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Evolutionary operant behavior learning model @nd
its application to mobile robot obstacle aveidance

GAO Yuanyuan , ZHU Fan, “SONG Hehgjun
( School of Information Engineering, Zhejiang Agriculture and Férésipy University, NHangzhou Zhejiang 311300, China)

Abstract: To solve the problem of poor self-adaptive abilityjifi the robot obstacle avoidance, combined with evolution
thought of Genetic Algorithm ( GA), an Evolutionary Operaat\Béhaviof Learning Model ( EOBLM) was proposed for the mobile
robot learning obstacle avoidance in unknown environfiéhts which\was based on Operant Conditioning ( OC) and Adaptive
Heuristic Critic ( AHC) learning. The proposed qnodel?avas aSmoédified version of the AHC learning architecture. Adaptive
Critic Element ( ACE) network was composed of a multi-layewd feedforward network and the learning was enhanced by TD( A)
algorithm and gradient descent algorithm. A tropismfiechanism was designed in this stage as intrinsic motivation and it could
direct the orientation of the Agent learning. Adapfive Selection Element ( ASE) network was used to optimize operant behavior
to achieve the best mapping from state to agtor\_The optimizing process has two stages. At the first stage, the information
entropy got by OC learning algorithm was gised as individual fitness to search the optimal individual with executing the GA
learning. At the second stage, the OC learhing selected the optimal operation behavior within the optimal individual and got
new information entropy. The resultg 6f ‘experiments on obstacle avoidance show that the method endows the mobile robot with
the capabilities of learning obsfacle/avoidance actively for path planning through interaction with the environment constantly.
The results were compared with*the traditional AHC learning algorithm, and the proposed model had better performance on
self-learning and self-adaptive abilities.

Key words: mobile robot; Adaptive Heuristic Critic ( AHC); operant conditioning; Genetic Algorithm ( GA); obstacle

avoidance

0 5%

Bla ABT R A BAR R A BEBTER TR S
AL AR MRS B T AMEERE AR, #
FRITS shplas AR Ty vk R BA A LHak I
ZRgEAEEEEE" Y AR TEAERAREE
e —E R, B IR R RR LR 2 EAFS, L
HX T ARMINGE A DE LR R R SRR, £ B IEK
fi#o MitArE T BT R N AR B AR IR BUR L T
RS,

W5 B H9 :2013-02-26 ; {& [E H #4 :2013-05-07,

SEA MRS AT 2] r AR, 1R
> AT LRI )5 PRI B S B T ARAR R R SRR S RSB A&
GiRALEIPERE , B—FHRSE ¥ T TR, Sutton %1 7E Barto
SHP R ER Y T B8 M E R IFH (Adaptive Heuristic
Critic, AHC) J7#k, AHC 5] REEEF B A & L W4 8o
( Adaptive Critic Element, ACE) Fl 5 1 1% 4% 81 51 ( Adaptive
Selection Element,ASE) 401, )5, —26E % AHC &
EAET #E— MBS, ¥R T AHC R SRS, AR,
EAEGH AHC FER ALY FRIAR, HE AR A FE
IR SRR SE 2R Bh ) ) o Touretzky & 35

ESWE HLE TR RS YO E (LQI3F030012) s ¥ TLRM KA AA JH 39t B (2013FR023) .

VEEE A - AR (1984 - ) , 20 R BN B, Wk, EBERT SR T7 1) RSB HLAR A F5thl  ALaR 27 > B B 5

KA (1979 =), %, iR

FAPHA YR, T, EEERRSE5 1 AR R AR BAL B s SRIEFE (1981 =) 35 INARGS LN BSR4, EEORFE 0 [ - B HE 0@ LR e



2284 A A

533 %

FARgRRAE ST T R R R B S LA N E A B4 5 3 W B So it
P THERHEAE R AR R . M4 IR — TP IR R E
PR, LRI TELR 5 ] O ik M SR LR A B2 A
WERRE S BA BEMBISHE. Gumisky %1 224254 3
2 OHEERZYATHER KR T — i > REFERAT
BEEL AR BT A S TR T M BB, &30F
RILES AHC Jrikdal b, 51 AME.L % FERIESR 5t
FS AW R AGHLRIE R AR, ST — R A 2 2 ik,
ENSRABRATZY —FERA B EF I ERIEHIRES .

