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00000000000000000000000000000000000000000
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0000000000000000000000000000000O0O0O0O0OOOO0O0
0000 (Reinforcement Learning: RL)Y) 000000000000000000000
00000000000000000000000000000000000000000
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00000000000000000000000000000000000000000
00000000000000000000000000000000000200000
000000000000000000000 (exploration) D00 (exploitation) 00 0O
00000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000000000000000000000000
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0000000000000 00D000b000D000 (Markov Decision Processes: MDPs)
0000000000000 00000000000000O0O0OO0O00000 (Partially
Observable MDPs: POMDPs) 00 0000000000000 0O0O0O0OOOPOMDPs
oooMDPsODOOOOOODOOOOOO0OODOOOOODOOOOODOOOOOOO0On
gooboooooooooooboboooobooooooooooooooooboboOoooon
uoobooboooooooooooboboboboooboboOobooooooboboOooobooooon
goooooooooooon (incompleteperception)DD374)DDDDDDDDDDD
oooooooooOOPpPOMDPsOO00000O0O0O0O0O0O0OOODOODODOOOOOOO
ooooooboooooboooooobooboooobboooboobooobooobooooboooooDo
0000000000000000000000%900000000000000000
oooPpOMDPsOOOOODOODOOOOOOOOOOOOOOOOOOOOOOOOOO
oobooooooooo

ooooboooooobooooooooooooooobobooooooooboboOoooobood
gooboooooooboooooobbooooobooooboooooboooboobooooobooooo
O0oO00o0o0o0Ob0O000O0O000O00b0O0000OMDPsODOD0OOO POMDPs
ooobooooooooboooooboooooooOoboOooooooboOoOboOoOooboOoOoOooon
oooooooooooobooooooobooooooooooooooooooboooooon
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gbbodgboobbooboobo
g200000000000000000O0000O000OO0OO0DbOObOO0ObOOnOO
gboobooobobbobooboobobooboobobooboobooooobooboo
gboobgoboboobobobooobooboobobooboobooboboobobo
gboboboo
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ooooooooooobobooooooooooooooocobooMDbPsOOOO POMDPs
gboboobogobobobooboboboboboooooooboobobobobobobo
goobobbooooboboboooooboooobobboooobboooooobog
ggobooboooooobooooobooboobobobooboob400b000b0O0DbOO
U40000000000000000O0O0OO0OMDPsO0DODOOODOODOODO
ooobOoMDPsODUODODODODODODODODOOODODODODODOODOnDO
gboooobooboboobooboboobooboboobooooboooon
gboobogobooooobobboboboooobooboboboboobobobOonDo
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ooo00ooO0bOOo0oDOO0o0oOoO0bOOO040000000D00 POMDPsOOODOOODO
O00000ODOO0O0000oooooO00OoODOOOO0O00oOoDoooO0OooO POMDPs
gooobooogoobooboooboboobobooobooooobobooobooo
gboobobooboboobobuoobobuooboboboboobobobobo
gbooboboobobooboboooobobooobooobooooboobooboboobooooo
gobooboooopooooooboo

gedboboOsboboboooboobobuooboboobooboooboboo
gobooboobooboobobobooooboboboobobooooooobooboboooboo
oo bCOOOoooooboooooobooooboboooobboOooooooDbooooo
gboobobooobooobobooboboboboooboooboobobooooboboo
gbooboobobooboboooboobbosbobboobooboboobbooboonbog
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gboobbobobobooboobooboobobobooboboobobooboboan
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goobooon
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000000000000000000000000000000000000000
00000000 (supervised learning) 000 0000000000000000000
00000000000000000000000000000000000000000
0000 (0000)0000000000000000000000000000000
00000000000000000000000000000000000000000
0D00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00o0000000000000

00000000000000000000000000000000O00000000
00000000000000000000000000000000000000000
000000000000 SO00000 A000 (f:8—.A4)00000000000
00000000000000000000000000000000000 MDPOOO
00000000000000000000000000000000000O00O0000
0000+000000000000«(¢)000000000000000000 «()00
000000000 «z(t+1)000000000000 (2(t),a(t),=(t+1)0000000
0000000000000 P(x(t),at),z(t+1)000000000000000 ¢+1
0000000 r(t+1)=r(z(t),a(t),z(t+1))0000000000000000000
00000000000000000¢=0,1,2,---00000000000000 (0 21
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Learning

System

U21:00000000000000000000000.

00)000000000000000000000000%¥000000000000
00000000000000000000
00000000000000000 (21)00000000000000000000
0000000 (R(D0DD000000000000000000)00000000000
oooooooo
o0
R(t)=r(t+1)+r{t+2) +¥r(t+3)+--=r{t+1)+ Y _+"r(t+n+1) (2.1)

n=1

O000~€(0,1)]0000 (discount rate) OO0 0~" 000 n0000000O00O0OOO
000o0000o0o0o0o0o0 (nU0O00)0000000O00DO0O0DDOO0DO0OUDOOOO
00000ooO000ooO0o0oU0ooO0o0DO0y=000000000D0000C0DOO )OO
ubbobobooboobbobtdy=10000000000000000O00O0O00O0OOO0O
gobooooobooon
gobooboooobooboooobbbooooobboooobobobooooonoo
goooboooooboooooooobobooboboboooobooboboobobooon
gbogbobooboboboboooubooooboboobooooboobabg
goboodobooooboobooooboobooobooboooboobooon
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goboogobooboobooboooobooogboobobooboobooboobooo
goboobooabod
OO00D0D0OMarcoPolo? 00000000 000000O0OODOOOOOO0OOOO
MDPsOUODOUOOOODOOOOODODOODOODOODODOODODODOODOODUODO
googboobooooobooooboooboobooobooboobobooobooon
gboboobobbobuoobobbobuoobobouooboboboobobooooboo
uboobobobooboboobooboobooboboooobobooooboboooboo
ooooo oW Ogooo000000000000000ooO00oooooooog

obooobo

0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
00000000000000

O000000000000 (eligibility trace) 100000 2300000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000000

000000000 (planning) 00000 ¥ 00000000 (0000000000
00000000000 00000000000000000000000000000
O000000000000000 0D00000000000000000000000
00000000000)00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
oooo

gooboogon

gboobobgoboboobobuobooobboobobooboboobobon
goboooobodogl:-10000boo0obobogbooboooooobooboooaonog
gboooboobobooboooboobooboobooobobooobobobooobooboo
gobooobooobooobooobboobboobboobbooobboobobo
gboboboboboboboboboboboboob
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gboobobooobonb

e ]JI0I0IOIOIODOODODODODODOOOODDODOODOOODODODDODDOOODODO (DO
000)00000000o0ooOOoooooooon

0000000000000000000000000000000000000000
000000000
O000000000000000000000000000000000000000
D0D000000D0O000 (state aggregation) 0 0 00O 1617 18,19, 20,10, 21, 22, 23) 7 7
0000000000000 00000000000000000
000D000000000000000000000000000000000000
(linear gradient-descent method) 0 0000000000000 DOO00OOO 24220
000000000000 00000000000000000000000000000
0000000000000000000000

oboobon

0000000000000000000000000000000000000000
000034 00000000000000000000000000000000000
D0000000000000000000000000000000000000000
000000000000000000000000000000000000000000
00000000000000000000 POMDPsODOOO0000ODOOOO0POMDPs
OO0OMDPsOOODOO00O00D0D0OD0ODODODODODODODOONOOoooan
D0000000000000000000000000000000000000000
D0000000000000000000000000000000000000000
000000000000000000000000000000000
D0000000000000 (memory-based method)?) 0000000000000
000000000000 00000000000000000000000000000
D0000000000000000000000000000000000000000
000000000000000000000000
O000000000000000000 (stochastic policy)?® 2 000000000
00000000000000000000000000000000000000000
D0000000000000000000000000000000000000000
D0000000000000000000000000000000000000000
ooooooo
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
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gbooboobooobobbooooboobuoobobooboboobobooobobo
goboooboooobooobooooooboooon

24 00O
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gbogboboobobbooboboobuobooboobobooboboobobo
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3.1 OO

gboobobodgbooboboboboboobobboobooboooboboboon
gbooboobooboboooooboboooboboobobooooboobooobooobooboo
OO0O0DOoDOOoOOMDPsOOOO POMDPsOODOOOOOOODOOOOODDOOOO
goboooobooobooobooobboobbooobboobbooobboobbo
gbobogoboobooooooooobobobobooooooooboobobobono
obobobobobobobob 400000000000

