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Abstract: Both self-learning architecture (embedded structure) and explicit/implicit teach-
ing from other agents (environmental design issue) are necessary not only for one-shot behav-
ior learning but more seriously for life-time behavior learning. This paper presents a method
for a robot to understand unfamiliar behavior shown by others through the collaboration
between behavior acquisition and recognition of observed behavior, where the state value
has an important role not simply for behavior acquisition (reinforcement learning) but also
for behavior recognition (observation). That is, the state value update can be accelerated
by observation without real trials and errors while the learned values enrich the recognition
system since it is based on estimation of the state value of the observed behavior. The
validity of the proposed method is shown by applying it to a dynamic environment where

two robots play soccer.

1 0odd

00000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000 0o0ooooooooooon
00000000000 Doooo Yoooooo
00000000000 000ooooooooooo
000000000000000000000000
000000000 00o0oooooooooog
000000000000000000000000
0000000000000000000o0o0n

0000000 0000o0ooooooooooo
000000000000000000000000
00o00o00o0O000oO0ooooooooooog
020000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
O0o000000O000ooOoooOoooooooog
000000000000000000000000
000000000 0o0ooooooooooon
000000000000000000000000
000000O0ooooooo 4900000000
000000000000000000000000
000000000000000000000000
000000000000000

Takahashiet 2. 000 000000000000
00000000000ooooooooooooQ
000000000000000000000000
000000000000 00oooooooooo
0000000000000000000000000

oobooobooooooobooobooooobobooon
goboobooobooooboooboooboooao
oboboooooooooboooooobooooon
oobooobooooooooooboooboooooo
oboboobooobooooobooobobooooaon
gooooooooooo-0boooooobooogoo
goboobooooooobooooboooobooo
0000000000000 RoboCupOOOOODO
gbobooboooboobooboooooobooooo
obooooobooooboobooooon

2 Quoobbbooooboboood

2.1 OO
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 70000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
Fig.l0O0OD0O0OO0OO0O0000000000000
000000000000000000000000
000000000000000000000000
O00000Figl00000000000000000
000000000000000000000000
000000000000000000000000
V(s)O V(s)00O00O00000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000



gboboooooboooobooooobooooboooo
ooboobooooboobooooboooboboon
ooboooboooboooooooooobooobbogoo
goboooooobobooooooboooooon
goboooboooboboobooooooboobobogoo
goboobooooooboooobooobooon
oobooboooooobooooboooobobon
goboooboooboobooobooooboooooo
ooboooboooobooooooboooooon
oobooobooooboobooooboooobobogoo
oboboobooooooboooboooboooogon
goooogooboooooooooooboooooo
goboobooooooboobooooboooooo
oobooboooobbooobooobobooooooon
gobooboooooobooboooooobogoo
oooobooooobobooooobooboooooooon
gobooboooooobobooooboooobobooo
obooooooboooogoo

Behavior Ws) o. ,(/t@
Acquisition L b
\
\
Learning Observa\tion
\\
".. Behavior
@ Recognition

Fig.1 Spiral growth through learning and observa-
tion of behaviors

2.2 00000

BM3 gate
BM2

s /' BM1

V(s) as

az action
L/

environment

Fig.2 Modular learning system

obooobooobooboooboonDO Fig200O
gboboooooooooooboboboooboooo
oboboooboooooooooboooobooogo
gbobooobooboboooboooobooobobooo
o000 ((BM)UODODOOOUO sO0OOOOOOOO
0000000 V(s)DODOOoOoooooooooo
ooboboobooobooobooboooooaon
ooboooboobooooobooooooooboooo
gobooboooooobooboooooobogoo
oboooboooooboobobooooboobooooo
goboobooooobo sobb «e0Db0000

000 /0000000000 0000
Pe, =Pr{sy1 = §'|sy = s,a; = a} (1)

gobooboooobooooooboooobobooo
obobooboooobooboooooobooooboboon
000 s000 «00000000 000000
obooooood

7@?8, =E{ri1lss =s,as =a,s,41 =5+ (2)

00000000000000 ﬁ:s/DDD ﬁgS,DD
00000000 sO0000 0000000000
000 Q(s,e)0000000 V(s)OO

Qs,a) = Y Piy [Rey +9V(s)] @)

V(s) = max Q(s. a) (4)

gbobOooooooy0OO00OO0ODOOOOO0bOO0OO
0000 sO000 Q(s,e) 00000 «00OOOO
gbooobooboooobooooooo
23 000000
gobooooboooboooboooboobooon
ooboboo sobobooboooobooooog
(s1,52) 000000000000 OOOOOOOO
ooboobooooooboooobooooboboon
ODO0O0O00pathi DO0OODODOODOOOODOO
OO00000D path200000000C0OO0OOOO
pathl O path2 000000000000 OOODOO
O000Fig30000000000000O V(s)ODOO
000000000 O0000000DOO0A0pathl
Opath200000000000O0OO0OOOOOO
oobooboooooobooooboooobbon
gboooboobooooboboooobooboooogo
oooobooooooooobooooooooooon
oooooooooboo

goal state

V(Sw,Sz

AVAVS  ~4TAvAy. W4
7z PN

- VO A
7 G 7 T
VA AVAvAeErey. Ay 2 %
AVE —SVeveveve VY -
7 7 7 4 ___/4

Fig.3 Behavior recognition based on the change of
state value
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Fig.4 System for behavior recognition
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Fig.5 Sequence of estimated values and reliabilities
during a behavior of pushing a ball to the magenta
player
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Table 1 List of behaviors learned by self and state
variables for each behavior

Behavior State variables
Approaching a ball dy
Approaching a goal dy

Approaching the teammate | d,
Shooting a ball dy, dg, Og
Passing a ball dy, dy, Op,
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Fig.7 Success rate of the behaviors during learning
with/without observation of demonstrator’s behav-
ior
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