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Purposive Behavior Acquisition for a Robot

by Vision-Based Reinforcement Learning

Minoru Asada®, Shoichi Noda* | Sukoya Tawaratsumida *

and Koh Hosoda*

We propose a method which acquires a purposive behavior for a mobile robot to shoot a ball into the goal by using

the Q-learning, one of the reinforcement learning methods. A mobile robot (an agent) does not need to know any

parameters of the 3-D environment or its kinematics/dynamics. Information about the changes of the environment

is only the image captured from a single TV camera mounted on the robot. Image positions of the ball and the

goal are used as a state variable which shows the effect of an action taken by the robot during the learning process.

After the learning process, the robot tries to carry a ball near the goal and to shoot it. Computer simulation is used

not only to check the validity of the method but also to save the learning time on the real robot. The real robot

succeeded in shooting a ball into the goal using the learned policy transferred to it.

Key Words: Vision-Based Reinforcement Learning, Q-Learning, Behavior Acquisition, Soccer Robot, State-Action
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Fig.1 The basic model of robot-environment interaction
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Possible Actions

(a) The task of shooting a ball into the goal

(b) A picture of the radio-controlled vehicle
with a ball and a goal

Fig.2 A task and our real robot
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Fig.3 The ball substates and the goal substates
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Fig.9 The robot succeeded in shooting a ball into the goal.
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Table 1 State-Action data

time || state state action | error

step || step ball | goal L | R
1 1 (C,F) (C,F,Fo) F | F
2 2 (R*,F) (C,F,Fo) F|F 1
3 3 (D*D*) | (C,FRo*) |B|B 3
4 4 (C,F) (CFLo*) |B| S 1
5 5 (C,F) (C,F,Fo) F|F
6 (C,F) (C,F,Fo) F|F
7 (C,F) (C,F,Fo) F|F
8 (C,F) (C,F,Fo) F|F
9 6 (C,F) (C,F,Ro*) |B | S 1
10 7 (C,F) (C,F,Fo) F|F
11 8 (C,F) (R,M,Fo) F|F
12 9 (R,F) (R,M,Fo) F|F
13 10 (R.M*) | (RF*Lo*) |F | B 3
14 11 (L*F) (RRM,Ro*) |F | S 2
15 12 (L*F) (R,M,Fo) F|S 1
16 13 (R,M) (R,M,Fo) S| B
17 14 (CM) (C,M,Fo) F|F
18 15 (L,M) (L,M,Fo) S|F
19 16 (L,N) (L,M,Fo) B|S
20 (L,N) (L,M,Fo) B|S
21 17 (L,M*) (L,M,Fo) S|F 1
22 18 (L,N) (L,M,Fo) B|S
23 (L,N) (L,M,Fo) B|S
24 19 (CN) (C,M,Fo) F|B
25 20 (CM) (C,M,Fo) F|F
26 (CM) (C,M,Fo) F|F
27 21 (CM) (C,N,Fo) F|S
28 22 (CM) (CM*Lo*) |F | S 2
29 23 (CM) (CM*Ro*) | S | B 2
30 24 (C,F) (D,D,D) F|S

oobooooooooooooodoooooooobooooon
obz2ooooooosoooooooobooooooooon
gobooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
goboooooooooboobooooooooooooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
gobooooooooooooobooaoo
gbooooooooooooooooooooooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
gbooooooooooooooboooobooooooonod
goboooooooooooooooooooooboboOod
gboboooooooooooooooooooooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon
ooooooooooooooooooooooobooooon

19950 10



74 oo o oo oo

ooooboobooboooooobooboobobooobooobobooobo
ooooboooboooboooobooboo

7. OO0OOO

gooooboobuobobobooobuoobobobobooo
gobooooobooboooboooboooboobobobg
goooooobobooobbobuooboooobooobog
gboboooboboboboobooboobooboobouobooboo
gobooooobobooobbobuoboboooobooobo
gobooooobobooobbobuoboboooobooobo
gobooooobobooobbobuoboboooobooobo
goboooooboboboobobobooboboobooobo
oog

gooooboobuoboboooobuooboobobooo
gobooooobobooobbobuoboboooobooobo
0000000000000 000000 70000000
gbooooobobDooboobooobobo

gbooooooooobboooboobbooobobo
gobooobooooooobooobboboooboobooobo
goooooobobooobbobuobobooouobooobog
godoooobbobooboooboooboboobboooooobooo
goooooobobobooboooboooboobooobo
O (Scaling Problem) [15]0 00 0000000000000
gboooooboooobobobobbobouoboobooboo
gboooooboboogo

o o o O

[1] R. A. Brooks. “A robust layered control system for a mobile
robot”. IEEE J. Robotics and Automation, Vol. RA-2, pp.
14-23, 1986.