Touretzky %) 2 H A9 #% 4F & # R 5 ( Operant
Conditioning, OC) AN RAEV R AR ES W EI K, 1
SRR BRI T . R OAEN  E—BRIET I —
B 2B HAERERML, WZAT H R ARSI, BIE
F RS SR RE T, ERIAT RS RXT A
M, B20t4E 90 FR PG, XERNERRERE
(CMU) Bl A 27 5% B EZRFFE K TF Skinner OC F 353 2
WA, SRR AR H 3 7 T R S R
L ARG TENLAS A B SEBUX AP REAY, 5 AT SR HL
M, 1997 4B, 2 H I - 3 K % Neurobotics 52 I & 1
Gaudiano %7 &1 3¢ — M PRA R ML A Khepera ) SATN
B EEN. T —A Pavlov BB Skinner HUSHHSS & &R
AL, Khepera AN ZALAT S5 46 F IR MBI S, B AT 718 AT
AR ) FURE R RS . 2005 4F, H A LA KU T2 &
PLEE A B 58 /N4 Toh 2510 g A 4 4k H1 28 A ( Humanoid
Robot) it — R BT OC #BAE K AT B BT WAL, 2
Je 'Y Hull £5 4B K AE R Sinner #AF 55 44 51 BB %7
R, I WE-ARIL RE7EH TS5 il & 1947 2 51 22 a8 Y5 A
FHBE RSB EBRIT AR, EHR, Xt
TRERIRA A AR EEE TR AR, AR LEED),
MRS T IR

DM B SN & B S AR IR & 1
FURALE], BeHT AR O R G 4 T RAMECE THER
B JF IR T PR LA AR PA i [ JENY B R R 4
0C 5 GA M55 & —R I T — PR AE R N AR, I 3 Hogt
T TYIRHBSE, A T RRMRIAEN B P& &, BER
B () B 5] A2 B GAN OC, 38 55 I B A0 ¢ F B
FLASCLAME KR, 7E AHC 25 HE2R T, 5IA T G E %N
HEALRAE, R I T — AP AL RAE 2 S B RDRARIU A ) OC %
P ENSRABRSY N EARER 8% AENRES.
T BST(ACE) RAZZRT M M4k L3, A TD(AD) &
EFRR R NS AT ALE R, R T A M55 3,
ELL PR IL (ASE) IR E B L IR EST LN & & 1
B, 53 RPN 2T B BER SE A, - 25— B Bl S R R A A U 2
MR ERBIE BRAE N MRS R, PUT CA R EILD
R, AT A B B B AL BET AR & 58 — B B OC
I HEFFERMEN B RICRIET N, HEBFNER
WE 38 RN MAER A B BUG WA RN H T30 L
AN RBEAT o LA ATERBUNE S S M EALT,
WL AWT SIS N2 2T A RE S, AT L B R TR
YR EE T ToRE B B A, 2 R R BE T

1 SEARARAT 0 F 3R B A M3

BEALBRAEZ B AL R A THRIE AR RO A S 1,
BRI ERE TN RSO R BB AEE TR

LEMINE 1 P, TFMEIG(ACE) R AL ERTMME R %5k
SEEL, FIFH TD (X ) B M B T Mk A AUE B 85, HEH
RN RIRRILES r, REBTHRREES s, Xk
RIS ERTT IR, Ho o8 V(s,) , ATRA RN ik 584k
B8 r,, EPITH—RBESER , REEE I FIRE,ACE B
T H O] AR PE SR IS5 . B YEXE BT (ASE) 25
FH SR s S B S PAT B IR R S R A WA, IR
FFFRAER B T B ANERALE S r,o ASE 40 N BB
BORSER: SB—BrBOE T OC 2 BB R ME BH1E R
IAGE R BE , AT CA M REMAMA; HHr B OC %3 Bk
BERM MEN KB BRAETT A, IR HE B BEIME

ACE

ﬁﬁ’fﬁ?ﬂ!éélﬁj% RAON wf*ama

B 1 b Ree ™ B LA

BEAHRAR P IR B = ¢ I 855, RSB 2
WF

B NEFATET GA £ TRALE A, BB LR #
RNRE . CAHFRMABRIET RS, B4 2 BB
HNESR R N ARG B SRR RIL R 85873
PR NMRERR - IR VR BRI E R
R AL SRR SR T A i AT 4R
ENYSE B ], BN A B T 5, B L R, AR T
FRGUHY BE R B HRGE ST, T GA P, M PR SR
XA NREGHATRB . B A MBI {7 B,
K AR BARIEAE A& 0L B XA AT PR, P A R
HEBUME BER MAE N LR N & UHER T —
LBEFERMAT AR S