3.2 JUbobobouooooon

0000000000000000000000000000000000000000
0D xX000000©O0001000000¢00000000000000000000
reX000o0o=y¢y(z)cOODD0D000000O0OMDPsO0000000000000
0000000000000000000g00XO0 ©O 101000 10000000
00000000POMDPsOO0O0000000000000000000000O0g¢0 X
00 ©oO000100000000000

00000000000000000000 ©O000000.400000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000&(000000000)000
0f0&800.A40000¢y00000000y0000000000000000MOO0
000000000000000000000000000 0000000000000
00O0O0POMDPs00000f00000000000000C00O0POMDPsO000O0
000 MDPsO0O0000000000000000000¢>0000000000000
000000 o(t),s()00000

q@:{=ﬂ0@%ﬂ%~w2®)(t>m

( (3.1)
f(o(t)) (t=0)

11
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X - Agent- ............... ‘S_ ........................... -~
Ostate space filter f

1 \

IRy,

0=g(x) s=f(o) 2 a=f\l(s) —@'a

Observation Hiistory /Action module

module Information ~—Learning
................ ]_.._..- odule

a

031 00000000000000000000O0

000000000010000000000010000002(¢)0000000000
000 ¢(¢>¢>000000000000000000000DOOOUODOO0ODOOO
gobodgbooboboobooobboobooobbooboobbooboooboo

2(t) =< ot —t),s(t—t),alt —t) > (3.2)
00000000000000e()00000¢t00000000000000 31000
000000000000

gboooboooooboboooooooooobobobooooboobooooboo20
goboodobooooboobooo

(1) y0000D0OD0OO000O0DX—O0000O0ODO0O0ODO1I000ODODOOOOODODOO
uboobooobogn

(2) fO0O0OOCODOOUOOUUOUDO~SOO0OO0DODOOOOD1IODOOOOOOOOOOO
oboooooon

gbobobobobobobobobooboboboboooooooboboboboboo
gooooooooO0ooooD fOOOO00O0ODOOOO0ODOOOOOODODODODOOOO
oboobobooobododbgbobbooobooboobD0obUoboboOooDOooMDPs
00000000000O0OD00O (20000000000 Ooooo

3.3 Uouoooogd

32000000000D0O0ODOOO0ODO0ODOOOOODODODXOO0ODODODOO SO0
0od f:X-8S000000000000DOOO0ODOOOOO MAOO0OO030D0O0O00O0O
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S fx

-
-
———

N—————
N————

032 000000000000 O0O0SO0O0OO

goboooboobooooooobbooobooobbtd«c0bbO00ODOO0OD OO0
000y : X— . A000000000Q0O0DOOO

(1)x€XiDDDDDDDDDDD o=yg(x)001000000seSOO0OOODODOO
00 X' ={zlae; =y*()}00000000y"(z) =y* () : (zi,2 € X,z # 2;) O
000 f(g(z:)) = f*(9(z;)) DODODO

(2) 000000000 OO0OO0OODOU0OO(DODDOODUOODODO)ODDOOUDOOOOO
0od Oi,ojGOiﬂmlﬂDDDDD s0000000000O0'COO0e 0000
000000000000 O = {o(t+1)o; =o(t)} 00000000 g(x:), g(x;) €
O (x5 € X,z A 2;) D000 f*(g(y) = f*(9(z;)) D00 O

3) y"(x)DODOODDOOODODOO zjr, € 400000000000 o,000000
ooodooooooodooooooodooooo sy,s,00oooogaon
Xi={z|lo;=¢(x)} 00000000y"(x;) # y*(xj) : (x5,25 € X,z #2x;) 0000
flg(@), ) # flg(z;),---) 00000

03200/+#000 ©00S80000000000000000OOO (1)00000
00000000000000000 (2)0000000000000000000000
00000 (3)00000¢00000000000000000000MDPsO0000
00000000 000 (1),2)0000000000

000 X000 .A0D000000¢*00000000000000000000000
0 f#00000000000000000000000000000000000000
00000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
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e NUUOOODODOODLDDOODLOODLOODLDOODLUOODDbOODDLOODLOODbOOO
gboboobooaoo

e J000U0UOODOUDOOOUDODOOULDOOODULODOUDDODODOUD (DO
000)00000000o0ooO0O0o0oooooon

gbobooboobooboobobobobooooobobooboboboobooobobo
gbooboobobooboboobobooboobooboboboobobooboon
gboobobooobobooobobobooobobobobooboboboobobo
gbooboboobobobobooobooobobooboboobobooboboo
oboobooboob

ooobooboboooooboooooooDboOooboDO MDPsOOODOOOPOMDPsO
goboobooobooboobooobooboobooboboobooboboobobooboonboon

3.4 UJU0U0ooooooooon

3.4.1 MDPsO OO

MDPsOUOOODOOOOODO (DO0O)0000O0O0OOOOOOOOODODOOOOODOOO
gobooboobboooboobobooboobbooba

() Do0o0O0O0O0O0O00000OO0ODO0O0D0OD0O0O0ODODODOOO0 DOOODOOO CMAC
(Cerebellar Model Arithmetic Computer)?)0 RBF (Radial Basis Function) 0 O [
DDD(RBFDDDDDDD)B)DDDDDDDDDDDDDDDDDDDDDDDD
gdoobobobobotbdooooobobobtodooooobobobobobooouoooobo
goooobooboooooooobbbodoooooonobo0oooooooo
ooooOoOoOo0O(CoooOoOOOOOOODOOOO0OO0OO0OO0OOOOOOOOOO
000)000000000 (2)00ooO0o00ooO00oOoOO0o0OooOOOoOoOOO
00000000000000000000030000000000000000
goooooobobobobooogoo

(2) 00000000000 OOUOOOOU0OODDOOO0OUOODOD DOOOOoUoOo
000000000000000O0000000DOoOoOoooooooOOOoO (1)oo
ubbooboobobooboboobooooboobooobbooboobbooogd

a. 0000000000000 0000D000000O000000O00OO00OO0 172218 10,31, 11)
0000000000000 DD0O000000D0D0D0000 Mo000o0on
O0000000000000000 ®00000000000000000
ODoooDoos3oooooooooo ®oogoo
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b. ART(Adaptive Resonance Theory) 000000000000 GNG(Growing
Neural Gas Network) 000000000000 3330 000000000
000000000033 0000000000000 no0no00oNoononn

c. RBFOOODOOOODOOOOORBFOOODOODOOOOOOODODOO 2526
00000000000000000000000000000000000aQ
000000000000 00000000000000000O0000000
000000000000000000000000000000000000
Doo0oOoooooo

d. 0D0O000D0ODOO0O0OO0D3»363nuooo00000D0000noooonon
oooooog

000000000 (1)000 (2000000000000 0D0ooOooOoOoOOooOO
gboobobooboboobooboooobobooboboboboboobobo
gobooboooboooooobooobooboo MDPsUOOOooOOoooooooo
gboboooboboboboobooboboboboobooboboobooooooo
goboooboooobooboooobooboobobooboonoog

3.4.2 POMDPsO OO

POMDPsOOOOOOOOODOOOCOOOOOO0OOOODODODOOCODOOOOO040
gboboboboboob

(1) 000000000000 MDPsODO0O00000000000 3 38 27,39,40.41)
00000000000000000000000000000000000000
0000000000000 400000000000000000000000
0000000000000

(2) 000000000 D0O00000000D00000 %6440 0oooo0oood
O0000000000000000000000000D000000000000
D00000000000>»%000000000000000000000000
D00000000000000000000000000000000000

(3) 0000000000000 DODg 444480 0ooooo0oonood
0000000000000 0000000000000000000000000
000000000000

(4) 000 S0 1:100000000000000 %250 00000000000
D0000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000000000D0000000000000000000
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O0000000000000000000000000000 %9 00000000
gbooboboooboooboboobobooboboboboooobobooboooobooboo
gooboboooobooboooobobboooobooboooooobooooobooog
POMDPsODO OO MDPsOOOOOOOODDOOOODDODOOOOOODODDOOOODD
gboooboboooboobooogoboboooooboobobooooboboboooo
gbobodgboooboobooobooboobobooboboobbg