[2] M. J. Mataric. “Integration of representation into goal-driven
behavior based robots”. IEEE J. Robotics and Automation,
Vol. RA-8, pp. —, 1992.

[3] P. Maes. “The dynamics of action selection”.
IJCAI-89, pp. 991-997, 1089,

[4] J. H. Connel and S. Mahadevan, editors.
Kluwer Academic Publishers, 1993.

[5] R. S. Sutton. “Special issue on reinforcement learning”. In
R. S. Sutton(Guest), editor, Machine Learning, Vol. 8, pp. —.
Kluwer Academic Publishers, 1992.

[6] S. D. Whitehead and D. H. Ballard. “Active perception and
reinforcement learning”. In Proc. of Workshop on Machine
Learning-1990, pp. 179-188, 1990.

[7] OD0,00,00. 00000000D000D00DO0DODOOODOO
00.0110 0000000000000 000, pp. 1103-1106,
1993.

[8] OD,00,00. 00000000000D00DO0DOO0OOO. O
110 0000000000000 000, pp. 1107-1110, 1993.

[9] S. Whitehead, J. Karlsson, and J. Tenenberg. “Learning mul-
tiple goal behavior via task decomposition and dynamic policy

In Proc. of

Robot Learning.

merging”. In J. H. Connel and S. Mahadevan, editors, Robot
Learning, chapter 3. Kluwer Academic Publishers, 1993.

[10] P. Maes and R. A. Brooks. “Learning to coordinate behaviors”.
In Proc. of AAAI-90, pp. 796-802, 1990.

[11] J. H. Connel and S. Mahadevan. “Rapid task learning for real
robot”. In J. H. Connel and S. Mahadevan, editors, Robot
Learning, chapter 5. Kluwer Academic Publishers, 1993.

[12] OO, 00,00,00. ‘000000000000 0OOO0O0O0O0O.
00000000000, Vol. 59, No. 567, pp. 3405-3410, 1993,

JRSJ Vol. 13 No. 1

ooo o oo o

[13] R. Bellman. Dynamic Programming. Princeton University
Press, Princeton, NJ, 1957.

[14] C. J. C. H. Watkins. Learning from delayed rewards”. PhD
thesis, King’s College, University of Cambridge, May 1989.

[15] J. H. Connel and S. Mahadevan. “Introduction to robot learn-
ing”. In J. H. Connel and S. Mahadevan, editors, Robot Learn-
ing, chapter 1. Kluwer Academic Publishers, 1993.

[16] R. A. Brooks and M. J. Mataric.
problems”. In J. H. Connel and S. Mahadevan, editors, Robot
Learning, chapter 8. Kluwer Academic Publishers, 1993.

“Real robot, real learning

[17] M. Inaba. “Remote-brained robotics: Interfacing ai with real
world behaviors”. In Preprints of ISRR’93, Pitsuburg, 1993.

[18] ODOO,00,00,00.0000000000000000000
000000000000 00000”. 040 O00OD0ODOOODO
0000000, 199%4.

og o

19530 100100019820000000000
00oo0o0D0oo0O0oooOooooooooOoo
000D00oD1989000000000O000O0
0000000000 D198s000100000
00o0oooDoo00oO0o0ooo0ooooOoDoOo
0000198900000 0000000199200
IEEE/RSJ IROS’92 Best Paper Award 000000000000
00o0o0o0o0o0ooooOoOoO0O0O0DOOOOOOO0DODOODODODOO
0000000000 0IEEE R&A, CS, SMC societies0 0 0O 0O
O 00o00oo0o0oooooooo

og oo

1971010 19000199300000000000
gbooobobOobOobooooobooooDo
o0o(ooooD0o0o00o0)ooooooooo
gooooooooobo

ogoo o

1971040 19000199400000000000
goboooOooooboooooobobobooooDo
0000000 o(@oOoooD)ooooooo
gooboooooooboooooboooooDo

og o

19650 1109000198800 000000000
gooOobee3ibooboooooboonDoo
gbobooooobobOoboooooboooDo
gooobo0oooooobooooooooooo
gooboooboooboooboooobooboooobobobooo
oo gooooooboooooo

Jan., 1995