BAEILST BT 0C £ JAUAT N, BRZSF Sk
MBS, 7E OC A, Nk — 2% J BB M B AR RAIEST R
APl B ) SRR BRI BN R BT il
st B— RIS NEA —MERES TN, 25
Hpos g JLER, f U PR BRI, R AE1T N
A PHMRMEBRRRAT A HERE RS, IR
RPRE T BB N

BEAFIES T RIR M E PSR IR E R R, B
P AT R . HRAT R ARBRAEAT NG, RGEH 3
PORAS, Il IR IR ARG TR 5 H, @ad TD(A) R BE
TR B 2 M S AU TE R . B2 P4 1T
A EWEPE, SRPEOTZARAEAT A B9 1055, BT B 36 =R
SRALE S, ARSI R SR B P65 8., PAMESS 0C 25
TR S B A ke , B LI T 1AL
2 %St
2.1 ACE W28k

ACE PHH W28 R FH =2 A [0+ 22 45, MR OB 22 P i 22
SRR R BB E R SR RN EENE™ . AR
S R ZTTT S ABIT R n Al m, B R R4
MBI RS SMARREEZEE; 5,5, .8,
AWBIA 11,5,y HEE RN 2R 5
HV(s)swo,u RRARSREE WARSHEZE . B



%84

HEBE R OBREFAFIEDRESINBARE Loy 2 A 2285

B S R R AU,
& Jwps(0) = oy, TR (0 = /[ Fugsi(0) | =
Sey), Hrb f(+) Jy sigmoid BR%L, & A

1
f(x) = 1 +exp( -x)

% f v, (t)s,(£) + iuj(t)yj(t) = o,, ATLIEH]

(1)

Vs) = /] Zut0s ) + X050 | =Sen)

(2)

HTF B} 52543 ( Temporal Difference , TD) 2 25 4 i, K58
HiEEH

;t =rt+7V(3t+1) _V(st) (3)

Hopy(0 sy < 1) AEIFERMITNR, TERARER

B RR B AT AU EE BT AR, B TD Bkie X

P £ ¥ RE R, BP

1.

E(t) = 57 (4)
PR E TREL, S EREEH T
oF av(s,)
Aug(t) = = @pn(D) = % ug(e) =
aétsz)x”_kagV(sk) (5)

Hir: wg RFERS wov T u; VwgV(s,) BXTF wg MR
S8 A S TDOV) B L H9T3E T o J2 ACE 2232,

Sl e, SRVARE MILAUE , R AL RE 5 24 i s 280 F
XoF R 2 X B8, T B e R ARG BT 2 BT R R SR,
T BAUYF AT 2 AR A R i ) MR AT ¢
AT

e, = Z AN FVwgV(s,)
k=1

VwgV(s,) +

t-1

Y A Tugh(s) = Tughs) +pmn (6)
AR SRR S T AR
{w,-<t>v<s,> LA N

av; (1) -
v (1) =v(t-1) + ar,[ Vo (8)V(s,) + e, ;]
MARSREBEENEBEARXMT
av(s,) _ avV(s,) ay;(s,) _
dw; (1) ay; (1) ow; (1)
F@)u(8) fle)y; (1)
w; (1) =w;(t-1) + ar,[ Vuw(t)V(s,) + Ae,, ] (8)
a2 5% L EREBIEARIT
V(D) = S = o))

u, (1) = u(t-1) +ar,[ Vu, (1) V(s,) + re,,] (9)
Ho:i=1,2,,n,j =12, ,m, ACEGEIHK(7) ~(9) 58
BITH M4 SHEE .