3.5 UUooooogood

gbooobgooobooboboobo sbgbuoobobooboboobooboboon
gooobooogobooooboobobooboobboobooboobooboobooon
gbboouodgboboboooobuoobuooobooboobobooboobooooboo
oooo4b0000000000000MDPsOD0O0O0DOOODOODOOODOOOOO0O0
goboooboooobooooo

goog

OO000O00DOD0O fO0DDOO0ODOOODOOOO

O0;=0;U0;, O;jNO,=¢ (3.3)
goad
O; = {o|s; = f(0),0 € O} (3.4)

0000 o0;, 0,00000000 s;0s,0000000000000000000000
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(Mg + My)(—RrLwr, + RRwR) {(D1 — 2Z)RLwy, + (D1 + 2Z) RRwr } 0D

2D2,
00000 (6.6)000 (6.7) 00000 Fua, Fre, FLen, Fren, FLry, Fren 00000 O
Fig = DiT(FGx + Fco) + D;D_T%Fcy (6.8)
Fre = —gT(FGx + Fo) + DT2D+T2xFGy (6.9)
Fu = ~() (P32 20 P, = () (8 (4 Fo) (6.10)
Fres =~ (A2 Py o () R g+ o) (6.11)
Fuy = = (2% ) (PE 2 R, — (PN (B (R, 1 Fo) (0,12
Froy = ~( 2= (PEE g, 4 (PRI (1, 4 o) (613)

oooboobooooobobbboboooDbCOobbbbObbbObObODO00O00b0DO LR
RN

TL/R

Fripr = Run (6.14)
R = —Amwr/r + Bym(Vi — Vir) (6.15)
oo0oooOoooOon
Firrr = Fuyri + Fra/re (6.16)
Fiy/rm = pr FLEN/RFN + #RELRN/RRN (6.17)
oooog FL/R 00
Fyrrr — Fuvyrum (woyr > 0V (wo/r = 0 A Furjrr > FLvy/rm))
Fir =9 Furrr + Fuvyra (Wor <0V (wor = 0A Frprr < —Frvyrm)) (6-18)
0 (wp/r =0A[Frr/rel < [FLm/rMl)
godooooooooooooooooooood
{I + (2% +7°)(Mp + Myn)}op = Np (6.19)
Np = {—(Dr +2%)F, + (Dt — 22)FR)}/2 (6.20)

000000 (6.2)000
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wr, = A1wr + B (6.21)
goooooono
Rr
A == 6.22
1= R (6.22)
Dt (D 2T Dt (Dt — 2%
By = }“2( s 7) F— TZ( e 7) Fr(6.23)
2RAL+ (@ + 72) (M 1 M)} © 2RAT 1 (2 + ) (M + M)
00000000 (64)000 (65000
wr = Agqwr, + Bs (6.24)
gopoogooono
(Dt — 2%)Ry,
Ay = - — 2~ 6.25
>~ " (Dr+2%)Ry (6:25)
2D
By = F1, + F 6.26
>~ (Mg + Mp)Rg(Dr + 233)( L+ Fi) (6.26)
000000000 (621)000 (6.24) 000
A1By + By
_ 2
w1, 1_ A1A2 (6 7)
) A9B1 + B»
_ 2
WR 1_ A1A2 (6 8)
ggoono

000000000 0-XYZOUOOooOOOOvy,wsgD O-XYZOOOOOOOOOwx,vy

ud
( UX ) _ ( — sin d cos vy, ) (6.20)
vy cos 6 cos vy
J000wpzUOO

wpy, = cosf cosYwp (6.30)

goog
gboooboboboboooboobooooboboooooboooobobooboobooan
gobodobooooboobooooon

6.3 U0OO0Oooon

6.3.1 OUOOOOOO

gbogobobogbobobodgbooboobooobobbooboobooboboan
gobobooobooobbooobbooobboobbooboboobooobobooobooo
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Input
User * Device

Forward Signal

Controller of
Input Voltages

’

Yaw, Pitch,lRoII Angle

3D Motion
Sensor

]

062 00000000000.

gbboboooboooboboobobobooobooboooboboobooboooonog
gooboobooooboobooooboon
gboboobogsogboooobuoobooonooba

(1) 0000
(2) 00000

(3) 000 DCOOOODNO0DDO0O0000O00O0O0O0O00000 (EMC-2300(0)00
00000)0

(4 000000000000000000000000000 3D00000000
((Vector Cube(VC-03)0 (D)0 000)0003DO00)D

(5) 0000000 (000000)O0

0 620000000000000003D000000000000000000000
00 [~180°,179°]0 [~90°,90°)0 [—90°,90°] 000D O0D000 1°00000000EMC-
230 000000000000 Vyg =25[V]0000000VyR = [0545[V]0000
Vg <25V]00000000000000000000 V,g=05V]0000000
0000000000 60kn/h00000000000000
00000000000000000000000003D0000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000003D0000000
00000000000000000000000000000
000003D000000000000000000000000000000000
00000000000000300000000000

() D0O00O0O00D0U00000O0O0O0O0O000O0O0OODODOOOO
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(2 D0O0OO0O0DOOOO0O0OOOO0OCOOOO0OODOOCODOO0OOOOOODOOOOODOO
oooooo EwCcoOooooooooooooobbooooooooooooooo
oooo

(3 0000000000000 0O0U0OO0OOOO0OO0D0D0DODOODODOODOODODODOO
gboboobooboooDoo

gbobopoooboooboosbooboobooobooboboooobbobobooboooboo
gboobobooooobobooobooboboobooooboobboobobo
goboobooobuooboboooboobbooboonoobo

() ooooOoOooooooooo
(2) DO0DDO0O0O0ODO0DUOOOOODOOO

gobodoboooboboobooobobooboobbooboobbooboobbon

e NUUDOOOODLOUODLOOLODLDUODLOUOLDDOUOLOUODLDbDOObLOODLDOO
e NUUDODOOODLUOODLOODLODOU

gbobooboobobooboboboobobobobobobooboboo

6.3.2 0UOU0OO0OOOOOO
gd

gboooobobooboboobobooboboboobobobobobooboo
00000000 15 VjD0ODO0Ooooo10°0000000000000oo0oooooUg
0000000 VWwOOOOOoUooooooooooooooooooooo 3.0km/hj(O
000000)00000000000000O0ODO000D0OO0DOO0O0D0OOOOOoOUOO
grooboooobooooogoogon

(1) (Vi,Vr) = (1.5,1.5)
(2) (i, Vk) = (1.5, (Vp + 1.5)/4)
(3) (Vi,Vr) = (1.5,(Vp + 1.5)/2)
4) (i, W) = (1.5,Vp)
(5) (Vi,Vk) = ((Vp + 1.5)/4,1.5)
(6) (Vi,Vk) = ((Vp + 1.5)/2,1.5)
(7) (Vi, r) = (Vp, 1.5)

gboogobooooooboooobobooobooooboooobooobooboo
gooobgooboobooobooboobooboboboobobooboobooboooon
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(00O0)0DooOOoU0oOO0U0OO0OO0OO0O0DOOO0O0bOOO0OCODOOOOoODOOOOO
gboobobobooobooboboboobuoobobooboboobobooobobo
ooboboboboooboooooooooooooooooobooosboooooooo

0000000000000 (63)D0Do0o0ooOO0DooOo0ooOooooO

r(t) = >0 2.5 (6.31)

~exp(8(t) —or)®
gooooooooobooooobooooboboooobooooobooooooooooon
DDDDDDd(t)DDDDD t00 000000000000 000000000000
Odo0oo0oooooooobobooooooooooooooooooooooooooon
d0o00o0o0ooboboOoObOo0O00000ooo OO0 O0OO000000OO0ODOOODOOOO
gooooooobooooooooooobooobooooooooooooobouboooa
gooooobooooooooooooooooooooooooooobooooooon
gooooooboooooo (DDDDD/DDDDDDDDDDD)DDDDDD
O0o0o0oooooooooooon Sarsal)(DDD a=050000~y=09000
goooooood T:O.QDDDDDDDDD)DDDDDDDDD QUODbODOODOd
000000oOoOodobO0 QObO000bOo00 QOooobobo0ooboooooaona
oooVYooo2k.000000
oooooooooooooooooooooooooboooooooooobooogo
[—180,180)0[—90,90.1)0[-90,90.1) 00 00000000000000000000OO0
000000000000 000000b00 6,=1000000000000 g =0.2600
000000000 00ooooobobO0o0ooooooooo =100 000000000
oooooooOoo Gtzloo[episode]DDDDDDDDDDDDDDDDDDDDDDD7
0000 100o000o0ooboo9oonoooboooooooonoo2tnonooonon
goooooo
gddoddodobooootdoobooobooooooouoobooog —-s,0,50000
O00000000000000000000000000000000430000
gooo2000000000000000000000000000O0A0O

