AM A (4.6)S AEdte] AEE Quks AE - o

e A AR 8 9 3w st JHaE st =gl

A GH s2A
H soll A BE AE adl

ek Qak At

U

op@Q,@)
>0, * e

I

2w 7teA 742l

of

ak

R

2
2

Fig 4.8 Flow chart of decision making and strategic learning

52



Fel 2 of 224 WA skEA7]7] $

0

51)4

ofp

x-0+

i

attacker

g
o.

T

Fig 4.9 Situation shooting

AR 1 Fig 4.10A4

A<

A

A

a3 oF

S
=

5L O A~
O] /6]—0'1:7\“

o =

==
3

1A =]

A H

0|

°] 7k

4

I-l“-u-

move

blockin%3

pass



shoot shoot

Fig 4.10 Action values versus learning epochs

54



AS5FAEAE

5 9l

F 7)1 %=

<)
pud

2 Ag3 o)

she)

Ho
=y

umo
e

9]

e AgL 2%

3 Al

=of o
A

& °ol&skil. A=

il ]

9

F71 dA &714

S

ta -4

5

S

452 tde] =

T
T

CER

3f

A7) 9

[e)
=

3

Aol mel 7%

E
=

EEEE

3} 2ol

ol

S}
=

A -3 = o] of

=3

S
=

IAHew HA 5

Z

i H

5

51‘)4

P S o] met 2

5]

g0l 7hsstelop

S}
o

o 3l

N

o))

o

B7F AR "Hev e

s}
o}

e A e

5]

i 2 7]

PN
T

ol ket

BE] A

55



Za 3
[1] H.S.Shim, M.J.Jung, H.S.Kim, [LH.Choi, W.S.Han, J.H.Kim, J.H.Kim,
“Distributed Control Architecture for Cooperative Multiagent Systems”, Proc.
Of Micro—Robot world cup soccer tournament(MIROSOT), 1996

[2] Peter Stone, Manuela Veloso, Sorin Achim, “Collaboration and Learning
in Robotic Soccer’, Proc. Of Micro-Robot world cup soccer
tournament(MIROSOT), 1996.

[3] John Harvey, Chao Cheng, Dennis Michaelson, “High-Level Design of a
MIROSOT  simulator”, Proc. Of Micro-Robot world cup soccer
tournament(MIROSOT), 1996.

[4] Eiji Uchibe, Minoru Asada, Koh Hosoda, “Strategy Classification in Multi—
agent Environment—-Applying Reinforcement Learning to Soccer Agent’,
ICMASS’'96 workshop 2: RoboCup Workshop: Soccer as a Problem for Multi—
Agent System, 1996.

[5] A.H.Cai, T.Fukuda, F.Arai, and T.Ueyama, A.Sakai, “Hierarchical control
architecture for cellular robotics system’, IEEE Proc. Int.Conf. on R&A 1191-
1196, 1995.

[6] Noreils, F.R “Integrating Multi Robot Coordination in a Mobile—-Robot
Control System”, Proc. IROS "90, 43/49, 1991.

[7] Pape, C.L “A Combination of Centralized and Distributed Methods for
Multi-Agent Planning and Scheduling”, Proc. 1990 IEEE Int. Conf. Robotics
and Automation. 488/493, 1990.

[8] Kui-Hong Park, Yong-Jae Kim, Jong-Hwan Kim, “Modular Q-learning
based multi—agent cooperation for robot soccer’, Robotics and Autonomous

Systems, ppl09-122, 2001.
56



[9] Kostas Kostiadis, Huosheng Hu, “Reinforcement Learning and Co-
operation in a Simulated Multi—agent System’, IEEE Proc. of the 1999
[EEE/RSJ Int. Conf. on Intelligent Robots and Systems 990-995, 1999.

[10] Takayuki Nakamura, “Development of Self-Learning Vision—-Based
Mobile Robots for Acquiring Soccer Robots Behaviors”’, Proc. of the 1998
[EEE Int. Conf. on Robotics & Automations Leuven, Beigium, May 1998.

[11] R. Polesel, R.Rosati, A.Speranzon, C.Ferrari, E.Pagello, “Using Collision
Avoidance Algorithms for Designing Multi—-robot Emergent Behaivors”, Proc.
of the 2000 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems 1403-1409,
2000.

[12] Ou Haitao, Zhang Weidong, Zhang Wenyuan, Xu Xiaoming, “A novel
multi—agent Q—-learning algorithm in cooperative multi—agnent system’, Proc.
of the 3" World Congress on Intelligent Control and Automation, 2000.

[13] Sjerd Van Der Zwaan, Jose A. A. Moreira, Pedro U. Lima, “Cooperative
Learning and Planning for Multiple Robots”, Proc. of the 15" Int. Symposium
on Intelligent Control(1SIC2000), Rio, Patras, Greece, 17-19 July, 2000.
[14] AFE “25 F7 Al="7, HIA

[15] Dong-Han Kim, Yong-Jae Kim and Jong-Hwan Kim, “Nonlinear Field
based Path Planning and Petri—net based Role Selection Mechanism with Q-
learning for the Soccer Robot System’, FIRA Z=HE =T33 &3I4 =84,
2000.