2.2 ASE ®#£3H%
BAEBLPAEE R A TR S MRIET AMES,
ThnRBAL R AR AT T B, B — TR
BERRF—FRES T BER , TR AEREEH
FIRRZSZE EFMARF AT A E Y. FQ = {4l =
12,00 N5 j = 1,2, M} RERFEE, 4 FRMEE {155
AR, N TRER A EENREE, Mg THE

(7)

Vuw;(1)V(s,) =

HE AR S BN A —AME BRI R R AE A
W BB RLEE S ARBET IR . MR AL BI A RGRTS 534E
TR —ANEE, A = {si,a,t (B =12, 0), Hip. s, B3
REYARE, o) BRE i MFEENE j MERD S £ AT
BEBAEAT . BT ¢ MREAT R#ETT 4o

EXERBWAH = {H H,, Hy| BETRE s (0)
THRIREIT AR, H (1) e H BR8Bj MREEITHES AW
7 R0 S PR @ oA 7 0 I B RS RN T

fi= VK (10)
Heh BT ABAETT N o, WA LM RS, 5 B AR
Ko 15 BIERULHIRIET N o, MARTEHERK, RERE
B B, ot I A B 38 B FE BN 5 5 R/, B
R8N R, R B AR A

HRERERENEREE, R LRGN ITE, FF
TN, AR L B O, M HLES A BEATAT R 2T 0, 3R
BRAR R MR A &, I @RS ARRE TR, A B h g — A
B EA R PR AL 25 2 F & AR 1T 4 R B E8 .
FEE DA AT IR R, B R RN, % i1
THBENE MR ARSI R |5, lay laylaz] 1,
Hes, HRGEHTALIRANIE ZOR AT A DL F A B R,
ay, X A AEAMIRIEST N, b e [1,c],c AB Y
BN REARN DA 7E#HIT GA Z8T1, B X 8 X
RBE K p, HAT0IMRL . FEE TR A F0E B
BB B i T B, B A E . R NERRAE
BRIV ENE AL L TR R (B ) B R

AT T —FP I e e B, FORAESS OC ¥ A &
Lo JH O = (¢4, 0, RERITERE, ¢, WRSE
SEFIRES s; THIBRAEEME, B X E(t) ARG TD YERRIE IR
PR, TD YERBISARE/D , R7m R G AT AL RIS BRI P8R, X
MERREEL T 05 22, B R/, B (A T 1,

1 — o~
¥ (t) = ‘W (11)

Hoe. ¢ ARAERL R E=1.0< ¢, (1) s1(i=1,2,-,
N), BE 0 i FRBUA R, BUEDY | I &I E& /D, N
RARE EEL
PRFRGAHIRT 5, T5 j MR BRIETT IR
B o P={ph.ph,upt s H e HE—DMRNBIET N
BB pj FRAS s, T8 J M MERIRIEST N o, BEES
{Ho BRAEAT MR BT AR AT -
R,(P)):TFs,(t) BAPk A, gkrh,
THEN a is a, (¢) with p}
OR ais a, (1) with p},

ORaisa, (1) with p;:c

Syt — Bt Rl A M R)E AT M R T it 1
SR ARSI R AR W T RE S h T/MRRE A R 4
M ARGR N ARE . X BER BRI 77 20k 3K
WEMARVEAT Ry A RARZS s, T o GA LTS AR AR
A, BB AL BRAEAT RS IR 485 OC 2 2] Iz A1 4
TR RS s, TRBRIMBRET IR o/ (1) e A 47 &
BB RS T RRIRIEAT N, TSR BRIBETT A 4R
AR RET AR p, (1) > p,, WEH

ar (1) = Za;kw;ik(t) (12)
b p. WEABERIE, 0.5 <p, < 1, HENEES A



2286 SR A

533 %

FEA Ko

PATERAIBRIEST R o (1) B, RGH ¢ AR s, HHH)
FIEPIRAS s(¢ + 1), 218 OC Hig, WRAT AR SR I
SRR MRZAT AR RRM, B ¢, (s + 1) — ¢, (2) > OB, IZIRAE
FT AR RN 5 R 22 AN SR AT A A0 445 SR 3 45 B P 55 ,
AT HEBFEST SR, B ¢, (1 +1) -y, (1) <O B, ZIRAEAT
RVERRERBNE ¢, (0 + 1) — ¢, (2) = 0, MIBERAZE,

T OC Eip MBS e B BRI AN T

HU4R A GA HLB RIS j MRIEIT R G RERINH,
FEZARAEAT N B R BB R BB T o

W, (¢ +1) -y, (¢) <0,

{P,L:k(t +1) = P};f(t) +4, a(t) =gq (13)
pult +1) =pp(e) -4, a(t) #aq
RSB

A, =601 _P;k(t))’A1’ =Bp;k’(t)

