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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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(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. 8 The ball substates and the goal substates

00000000000000000000000000000
000000000000000000000900000 (3
000D000000000000000000000)000
00000000000000000000000000000
0ooooooo

(c) 00D00DDO0x

000D0000000D00000000000000000
0000000000000000000000000000
000D000000000000000 1700000000
000000000r=1000000r=00000000
0000000000000000y=0.80000

4.2 000000D00OOOOOOO

i i i )

%, Medium

Far

Fig.4 A state-action deviation problem

gooboooboobooobooooooobooobooooo
gooooooooooOoooooooooooOos3oononog
gobooooobooobooobooooboobooooobooooboo

gopoooooooi13010

71—

oo0oo0300000000o00oooooooOdFRig.40dO
o0o0oO0oo0ooOooDooooDoo0ooUoo(o)oooo
ogooOooooooooooDoooUooooUo(@o)o
gobooooboooboobooobooboooboooboooooo
gooooooobooooboooboooboooobooooboo
FigdD OOOODODOOOOODODOOOOOODOOOOOOOO
gobooooboooooooboooooboobooobooo

gooboooboobooobooooooboobooobooooo
O0eceA0D0DOOOODODOODODOOODOOODOODODODOODOO
goboooooboooboobooooboobooooboooooo
000000o0o0o0oooooooooooooooo(3)
O00O0O0OO0OFig400O0O0OOO0OODOODOOOODODODODOOO
goboooobooobooooooboooooooboooooo
goboooooboooboobooooboobooooboooooo
gbooooooo

5. OO

go0ooooooooooboooooooboooooooo
oooo0oooUo0oOo fO0000OoOoOooOoOoOoOoOoOoOog
00 f00000OO0O0OO0OO00O00OOoOoOoOOOOoOOOOg
gobooooboooboobooooboobooooboooooo
gooobooooooobboooboo0oobooooboooobo
goooooboooboobooboboobooooboooooo
00 1800000000000 ooobDOooooDooonDO
gobooooboooboooboooboo

5.1 0000000000

000000000 000O0O0O0OD Fig2(b)ODOOOOO
goobooooboobooobooooobooobooboobooooo
oooooo0oo0ooooooUoooooooOoo(@oo
ooooooooD)oooo0oooUoo0oooUooUooo
0o@ooo0oooo)Doooboo0ooooooooooo
goboooooooobooooooo

12000 T T T T

0.600 —

ganma

10000

8000 -

6000 -

4000

nunber of goal s

2000 -

0 R ! ! ! ! !
0 500 1000 1500 2000 2500 3000
time step *1000

3500

Fig.5 Number of goals in terms of v

0000000D00SGIODDODO Elan(CPU:R4000)0 O
O000000OFig.5000000~000000OOOODOOO
goooooooooboooobooooboooooooboooooo

19950 10



72 oo o oo oo

000000000 (000000000 33[ms))000000
0000D0000'0000004000000 (0.999)0000
000 (0.800000.6)00000000000000000
0040000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
000000000000000000000Fig.6(a,b)0
0000000000000000000000000000
0000()000,0000000000000000000
0000000000000000000000000000
00000()000y000000000000000000
0000(b)00000000000000000D00000
()000D000000000000000000000000
0000000000000000000000000000
0ooooo

l_ll—wi’h‘ =1 =1
Nin . i
» W ik
&
%f
(a)  shooting (b)  shooting (c) find-
(v = 0.999) (v =0.6) ing, dribbling,

ooo o oo o

Ether Net

T [Sonws |
&

MC68040
MaxVideo 200
DigiColor

§,. UHF Receiver

MC68040
Parallel /10
AID
D/A

VME BOX

<

~.ld

Transmitter
Receiver

Radio Controller

Fig.7 A configuration of the real system

imes: 107

and shooting

Fig. 6 Some kinds of behaviors during learning process

5.2 0O0O0OO0OOOOOO

Fig.70000000000000000000O0O00O0 OIn-
aba[19]0 0000000000 (Remote-Brained Approach)
goooobooboooboooooooboboboooooooog
(0)boOoOoOoOooOOoOOooOOD (boo)oooOoOoooo
gooooobooobobobooobobobooboooboboo
goooooobOoboobooobobobooboobooboboo
goooobobooobboobobobooboobooboboo
gooooboooobbobooboboooobooobg

0o00oooTvVOOO (SenyO OOOOOOOTR-300
0030000) 00000000 oDoo0o0ooooDoo
OUHFODODOOOOOOODODODDDODODODDODODOOOOO
(MaxVideo200) D DO OODO0ODOODOODOODOODOODOOO
gooobooboooobbobobooooooboboobooooooo
0000000000000 oOooOo CPUMC68040)0 O

1 000000000000000000350004000000000
00000000000 00000000000000000 P(s,a)0
o0ooo0o000oDoOO00oo0ooOo0oDT(CoO0o000D000o0o00o0n
oooooo0)bo00o0o0o0oo0oy0000000000

eQ(s:a)/T

P(s,a) = —————F+—+—
P

JRSJ Vol. 13 No. 1

(a) input image

(b) detected image

72

Fig. 8 Detection of the ball and the goal
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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 (RYF) (C,F,Fo) F|F 1
3 3 (D*,D*) (C,F,Ro*) | B | B 3
4 4 (C,F) (C,F,Lo*) |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*) | (R,F*Lo*) | F | B 3
14 11 (L*F) (R,M,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 (C,M) (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 (C,N) (C,M,Fo) F|B
25 20 (C,M) (C,M,Fo) F|F
26 (C,M) (C,M,Fo) F|F
27 21 (C,M) (C,N,Fo) F|S
28 22 (C,M) (C,M*Lo*) | F | S 2
29 23 (C,M) (C,M*Ro*) | S | B 2
30 24 (C,F) (D,D,D) F|S
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