[16] Sung Ho Kim, Jong Suk Choi, and Byung Kook Kim, “Development of
BEST Nano-Robot Soccer Team”, Proc. of the 1999 IEEE Int. Conf. on
Robotics & Automation, Detroit, Michigan, May 1999.

[17] Byoung-Ju Lee and Gwi—-Tae Park, “A Robot in Intelligent Environment :

Soccer Robot”, Proc. of the 1999 IEEE/ASME Int. Conf. on Advanced
57



Intelligent Mechatronics, Atlanta, USA, September 19-23, 1999.

[18] M.-J. Jung, H.-S. Kim, H.-S. Shim and J.-H. Kim, “Fuzzy Rule Extraction
for Shooting Action Controller of Soccer Robot”, Proc. of the 1999 IEEE Int.
Conf. on Fuzzy Systems, August 22-25, 1999.

[19] Byoung-Ju Lee, Sung-Oh Lee, and Gwi-Tae Park, “Trajectory
Generation and Motion Tracking Control for the Robot Soccer Game”, Proc.
of the 1999 IEEE/RSJ Int. Conf. on Intelligent Robots and Systems, 1999.
[20] AF=, AE3, AEA, AT, " 2ES AF Ao7] A", Proc. of
the 12" KACC, October 1997.

[21] A&, A2, A5, AL, AT, A d9 A="s 9% v
7Iak S 25 Al 2="e] A, Proc. of the 12" KACC, Octorber 1997.

[22] 3+, AKre] oldldl, Q= “MIRAGE I &% A|2®lo] 7|A” Proc. of
the 12" KACC, October 1997.

[23] Xiaoxhu Wang, Masanori Sugisaka, “Learning Soccer Robot Using
Genetic Programming”’, Proc. of the 14" KACC, October 1999.

[24] S.-W. Hong, S.-W. Shin, and D.-S. Ahn, “Formation Control Based on
Artificial Intelligence for Multi—agent Coordination”, Proc. of the 2001 IEEE
Int. Symposium on Industurial Electronics Proceedings, June 12-16, 2001.
[25] S.-W. Hong, G.-J. Choi, J.-1. Bae, and D.-S. Ahn, “A Study of
Cooperative Algorithm in Multi Robots by Reinforcement Learning”, Proc. of
the 2001 IEEE Int. Conf. on Control, Automation and Systems, October 17-21,
2001.

[26] RF. Communication Module Reference at “http://www.rfsolutions.co.uk/

rf_prods/ fm_bim.html”
[27] Frame Grabber Reference at

“http://www.matrox.com/imgprodm.htm#Me teor”

58



=]
® =

A. tlo]I 2 AEER HE 2L

|uu| T LA

] 1II?It?l

59



= ]
o
r..!: =
C. RF&2I# 3 =2%
3 15 (TX select) 3 16 (RX select) o5k

1 1 Power down(<1A)
1 0 Receiver enabled
0 1 Transmitter enabled
0 0 Self test loop back

60




hi
3 P -I: Lo
J = -
s = J-: TIREGE: ﬁ J
] I: b | o
1 I“: 5
Wl = 0y HAEC Ir
fm am T —=
N -nu!l:_lﬁuréﬁ-'ll_:
w TEaasr
b
™ | —— il
= L WL i ] e
har hal
l—m—" o wH—
) il s
— =1 u —
t o tete od
_mn = - = - -
- g W m E _r..|.|.|.
CT §E
[T T
i -
1 _Sjjl 1 I'L - W
1= I H [LL] T
A & RPIT | [ |_I|I J_,., -
Bl [, T L)
|
i
i Ay iR
I GRTERRA RELECT
! i “SELECT :E TSR
We WL kT = e
RF_GHD o, [ATA —H I —
— Er' HD DT Feuls
oD nE_ALDE
16 giin CARRIER BEVECT 5
- TEEAS IR T -
[
1 1]
T Bl Y=
FEMD
Fas LG g
TRESKES
! -J—|— W |
i W oiIT a
[ —_l
coMr T+ e I+ E J.t = Cid =]
= m -T- I:EE o.1aF .T.\, i.1sF
B ! I
| I R
-