ﬁu%‘//i(t + 1) _‘//i(t) > O,ﬂﬂ

{P;:k'(t +1) =?}k’(t) -4, a(t) =ay (14)

P;k(t +1) = P]L'k(t) +4,, a(t) # a,

MRS RIT
A = B (0.4, = B(—L - pl(0)

HppghOCHENFEIR, 0 < B <1, 0C ¥ #@idxK
(13) L(14) R SERERAETT N BN MR, LU IR R
HIBAEAT N MEREHE , 8D MERE RS RERE RS
EXERENH = {H H,,- Hy| BETRES s, (1) JBH
BRAEAT R, H) (1) e H R MRETHES ARG H
18,

Hi(1) = H(4,(1) s,(1)) =

- gpfk(ajkl s;(£))1bpi(al | 5, (1)) (15)

3 AT EOBLM t % sh L2 A 30 &

3.1 BHIHBARS

R BB AKX PR GNE B3 ¥ 5 R 1E,
ShE 1Nk 3B R S IR — 4187 0 ST ORI 45 (I 88, A S fe
LT AL SCPRAVAAREN R =20 em, 71 18
MMERRSE 6 M—d I =4, 434 SL.SF fil SR, &—
AR B PTR I BE B TR R 2 10 ~250 em, X T —MERK
B (i=1,2,--24), HERAEN15° EHLBENGES
R YIMIE RS B Lo = IR R B R 2R o : 2 B
B dL, Ri PR dF AR MEEE dR o =AM KIFERE N
PAS AMER 58— 07 7S e R8Il 21 BE &S &/
Bz, = (16) Bim.

dR =R + i=1m,2i,r-!-,s(li)
dF =R+ min () (16)
ab =R i)

WME 2 g ASCRARA SRR, N EA X0Y Rl
HRBIRR , — R voy RPN LIRR, H A o ZHL
MARHL, MHSAWEER MM T5 v BI7ER ELe
SR EMHEALa8 A KT ERPLAFAE N A Ao,
NS NITHER M, e NGB BIE Ao BT 52
LB H .

0 X
B2 HLE RS S B bRE

3.2 (FELBSHH

PLES JORASZE BB =7 1 B S A3 BE B dL,dF i dR
BERUL s 2 A METE A0 BEE A 5 . XEE LR
& IBAS TR BE RS P BE B /N T 50 em W N(Near) , KF 50 cm
A F(Far), S = {dL,dF,dR}, TS A RSB BN EE
sn = 8, WihIWERBULMEE N sm = 5, BRETEMEHE
ARHMERN WG ER, FIRE, MR ERK BN 0,
WML AATAT A% B, SRS RS &, LA
HFAhEE , AP B — AR AR A AR R R SR &3 4R
B AR AT AR BT FEE DL AN TR NIRR , Fi g
AR, HaN = 84~ TFEE, B— T THERINE
H M=350, B0OCERHIRIETT AN ¢ = 5, BIRESN
TEDC65',65 X TRIFAALAE BT 5 FIAE B B4, o R il
A N 1 e 5 8, IEBER I e e A . BRAEAT I IR

BHRO0) = - MRIOTIIA H(0) = - 3 £ xlbg

5 X lb? =
232, WIAE R B R F(0) = 1/H(0) =0.43, Hpi=1,2,
...,N’j = 1’2,...’M,k = 1,2,...,00

HEE R, EERERIETERT MER A 8
Fr38 I BE R R B R (AR SCEE B B (B K, 38 N HE R 2 )
DM R B RARAE . b LB EE IS0 e , B ST
FaE o ELA S /INGE I B (R IV E ML A B AR B0 Ay S A
B NESR, EF—W B I8 AN RRBRIEST S
BB PR SR R ST S B B R AT A VA BE R R
FERIAE A T3R5,

BRI B R, SRR RIE L s, 3B v BXEEH
{H0.2m/s, ACE % JHEPSHEPIEAN: A =0.95,a =
0.3,n =3,m = 16; OC ¥ BB = 0.05,£ = 1,p, =
0.98; GAX¥>JH kP . X XMHEp, = 0.8, TREHEp, =
0.1,