() DOooOoOo0oDOoDUOoOoooOoOOOo
(2) DO0D0OO0OO0O0OD0ODUOUOODOODODOOOOO

goboooboogd

(3 booooOooOoOoooo
(4) 2000000000000

gobooboooobooboobobooboobbooboooboo
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Controller of Controller of
Input Voltages Input Voltages
) I * I
Y, Iea 0 VL: Va . ¥, Iea 0 VLJIVR time [s]
0.3t 0.3t:0.1  0.3t+0.2  0.3(t+1) 0.3(t+1)+0.1 0.3(t+1)+0.2
VL(t_1),VR(t_1)J<. ..................... VL(I-)’VR(I») ...................... LVL(I'+1), VR(t+1)
e step t > step t+1

63000000000

6.4 0U0O0OOOOOO
6.4.1 O00O0OO0OOOOOOO

oooooooooOoOoO0OO (X,Y)=(00,00)000000000000 6r=0.00
ooobobob Y »>2000000000000000000 X>50000 X <-=5.0
00000000 EWCOODUOOO0DO0O0O000O (X,Y)=(0.0,2000000000000
gobooboobooobooo

gbobobooboobooooooooooooooooooosbooooooooog
O0000000ooOoO0oOoOoooools|boboo00oooOOoOooDUoOOOOoOoOoOoOOO
0000000 0.2s]00003DO0OD0I0OO0O0O0O0O0O0O0O0O0ODOOODO0OOOOOOO
00 03s]0 100000000DODO0OO3DO0O0OOO0O0O0OOO0O0ODOOOOODODOO
O000o0ols]0000000000ODO0O0UDOOO0D0DOOOODODOOODUDD
O00o0oooOoOools)j0000oOO000bOOO000ODOOOOD0ODOODOOOOD
gbooobooboboboboobobooboboobobooboob1ooobaonog
goboge30000000000DO0O0O

000000000 0ODODOD0O0OEMC-230000000 6100000000000
O000000000000000 Ay, ByO0OJISOO (JIS T 9203:200) 0O OO0 O0OODO
goo

000oooooooooooo (z,9,2) =(0.0,0.265,0178) 000000000000
o001 0ooooooooooooOoCcCOCOO0O0O0O0VWwOoooow=2.020000
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ge6l: 00000000000

Parameters

Value

VLR
Mg
Mn
Ry/r
Dy
Dw
HE/R
%Y
Am
By

1

[0.5,4.5][V]
80.0[kg]
75.0[kg]
0.165[m)]
0.532[m)]
0.475[m]

0.02
2.5[V]
16.7
85.9
10.0[kg - m?]

642 00 (HODoOOoODOOOOOOO

o000 1rooioooooooood(z,y, z) =(0.0,0.265,0178) 00000000
gbobobobobob 200000000000 000ODO0ODOODODOODOODOD
0000000000000 0O0O00OO0ODO0OoO0ODOO0 (DObobD AUOODDDOOOO
00000000000 48,160000000000((0000O00O0OOO408016)00
goboboobbooooboobooobooobooobooooboobboooooo
gboobobooboboobooboooobooobobooboboboobobo

gooo

gboobob 6400 6700 6200000000

e J 64000000DOO0DODODODODO

e J 65000000000 O0DOODOODO

e 6600 0I0DOODOODODO

00 (000000 best) 000000 (00,000 worst) 000000

1GB, Vine Linux 3.2, javal.5.00 0 0)0O

ge7dbodbbobboobuoobbuooboobbooboobbooba

0620 100000000000000000 (Intel Pentium4 3.20GHz, 0 0O O

gboooooogobobob 670000 2000000000000000D0 67000

gobodgboooboobooooboab

e Vi =150000)0000(z,3,%) = (0.0,0.265,0.178) 000 (00D DO B)O
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[e2]

o
T
1

W b
o O

from the Target Angle [degree]
N (€]
o o

Average Maximum Difference

—
o O

0 100 200 300 400 500
Episodes

06400 (1)0000000000O0O0OOOOOOOO

062 00 (1)00001000000000000O0OOO
Method | Computational time [ms]

A 0.026

gbobobobobobobobb
ugbbodgboobbogboobboobooon

e 000U (H)DOOUODOOUOOUUDOOUOODOUD 6400000 AODO
- goboobogon

« 00 4080160000000 00O0 50[episode) D OODOOOOOOOO
ooooo ke gooooooooogoooboooooooooooooo
+» J0gbooooboobuoobboobooboobbod

- 0Dgooobobobobob

* 00408016 0000000000000000O00OO
«+ JO00000000DO0O003c0oooooobooonDog

e 000 ()UUUDOCODODOOOOODOOUOD 6500000 ADQ0O
- 00obobob 4000000000

e 000 3)UUIUDODDODOODODOOOOO 6600000 AOO
- gbobobil120000b00b00booobOooboooDobg
- goboobo1l1obooboobboobboobobuooboonobo

e JIUJ0D 4)IUUDUDOODDOODODODODODUDODOD 6700000 ADD
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Episodes

Average Size of an Inner State Space

06500 (1)00000000000O0O0OOOOO

s 13 - . . .
£ qo5f -
S
IS 1.2
>
S 1157 .
R
T 11f T
kS
Pt " .
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(O]
() 1 ]
(0]
g 095F .
Q 1 1 1 1
Z 09

0 100 200 300 400 500

Episodes

066: 00 (1)00000O0O0O0ODOOOOOO
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067 00 (1)000000000OOOOOOOOOOOOOOODOOOOOODOOOO
goooboooboboobooboooobooob viygr=15000000000
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e 0 69000000DDOODOCCOOOULUDOODDOOO

e 0 61000000DOOCOODOI°OD0DOOOOOODO
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gbooboboooboobobooboboobooboobobooobobooooooboboo
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Yaw Angle = -10

10

Roll Angle [degree]

-10
-10

0 5 10

-5
Pitch Angle [degree]

6.8: EE (1) BV TFEA LI VERGEIWIRET Vv O—F (BEI-—HLD
%= 1-10)

Yaw Angle =0

10
8 s
p —
o))
o)
S, -

1

o °
o))
c
<L
0
o

195 5 0 5 10

Pitch Angle [degree]

6.9: ER (1) BV TFEAILIVEBR SN RKET VI O—F (BEI-—ALDE!
0)

PEXD, BREVATFLOEGMEE ER~OBHTEME FNFNHERTE L. B2, &7
BIVATFLEHAVAZ LI Lo THHEZOBRFRABYBRB TEA I LPHATET.
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Yaw Angle =0
10
B s
-
o
@
S,
o O
[e))
c
<
QO
c
105 5 0 5 10

Pitch Angle [degree]

6.10: EE (1) BV TFEA LI NEREINRET7 Vs O—Fl (BEI—ALDE:
10)

6.4.3 FiR(2)  ERAY—ETHEWVIKE

K (6.32) RSN DHEFBAP B THEVEREEER L. 12/72L, BEFEVTORKIE
2510° (BEHE VT SSEITHEE TR NE R L 2 WRAKLE (JIS HAE (JIS T 9203:2006))) &
5L o=082 LEEL, BEETEEBIELIZEIZABLR)MELKEL L.

flz,y) = 27302 {exp (— (z+ 0'5)22‘;2@ - 5.0)2>

+exp (_ (z — 0.5)22—;§y - 15.0)2> } (6.52)

EFROERAS -E TR VERE X ETT A%, (2,9,2) = (0.0,0.265,0.178) D& X{ZD
W, FhFREBOEEEZ T2 HMERZITo7. FHEAFLAHLV-VOBRE, HK
WRZEOY A X220 T, #EVATLA BT, FEA) LBAREZEMEZ ZhEhok
TC¥I%IZ 16,32,64 EITHKET vy (LT, ZhENFHE 16, 32, 64) # V54
LOREBRE R, oXIC, RET A VI OFEICAV O NABEREEROES, BEHIC
ERLEEY -V, FHRIZELFTEERIZOVWTRE 21TV, BEVATLOER~D
R R FERR T 5.