61




D. DC &9 v|YRE 2224 ALE

senes 2224 ... 5R

Uy 3

1 Kominal B a3E Vil
I Terminal triidance ] 0.5k 184 BT 1750 36,30 91,45 ¥]
= ﬂul;!ul.uu-r i s 132 45 405 4,54 R ] 346 W
& Elfaigngy LT R A2 L+ i a Al L]
5 Fpload spseed P B [ e T RoO 100 TR0 7 B0 e
B Mo-load cument [with vraft o 3.0 mm) B 1,066 0,030 0,004 2,000 2,007 0005 A
T sl tmque L ES Mmr e N4 160 18 e
B Frefion icrguee (8 .23 (1] 0,2 [ %3] &F [ 5 | i
8 Spead comtant s 2T 1 380 BST 451 174 219 rEmey
10 Bk -EMF cosgLam L] 0,168 0775 .50 200 1240 450 | mipa
1 Todgpes Dol ™ 1,49 B AT 14,50 21,00 28,10 a1, 5 M
§F Curent coratan K 0,388 0, he 0,089 R 1= T 001 | Adrrlm
13 Siops of i cuns And it 413 a7 E. 1] i 411 a4k | rgemie ke
14 Rolor indwstance L i1l a5 A FT ai) | 30 jiH
15 Rirchandial e porgdans T 0 15 18 51 Tl 1 e
16 Rolar inerlia ] 2.4 FE LT ] 1 13 g
I7 Amquilar SOOEMTITN [ . i ™ ™ 77 k] i 10 iy
1B Teamal redmanoe Bai fRet 5008 LI
B8 Thaermal times consieng Bt d Tws 681440 ]
20 Opecatng tempeeatunr range:
= readae BE o8 Bk[opional - 55 & §35) =
- neber, mu pErrrivii ke +12% L
M Shah bearings srbeed Broned dledin  ball bedrng Eall beariegn, prefosded
2 Shatt gl e fiLarsdand) erprtbaarnal] o ol
=waith shadt dismeeher Fa:] L0 Fa:] et
— suatinl t BORD e |1 e evae bepar g 1.5 ] i L
- amal al T epm (1] (1] e K
= dail al wiaahil -] R B K
2% Shah play:
= 1apibal - 0oy oo 1 T L] mm
dual E 1) ar 1] L]
A8 Mowng mateaial Fliel blaah L0013
I Weight £ 0
28 Dirmiton of iotation rinicovioe, veraved Feoem thee trond 1poe
T Speed up to Fa e A 300 B 0o E D20 5000 [T [T T
I ToeQue up &6 L 5 5 5 5 5 H] i
20 Cwrrent wpio | Hhas mal Brresg L 2.0 1,200 0,5 L -] ] LR A
[ a
oz S0 o20 oT4os o2 de  o7dm oeas Sl
I = . : e :
| |4 s A |& (=11
5 ¢l nge| Apw 149
05 I D) i3
=}
=12
a i Lt ]
106
- A
& z1 ||
o nlle R
L B 102 BERELE] 2
X340, SR 2R SR
Bor Geatheads 20

Tor om0 1wl v rebed 10 Wi al o od wul ey

e e vl Db e o Do sdee

62




Lirses pir reswdluteon

Signal output, square wave . |2 channels
Supply voltage Voo |+ 5+ 5% vioC
Current consumption, typical (Voo = 5V DL lpo | typ. B, max, 12 |
Output current, max. | gy 1 i
Pulse width P | 1B0 = 45 ]
Phase shift, channel A to B i o) = 45 e
Signal rise/fall time, max. (Ciaan = 50 pF) whf LB LR | s
Frequency range 7, up 1o f 20 40 80 160 kHz
Inertia of code dise ] | 0,09 | gony?
Operating temperature range -235..+85 "
"W oo =5V DC: Low logic level < 0,5 W high logic level > 4,5 V: CMOS and TTL compatible
o \elocity {rpm) = f (Hz) x 60/N

P‘Mﬂﬂm B2 CADG MO deladd

G0 _ M2 27 deep 022 Soe2 07 80s 02 558

| o005 a]
L ooz
133
15010

el [
o e

Rotation

Admissible deviation of phase shift
ab=| 90°~5- + 180°|< 45°

Channel B

Output signals
when di of rotation as seen
from the shaft end is clockwise

“L.-"}Eh .58 — = Chansl AB

—f e s OND

531
Output circuilt Connector
Mote: Motor terminal resistance DIN-41651
increases by approx. 0.4 {1 grid 2,54 mm

OiC-Makar T214
HIFE= SO Jmoe =R

63



o
8K
o

aig
or

oS

5w -

of Fag A

KX
=]

]

%

AY 2 A4S BA HAFHTH

el

o

2 7} 2]

A%k

o
T

o)

rvzel

;Qh_

—_—

<X
!

0

e

!

z
&
Gl

=
T

A A B2 Ewa

T
T

& A=

]

%

’

FoAl ZAF=EHUY A 3223k Yo AE mof vk byt

o]

2w,

ANA o] =i

=
=

7}

T
T

5

vhA o el A

64



	표지
	목차
	초록
	1. 서론
	1.1. 기존 연구 고찰 및 연구 배경
	1.2. 연구 내용 및 구성

	2. 로봇축구 시스템
	2.1. 시스템 제작
	2.2. 경로 궤적 계획의 필요성
	2.3. 협동 알고리즘의 필요성

	3. 경로 계획
	3.1. 경로 계획
	3.2. 변형된 경로 계획법
	3.3. 실험

	4. 협동 알고리즘
	4.1. 강화 학습
	4.2. 용어
	4.3. 강화 학습의 최적화 모델
	4.4. Q-Learning
	4.5. 역할 분할 알고리즘
	4.6. Q-학습에 의한 행동 결정
	4.7. 전체 제어기
	4.8. 실험

	5. 결론
	참고문헌
	부록