EEAERTN 6.11 ~¥ 6.14, £ 6.3, IIRT. &8,

o X611 ICHEI-ALOEDRKIEDEAL,
o [X] 6.12 IZPERIRAEZE B D £ X DZEAL,
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DN O ©
o O O O

[8)]
o

W
© O

- N
[T ]
T T
1 1

Average Maximum Difference
from the Target Angle [degree]

L L L 1

0 200 400 - 600 800 1000
Episodes

o

6.11: EER (2) BT HHEI AL DEDRKEDEIL

F 6.3 EEBR(2) LBV T AT v FTOFEFICEL -FHERH
Method | Computational time [ms]

A 0.023

o X 6.13 ICEBEFBMOE L DOEAL,
o [ 6.14 IZRAHYITHER L2HIEL — ViZBWT, BRI —H L DOEDRKEI RO
Ba (BT, 4 — X best) & EADBEA (BT, & — & worst) DEFTHHF,

o K631 ATy FOFBIIEL/PHETHERME (F8 (1) LF L PCEAR),
AR, 2T, EBRERIN 614 BT 20 BOEROFEYTHL. 28, X6.14 1S
i3, EEBR (1) L FRRICEBOLD, AREBLHVRVEEE LT,

o Vir = L5(AIERET) ICEE, (F,7,2) =(0.0,0.2650.178) O & & (LLF, FHB),
EOWTOETHHZMA TRY.

FRAEE I LT, KDL LT EPHERTES.

o MATIHE (1) i #FHEELHABML - VOB EIZONTH 611 &0, FHEAR,

— FREEIIONT,
* #)100[episode] HIZIZEHIEI — AL DEDORKMELH 40°, 12 ->THY, #
BOHMORBETRVWERELZRLTWAZ L,
* FOBEBEMZPTTRACHBEV-VEZXEL TSI E,
— HHLV—- VDR ZIZDNT,
+ FHEL6, 32, 641CHNBE, BWHEEEZRLTWAZ L,
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6.13: FEBR (2) X BT 2 EEHFHROFE S OB



X 6.14: 3288 (2) IZBWTREV AT LHEBLLBEI AL OEORKEDVRADEE
EBRROBEDHIEN — VI & BETHE & BERES Vg = 1.5 DA & 5 EITHE

« AFI —ALOEORKMEN10° LFIE b eh o/l &,
o MFTIHA (2) : KRB ZEBOY A XIZDoWTH 6.12 & 1, T AL,
- FEB LD AN L,
o« REIEE (3) : BEBHOFESIIOVWTHE 6.13 &0, FHEA I,
— BRI 13 ATy TBE T TOBRBEEHRYSEEL VWD 2 L,
- DFENEHLEB I ATy TEEFTOREBBEHRESBLTWLZ L,
o BMETHE (4) : HEMIBE LHEL -V IcoWTR 6.14 £ ), EB (1) £ AR
FH A I,
~ FEBERETAE, ¥ — A worst IBVTH, BLMERERLTWAZ L,
— r—Abest LBWVT, BEETE, T2TREVHOD, FIZEHTETVS
Tk,
o WMETIHH (5) : A& 6.2 L 0, EBR (1) LRBRICTHE AL,
— #0.025[ms] TH Y, ¥ Izl —¥a > THWEERRM0.1[s] ® 1/4000 £512#)
AbNTWBEZEds, FHEEHETHININI L.
7, EBRQ)UIBVWTFEALINERINTIRET A VY O—FlIZDOWTX 6.15~
X 6.17 12T, &8,
e 615 ICHEI—ALOEN-10°ICBITHRET 115,
e M6.16 I CHEI—AMLDENCIIBITARET 1+ LY,
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Yaw Angle =-10

10

[5,]

Roll Angle [degree]

-10

-10 0 5 10

5
Pitch Angle [degree]

6.15: EER(2) ICBVTTr— XA ALV ERINTRET Vs o6 (BEEI—HLOD
# 1 -10)

o MGITICHEI—HLDENIC IZBITALIRET 1LY,

RY. 72l RLZZIREET 4 L #IZDWTHEE (1) LR, 1 D01 D%
WREXRL, BTHOBTIZZOHRTFTRENLEHREBIIN L THAVZEEFHROFR S
ART. B, EHRBICBIIEREROEI NV OOHEIIHFL AR L. K 6.15~
X617 &0, FEAILLI-TEBINIRETZ A VI O—FIL, ROZEDVHETES,
o EEE (D) IIBVTHEBINTRET A VyO—FIE MBI, EvFf, T—-LAaN0
BRI FEERTnDE 2 L,
o M 68~X6.10HETEE, EBRQ) BN THESINIIREZ7 LIO—FlLD
b, M HEINTVEI L.

BEEY, BRAF -ETRCBREIIBWT, REVAT L0, E~0EHT
WEEFNFNHERTE:. B, ERAP—ETLEVBEIIBWT, B2 71— Ny s
B e AL LY 274 TR, BRETIREEERONS. L, BEYAT LT,
ERADS—ETHLHIEE L AR, BEVATLEHVD I LIC L > THABEOREERE
BRTEDZ EHRERTETL.
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Yaw Angle =0

10
8 s
o
(0]
S,

a1

o °
)}
c
<
© 5
c

190 5 0 5 10

Pitch Angle [degree]

6.16: EER (2) ICBV T —A AL VEBINKET 1 Vs O—BI (BEI-HLO
7%= 0)
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Pitch Angle [degree]
6.17: EER(2) LBV TTr —2Z ALV ERSINLRKET vy o—fl (BEI-ALD

7%= 1 10)

6.4.4 HWEXRQ): ELUEIEL

FPRMEER (1) & LT, BEVAFAFHNT, BEERNA 10 LT ABEIBVT, &
LB AL BB,
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Average Maximum Difference
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6.18: FEER (1) BT L2ERI—AHLOEDORKEDEA

e 500[episode] DBIAREIZ BT, (7,7,2) = (0.0,0.265,0.178) 75 (7, §
(0.05,0.265,0.178) \2ZAL$ 5 & & (MUF, 7 — X Al),

2) =

e 250[episode] D FALERE 2> & 750[episode] DFHARFIZB VT, BRI (7,7,2) =
(0.0,0.265,0.178) 7*5 (Z,7,z) = (0.05,0.265,0.178) BT 5 & & (LT, ¥—2X
A2),
IZoWT, TRENEEOEEZE R T 20 MERZIT- 72, BLMNEBELHFOHRIEIL - VO
RE, ARHREEROY A X, BEBROESIIOWVTHRE 21T,

EEREREFX 6.18, X 6.19, X 6.20 IZRT. & B,
o X618 |[ZHIET - L DEDRKEDEAL,
o [X 6.19 ([CAERIREEZ B D H 1 X DEAL,
o [X 6.20 IZHEEEHEHROE S DEAL,
ZRY. 22T, EBRERIITRT20 MOEBROFETHS.
BERHEHICH LT, KDL I B EHFHRBTE 5.
o WRFIIAE (1)  BEALROFEN—VORIIZOVTR 6.18 &1,

- r—AAl, A2RICEAMIBEOELICHF L TCRVWEEZRLTWAE I &,
o WRETIHE (2) : WEIRBZH oY 1 ZiconTH 6.19 & 1,

- r—ZAl, A2bH3EIC

20K\ THHZ L.

o WA (3)

CEBREBROERIICOVWTH 620 &0, F—2 Al, A213,
— FRFNEEHICH LS, B5 A7y TE8FEFTOR

EH#ELHLTHDL L,

- DFNFNFNELLLED L, ARXATFy THET TOBRBEHRLZSHL WA &,



6.4 a1l —

Average Size of an Inner State Space

Average Depth of History Information

220 - . . .
200 /i .
180 /"

160
140
120
100
80
60
40
20

0 200 400 600 800 1000
Episodes

6.19: HEEE (1) WX BIT 2 NEREER OV 1 XK1

5F K I l l A -6

4 A~ -

3T 1

2t Y Ay | ]

) 1
0 2(-)0 400 600 800 1000

Episodes

6.20: #EER (1) ICBT 2 BBEHFEROE I DEL



74 F6E EHEVTOHECHEEETI AT LA

©
o O O O
T T T
-
N 1 A

o O

= N W s O DN X
o o

Average Maximum Difference
from the Target Angle [degree]

o

(=]

0 200 400 600 800 1000
Episodes

6.21: #EEE (2) IBITHEEI —ALOEDRKENEAL

PBEXY, ELIESEMATIHEIIBVTY, REV AT LAOENME, FEHEA~OEH T
HEENTNHER TS, FH, BOUEORILIMLT, ¥ CICRVHIEL — V2
5 EHHRBTE.

6.4.5 THEXEER (2):2 20KE

510, MREERQ ELT, REVATFLERVTT, 200KE* EITT 25E,
e 500[episode] DFAZEIFIC BT, BT 1° &3 5D OHEBTEMA -1° L5
BRIEICRES & & (LUF, 7 — R A3),
o F—MENHBEZEL, BMUTHEHAA 1° & ¥ 28 L HIERSA —1° & T A BED
l[episode] T 2ANEDL S L X (LT, 7r— 2 A4),
IZ2WC, TREFNEBOMEE L X T2 RIERE 77, 72720, BB —ET(Z,7,2) =
(0.0,0.265,0.178) & L7:. BHEZELFEEOHIBEN —VORES, NEREEBOY A X, BEHF
HROESIZOVTHR .
LR TH 6.2, 6.22, X 623 IZ7RT. & B,
o X621 ICHEI —ALDEDRKEDEAL,
o [X] 6.22 ICNEIRFEZ=H D XDEAL,
o [0 6.23 ICEBEERDFES DEAL,
AT, 22T, ERFRET T2 EHOERDFEHTH 5.
BRFEBICHN LT, RKOX ) LI EPHRETES,
o WA (1) : BWEAELROHIH NV -V ORIIIDOVTH 6.21 & 1,



Average Size of an Inner State Space

6.22:

Average Depth of History Information

300

250 I

200 F 7}/

150

100

50

200 400 600 800 1000
Episodes

FRERR (2) 1281 5 NEIRBZEROY 1 XDOEAL

1.8
1.7
16
1.5
14
1.3
12
11 r

L ] T 1
A3 rr'J_
{..§\A4 i

0.9

6.23

200 400 600 800 1000
Episodes

. WRER (2) KB 3 BEEROE S 0z



76 H6E T[HREVTOEICHEEETVAT A

- = A A3 RBEEISE LB, —HHIELV - VORESELLLOD, T
WERWHIEL—- V2 ERLTWE I &,
- F—AALIZFER (1) EREROUEZRLTNLI L,
o RIEH (2) | WEBREEZR O 4 1oV TR 6.22 £ 1),
- F—AA3, AALIRITH B0 KRB THL I L,
— = A AN, A2 AMBIEY - FRICARED > TRL 5 8E % #£17
LTwa7zo, WHIKEOY A XbH 25 THH L.
o HEFIHRE (3) : BEBHOBEZIIOVT, M 623 L), ¥—RA A3, Adid,

~ FTRENEAEWIZH L6, H 175 ATy TEETI TORBHRRELHL TN

ek,

- 2%, HLLH L ATy TREXEFTORBEFRESBL TSI L.
PELY, 2008 EITTIHEICBVTH, REVAT LAWY, ER~OBHT
REMEE ENENMERTE L, BRI, BL2AREZETLARIL, —BHEIELL LD,

ICRWHIE Y — V2 RS 5 2 EPFHERTE .

6.5 #E

RETIE, FEHSETRELCFEOLVERNLZEE~NO#AMN L LT, BFHEVTOH
ATV AT LERY B, 22T FET, £FDCE— 5 258N %155 S iaEREH
%ﬁiw?%ﬂ%tbf,Ekﬁi’EH%%@EWT®£$¥4+‘71@%?wQ%
1otz o8I, BRWLR VA F I A5ZELLLE, BHECTOEEETVRATLEL
T,%SETﬁibtiﬁ%ﬁﬁﬁb,E%Tég&&;of,DC%—ymwkﬁﬁr%
HAETLVATLAZRELL. TORFVAT LI, ROZEPHHFETES.

(1) FHB-A—ANIIEDLEED ZHEL - VERINDL Z L,

(2) KEBROBE % ETT HHE @ﬁﬁ%@ﬁbu% HgDZRRIENEL L1256 R &,
FREZECBEHETOBEIEILL2EAICB VT, B2 HIEIL— LR
EhaZtk,

(3) HHZEZEUCEHECTICELT, 22y 7§ L ERFHTHTH > T @8 2 Hl
HV— VPR INDL T L.

ZFLT, BEECTORKRY A F I 7 AHETVYIab—Ya il oT, (1) HsHA

BB BREALETTHHE, 2 ERAFN—ETEVWERELZETTLHE, SOIHEL

T, B)EAMBIEAT 2HE, (4) 200REXETTAHHE, 20T, BREV AT
LOFMEL LN, EBROBEHHCT~OBRAWELEZHRA L. T8, REVAT
LERHWDLZ L > THAZBOREAHZEBRTE LI L GO THAL .



6.5 & 17

HROBEL LT, YREVAT 2 DEGATHZEZHA~OIR, 2) EBROBHE VT ~HE

/é,\(
¥ELTC, YATLOEMUERTTHIL, REPETLNS.

H






HEN

gbooboboobooobobooobouoboboobobooobooboboooobooboo
gbooboobooboobboobooboooobooboboobobobooooboo
goboobooooboobooobobooobobboobooboboobboobobo
gooobooboooobooboobobboboobobooboobobooon
goo
g2000000000000000000000O0000O0OO0DOOOO0OOODOO
gbooboboobobooboboobobooboobobooboboobobo
gooobooobobobooobooogoboobobooboboobobooobooon
gobooboogad
g3bboboobobobooobobuoobobooboboooobobooobobo
O00o0ooooooobobOoooooooooooooboooooMDbPsO0OOO POMDPs
gooboboboooobobooobbboooobbboooooobboooooobog
goboobooobobooobobooooboobooooboobobooooobobooon
gbooboobobboboooobooboboobobbobooboooboooboo
obobobob40000000Db00DO
4000000000000 DO00OO0ODOODOODODOOODODOODODOODO
ooooobo MDpsOOOODUOODOOOoOOoOobOobOobobDobooboooboboo
goooboobooooboboogobooooboboogboooobooooobooo
gboobooboboobobooboobobooboooboboboooboan
gbooboboooboboooboboboooboboooboooboobooboooboboo
gbooboboobooboboooooobbobooboobobooboboobobo
goboobobooboboobobuooboboobobobobooobooobobo
ggobooogooboobooobogoboboooobooooboobooooboboooboooon
gobooboobobooooooboo
Os50000POMDPsOOOO0DOOODOOOOOODODOOODOODOOOODODOO
0O00DOO000DOOO000ODOoO00oOooOoOOooooOoD pOMDPsOOOODODOOOODOO
4000000000 POMDPsOOOOOOOOOOODOOOODOOOOOOODOOOO

79



80 O 70 OO

ooobooobooooooooooo pOMDPsOODOOOOODOOOODOOODO
gbooboodgoboobobuoobobooboboobobooobuooboooobobo
gooooooboooobooobooboooboooboboooboobobob4b0b0obbDOoD
gboobobobobobooboboobobooboobooboboobobooobo
gooobooogobobooobooogobooboboobooboooooboooo
gboobobgobobobooboboooboboboboboboobobooobo
gobobooboobooobboboooboboobobooooboooobobooboboooooo
POMDPsOOODOOOOODOOOOOOODOOODOOOOOOODOOODOOOODO
goboobooooboobooobooboon

gebobooO0sdoboobooobooboooboobobboboobobooboobo
gbogboboobooobobobobodgbboboboobuoobobooobobo
gooobCcOOoOoOoOooobooOooOobOooOoUooOoboOoUOoDbDboooOobDobooDoboooo
gboobobooboobobooboboooobobooobooobobooobooboo
goboboooboobuooboobooboobsobuooboobobobobobobg
gooooooobcooooOoOoOCOOOOObOO0oUU0oooooooooooooo
gobodoboooobooobooon

(1) DO0O0O0O0O0O0U00D00OO0OOODOO0OO00ODODOOODODODOOOO

(2) 000O0O0OO0OOOO0DOOOO0ODOOOO0OOOOD0OOOODOOOOUODOOOOOOO
gboboooooooobgobobobobobooooooboboboboboo
gboogoo

(3 0000000000000 0O0U0OO0OODOO0OO0D0D0LOOODODOODOODODODOO
gbobooboobooooboon

00000000000000000000000000000O0O0000U0O0()UoD
0000000ooo0O0O00@)Oo0o00ooooO0O0o000oooOoOOO0o0OoOooo
000@3)0oo0000oo0o0000@4) 200000000000 00OOO00DOOOOOO
gboobooboobobooboboobobooboboooboboobooooobooboo
gobooboooobooboooobooboobobooboonoobg
gbooogoooboboooboboboobooboboobooboobooboooo
googobooogboboooboobooboboooboobooooboobooobooo
gboobobbooooboboobobodboboobooobooboboooboboo
goboooobooooboooboooon
goboobooooboooboooobbboooobboooooobbooooooDoo
gbooboobooboboobooboboobobboboobobboboobobo
gooobooogooboboooboboooobooooboooobooooobboooo
gbooboboooboobobooboboobobooobooboobooobobo



o770 OO 81

gbobobobobobobobobooobo






gbobogbooboobooobogobooobobooboboobooboooboooboboo
gbodgbooboobogbuobooooobobobooboobobobooobobo
gobbooobooobobooobbooobbooobboo boobobooboboooboobg
gobooboooobo bboobbooboobobooboobon

gobooobooobooobooobooobboobb obboooboooo
gboooboboooooobbobooobobooboooobobooobOoobooon
gogboobuoobooooboboobbuoobbbooobooo boooboboobobdg
goooooon

oboboooobooobooooboooboooobbooobooboob ooooboooo
goboobogd

gobooboooboboboooboooooooboobobooboobooboobooboo
0000oo0oo0o0o0ooooo,0000000oOO0O000oooDOO (0 Dobooooooo
g0o00O0O0)00000D0D0D0oOoOoOoOOOOO0O0OO0OO0OCCOO0OOOOOOOObOOOOO
goboobooooboobooooboobooobobooboboonobo

gooobobooboboobooboboobobooboobobobobooo
gobooboobooobooboboooboboboobooooboboobboboobboooo
gbobdboboboboboboboobobobobooooboobobobobobo

gbooboobooboobobooboboobooooboboobobooobobooooan
gob 0obobboob oboobooboobuooboobooboobooboooo
b0 obobo oboobooboobobgo

83






oo

1)

2)

3)

10)

11)

Sutton, R. S. and Barto, A. G.,“ Reinforcement Learning,” A Bradford Book, MIT
Press, 1998. (00 00,00,“0000,” 0000, 2000.)

00 0,00 00,00 00,0000000000000,7 00000, Vol. 38,
No. 10, pp. 618-623, 1999.

Chrisman, L., “Reinforcement Learning with Perceptual Aliasing: The Perceptual Dis-
tinctions Approach,” Proc. of the 10th International Conference on Artificial Intelli-

gence, pp. 183-188, AAAT Press, 1992.

Kaelbling, L. P., Littman, M. L. and Moore, A. W.,“Reinforcement Learning: A
Survey,” Jornal of Artificial Intelligence Research, Vol. 4, 1996.

Lin, L. J. and Mitchell, T. M., “Reinforcement Learning with Hidden State,” Proc. of
the 2nd International Conference on Simulation of Adaptive Behavior, pp. 271-280,
1992.

Whitehead, S. D. and Lin, L. J.,“Reinforcement Learning of Non-Markov Decision
Processes,” Artificial Intelligence 73, pp. 271-306, 1995.

Bradtke, S. J. and Duff, M. O.,“Reinforcement Learning Methods for Continuous-
Time Markov Decision Problems,” In Tesauro, G., Touretzky, D. and Leen, T. (eds.),
Advances in Neural Information Processiong Systems: Proc. of the 1994 Conference,
pp- 393-400. MIT Press, Cambridge, MA., 1995.

Doya, K.,“Temporal Difference Learning in Continuous Time and Space,” In Touret-
zky, D. S., Mozer, M. C. and Hasselmo, M. E. (eds.),Advances in Neural Information
Processing Systems: Proceeding of the 1995 Conference, pp. 1073-1079. MIT Press,
1996.

00 00,00 00,00 00,“MarcoPolod 000000000000000000
00000000000, 0000000, Vol. 12, No. 1, pp. 78-89, 1997.

00 00,00 00,00 00,“Qlearning000000000000000, 00O
000000000, Vol. 37, No. 3, pp. 242-249, 2001.

00 00,00 00,00 00,000000000000 Q-Learning000000
000000, 00000000000, Vol. J86-D-I, No. 7, pp. 490-499, 2003.

85



86

goog

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Sutton, R. S.,“Learning to Predict by the Methods of Temporal Difference,” Machine
Learning, Vol. 3, pp. 9-44, 1988.

Watkins, C. J. C. H.,“Learning from Delayed Rewards,” PhD Thesis, University of
Cambridge, 1989.

Peng, J. and Williams, R. J.,“Incremental Multi-Step Q-Learning, Machine Learning,”
Vol. 22, pp. 283-290, 1996.

Sutton, R. S.,“Integrated Architectures for Learning, Planning, and Reacting Based
on Approximating Dynamic Programming,” Proc. of the 7th International Conference

of Machine Learning, pp. 216-224, 1990.

Takahashi, Y., Asada, M. and Hosoda, K., “Reasonable Performance in Less Learning
Time by Real Robot Based on Incremental State Space Segmentation,” Proc. of the
IEEE/RSJ International Conference on Intelligent Robots and Systems, pp. 1518-
1524, 1996.

00 0,00 00,00 0,00000000000000000000000,”0
00000000, Vol. 15, No. 6, pp. 886-892, 1997.

Murao, H. and Kitamura, S.,“QLASS: An Enhancement of Q-learning to Generate
State Space Adaptively,” Fourth European Conference on Artificial Life(ECAL9T),
1997.

00 00,00 0,00 00,“000000000000000000000000
0,7020000000000000, pp. 143-148, 1998.

00 00,000 00,0 00,00000000000000000000000
000, 0000000, Vol. 15, No. 2, pp. 297-308, 2000.

000,00 0,00000000000000000000,"000000000
0 000000, 2001-1CS-123, pp. 141-146, 2001.

00 00,0 00,000 00,00000000000000000000000
00, 0000000, Vol. 16, No. 1, pp. 128-138, 2001.

oo oo,000,0000,«c000ooboOoO00ooDoooooboobooooo
gobooboooooobooboooy b2000b00b0oobooboooooO, 3931,
2002.

Sutton, R. S.,“Generalization in Reinforcement Learning: Successful Examples Using
Sparse Coarse Coding,” Advances in Neural Information Processing Systems: Pro-
ceeding of the 1995 Conference, pp. 1038-1044, 1996.

o0 ob,00 00,000 b0obooboobooooboooboooboobOobooboOoo
oobDoOooooo,y 0boOooooooon, vol. J82-D-I1, N0O.11, pp. 2118-2131,



ugoog 87

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

1999.

00 00,00 00,000000000000000000,”000000000,
Vol. 6, No. 3, pp. 144-154, 1999.

McCallum, R. A.,“Instance-Based Utile Distinctions for Reinforcement Learning with
Hidden State,” Proc. of the 12th International Conference on Machine Learning,

pp. 387-395, 1995.

Kimura, H., Yamamura, M. and Kobayashi, S.,“ Reinforcement Learning by Stochastic
Hill Climbing on Discounted Reward,” Proc. of the 12th International Conference on

Machine Learning, pp. 295-303, 1995.

000,00 00,0000,0000000000000000000000000
000000, 0000000, Vol. 11, No. 5, pp. 761-768, 1996.

Baird, L.,“Residual Algorithms: Reinforcement Learning with Function Approxima-

tion,” Proc. of the 12th International Conference on Machine Learning, pp30-37, 1995.

00 0,00 0O0,“00000000 Support Vector Machine 0 00000000
0700000000000, J86-D-1, 12, pp. 897-905, 2003.

o0 oo,00 o,0b0 0,00 00,00 b,“000o0bo0oooooooooon
000000000000, 00000000000, 38,5, pp. 469-476, 2002.

00 00,00 000,00 0DO0,0000ARTODOODDOOODOOODODOOODOO
00000000000000,” 0000, NC2002-213, pp. 43-48, 2004.

00 00,“00000000000000000000O0DoO0O0n, 00ono, NC2004-
81, pp. 75-79, 2004.

Ono, N. and Fukumoto, K.,“Multi-agent Reinforcement Learning: A Modular Ap-
proach,” Proc. of the 2nd International Conference on Multi-agent Systems(ICMAS-
96),AAAI Press, 1996.

o0 00,00 000000000000 bObOO0o0oo0obooooboooooa
0,,00000000000, J88-D-L, 4, pp. 864-872, 2005.

o0 oo,00 0,00 Oo,00 oO0,“0co00b0b000000b0OoOoOoOoooOoOn
0000, 0000000000000000, 23-B, pp. 13-20, 2005.

Littman, M. L., Cassandra, A. R. and Kaelbling, L. P.,“Learning Plicies for Patially
Observable Environment: Scaling up,” Proc. of Conf. on Machine Learning-1994,
pp. 362-370, 1995.

oooo,00,000,s00o0booogoooboboooooobooooDboboOogooo
ooooooboooooooybboobogg, Vol 13, No. 3, pp. 68-78, 1998.



88

goog

40)

41)

42)

43)

44)

45)

46)

A7)

48)

49)

50)

51)

52)

53)

00 00,00 00,“Profit Sharing 00 000000000000 PSr*00000
O” 0000000, Vol. 18, No. 5, pp. 286-296, 2003.

00 0,00 00,0000000000000 Profit Sharing,” 0000000,
Vol. 19, No. 5, pp. 379-388, 2004.

Glickman, M. R. and Sycara, K., “Evolutionary Search, Stochastic Policies with Mem-
ory, and Reinforcement Learning with Hidden State,” Proc. of the 18th International

Conference on Machine Learning, pp. 194-201, 2001.

00 000,00 00,00000000000000000000000000000
0000000000, 00000000000, Vol. J86-D-II, No. 7, pp. 1067-1077,
2003.

Wiering, M. and Schmidhuber, J.,“HQ-Learning,” Adaptive Behavior, Vol. 6, No. 2,
pp- 219-246, 1997.

Sun, R. and Sessions, C.,“Self-Segmentation of Sequences: Automatic Formation of
Hierarchies of Sequential Behaviors,” IEEE Trans., SMC-B-30, pp. 403-418, 2000.
o0 oo,00 oo,“000b00oboooooboooooooon -oco0bogo-
O00000-” 0000000 C, Vol. 122, No. 7, pp. 1186-1193, 2002.

Lee, H. and Kamaya, H.,“Labeling Q-Learning in POMDP Environments,” IEICE
TRANS.INF.&SYST., Vol. E85-D, No,9, pp. 1425-1432, 2002.

Kamaya, H. and Abe, K., “Hierarchical Q-learning in POMDP Environments,” Proc.
of the Eleventh International Symposium on Artificial Life and Robotics 2006 (AROB
11th’06), OS7-4(CD-ROM), 2006.

Singh, S. P., Jaakkola, T. and Jordan, M. I.,“Learning Without State-Estimation in
Partially Observable Markovian Decision Processes,” Proc.of the 11th International
Conference on Machine Learning, pp. 284-292, 1994.

Sutton, R. S., McAllester, D., Singh, S. and Mansour, Y.,“Policy Gradient Meth-
ods for Reinforcement Learning with Function Approximation,” Advances in Neural

Information Processing Systems 12(NIPS12), pp. 1057-1063, 2000.

000,00 0,0000000000000000000000000000-00
0D0000000- 00000000000, J84-D-1, 3, pp. 285-293, 2001.

00 00,000,000,00000000000000000000000,”0
000000 C, Vol. 126, No. 7, pp. 832-839, 2006.

Singh, S. P. and Sutton, R. S, “Reinforcement Learning with Replacing Eligibility
Traces,” Machine Learning, Vol. 22, pp. 123-158, 1996.



ugoog 89

54)

55)

56)

57)

58)

59)

60)

61)

62)

00 00,0 00,00 00,00 00,0000000000000000000
0000000000000,” 0000, TL2003-9, pp. 49-54, 2003.

00 000,00 00,00 00,0000,0000,0000000000000
000000000000, 000000000 (CO), Vol. 69, No. 688, pp. 210-217,
2003.

00 00,00 00,0000000000000000000000000,700
00000 DMOO00000), Vol. 123, No. 10, pp. 1118-1124, 2003.

00 00,00 0,000000000000000000000000000,”0
000000000000, Vol. 19, No. 1, pp. 7-14, 2006.

00 00,00 0,00 00,0000,0000,000,0000000000
000000000000000, 014000000000000, pp. 81-84, 1999.
00 00,00 00,00000000000000000000000000,70
16000000000000, pp. 53-56, 2006.

00 00,00 00,0000,00,0000,“0000000000000000
0000000000000, 00000000000000, No. 18, pp. 6-10, 2002.
00 0,00 00,00 00,0000000000000,”0000000000
000, Vol. 7, No. 6, pp. 207-212, 1994.

o0 oo,000,000,POMDPsO0OOCOOOOOOODOODOOOyDOOO
OOooooooo,(ooo).






Jooooogog

Jodd

() 0000,00 0,00 0,“00000000000000000000000,70
000000 C, Vol. 126, No. 7, pp. 832-839, 2006.

(2) 000,00 0,00 0,“POMDPsOOO0OIOO0OOOOOOOOOOO, OO0
gooooooo,bob.

(3 booo,00O0,000,0000,“00000000C0DOOOOOCODOOO
oooyo000obooooooob,ooo.

godd

(1) Masato Nagayoshi, Hajime Murao and Hisashi Tamaki, “A State Space Filter for
Reinforcement Learning,” Proc. of the Eleventh International Symposium on Ar-
tificial Life and Robotics 2006 (AROB 11th’06), pp. 615-618 (GS1-3 (CD-ROM)),
2006.

(2) Masato Nagayoshi, Hajime Murao and Hisashi Tamaki, “A State Space Filter for
Reinforcement Learning in POMDPs - Application to a Continuous State Space -,”
Proc. of the SICE-ICSE International Joint Conference 2006 (SICE-ICCAS 2006),
pp. 6037-6042 (SE18-4 (DVD-ROM)), 2006.

00O

() booo,00 0,00 0,0000,“00000000000O00OODODODOOO
goobo,0b0bobuobobobobobo 230-B, pp- 13-20, 2005.

ooon

(1) booOo,o00 0,00 0,0000,“c00000D0OODOOODOOOOOOOO
cooobOooOooooboOo,b460b000000DOOOOCOODODOOY pp.

91



92

goboooooan

433-434, 2002.

oooo,00 0,00 0,0000,“cooboooooboooboobooooOooo
Oy0480000000000D00000000O, pp. 607-608, 2004.

0D000,00 0,00 0,0000,¢“0000000000000000000
000000000000, 00160000000000000000000, pp.
429-434, 2004.

oooob,00 b,0b b0,0b0b,“cobob0obUoboboobDoboDooooo
-0booboooboobooboooy owwooboobobooooboooo, pp.
195-200, 2005.

cooo,0ob0 ob,000,0o0o0b,soocoobooobooobboOoobooobogyY
049000000000000000000, pp. 293-294, 2005.

oooo,0b0 0,00 0,“0000bOOOOC00O0ObbOoOoOoOooooooDoDO
oooooooooy, DD 1rOoOC0O00O0OoooobDooOoOoOoOg, pp. 474-479,
2005.

oooo,boobobo,bo b,00 b0,“cobbooboboobbooboooboboooobooo
oboobobobogooooooy osoibooooboboboooooon, pp.
355-356, 2006.

0o00,0000,00 0,0000,0000,0000,0000,00000, ¢
0000000-000000000000000000000000000000,7
021000000000000, pp. 13-14, 2006.

0000,00 0,0000,0000,0000,0000,0000,¢100000
0000000000000 0000000000000000000000000
00, 0000000000000 9000000—pp. 123-126, 2006.

(10 bOoOO0O,00 0,00 O0,“POMDPsOD0D00OOOOODOOOOOOOOOOOO
0doood0oDOddoooooOOoy 00 8ooooooooooooooooooag,
pp. 487-492, 2006.

Oooodn

(1)

(2)

(3)

oooo,00 0,00 0,00o0b0,sCooDoooDooboobLbooooboooogay
g1oobooobooboboobod, pp. 129-132, 2004.

ogooo,dob0 0,00 b0b,00b00, ‘bbb oobobgobDooooogy
U11goobogbobgobobdgn, pp. 123-126, 2005.

oo0oo,00 0,00 0,¢«00000000 POMDPsOOOODOOODOOOOO



uboobooooogon 93

o0,y 01200000000000000, pp. 68-71, 2006.