PENLAS A HEL 300 YO — R LA, — K2 58
BUE EH BRGNS ER R B — e n S, 2Lk
110 22, FEH—RF IR, YIBEASREYIER
ANT I/ INEE A BE B [T ) Al — I 220 B 13 R 7 B E T e B
EHEFT S HRIRF R,

AL B A=A 8 TR, RIS
8 M ARS, PIBAEABREREIBED , RIERAREE
BSOS AR T P B, SR S5 AR AR A B AE SR AT A B Y i 1K
B 3 @R TR REA TR R A R b DI B E B B
B X o7 Foe /UM L) 1 B8 /IN3E o BE { ( F Boz Foe K 4 ) #4928 b
k. PlAEAZad 3000 KAFH AL T ESGRER, P38
MNEFRE S2 = (N, N, F) FHTREF LR ECH 298
Wo Hihd —EREBUS , BILBEIREL, MAR R B/NE R BE
BalkE, A ME B2 T I ILMIRIETT A S .



%84

HEEF HORETHFIRYRABHIEARE Loy 5 A 2287

Bl 4 Sy~ i b I 3 3R LA B AETT N R i
REAEAT AR E RS/ DRI T AR E R 2R ATLL
BT RSOOSR T, R PR 8 B YO
Z G AR TSR BN DN BRI 2 T M BRAETT
N B BB R O, HH AL AN S B BRAETT B R
BRBH/ D BRI RRIET AP RIAE p,, 1
7 PRI A BT IO 3 B i K, ML A 3 A B A 2 > )
T B BRIET N

15

— BREREE
---- BN EE
10
K
,L,:‘
Ms
N
0 50 100 150 200 250 300
B R
B3 ENEEAE S
1.0
0.9 — BRMERE
0.8 --- /MR ERE
0.7
%05
0.4
0.3
0.2
0.1
0 it

0 50 100 150 200 250 300

SO
B4 AR 4%

LA REE, BN RGRE TG R T RN Hl
BRAEAT 0, SEBL T AN 25 1R 2 Sl 41 2 [6] B4 B T oA R
LATUE i GA #HL)5 TR M B AR AT N RGN IATHY
BRAURAEAT N K BB AR D% R & B R, BT T B BT
JR B IATE i BE (AR R B/, IR B T BB SC AR

£ SRS TEIRAROERRIETH

RS RAIATH/(°)
SI(N, N, N) 45
S2(N, N, F) -55
S3(N, F, N) 0
S4(N, F, F) - 10
S5(F, N, N) 50
S6(F, N, F) 55
S7(F, F, N) -15
S8(F, F, F) 5

BB EREAE, SRR AR A

N T BAEAR S BT 3R B B Ao ST AR B SR 2 > 1
fiE, FIZ#A) AHC J7iktE b, X sLg P, AHC Jris & 51
A GA 2] M OC 5] HAWS 5 ASC B 11 19 EOBLM J7
AR B S BaaPlas ATE 20 I o 32 AP 3R A AR 30
TrEAMESER AHC J7 s R OB AR AL B4R, 7T LUE IR, Bl
FE VLA AW HBE AL, HL5 R ) B R 2 U BB T /N I
RELBUTCREEML . IitFT 20 IR S, B — RSB QBN
300, AEHRTLAF H, EOBLM J5 ¥k i1 T4 ASE LTl A
GA 23] H1 OC 2£25] A #E AR /D T R = ], -
TR, A LI T i KR K B B T

AHC J5 3 s BEE I R (8138 0, FLREE o Bt gl /N2 O

200
180 ——EOBLM
160 ——AHC
140
e 120
&
5 100
1
el 80
60
40
20
O 5
0 5 10 15 20
LR EL

BS R A R

B 6 AHLEF A G 20 $8 4 ) SERUG TE A IR 3105 1 T e
TR . [ (o) NEZRBEIYIRSE T 2 2] 52 BUR L
A B BB AUBTTHIE, AT LLE 1 E SRR R YRR
FHFREMEA T A U R PR - RIE R, OF Bz 34
BRI, B (b) N2 TR LA A AE IS+ 132
Tl , AR E ST 40 em, AT RUE H , B I 188 REAIPLAR A RE
T8 LB ERE , BT P s ) , TOR e A

() ERBRG BT RBTHILE ) BEREP ST
Bo6 35aashiug

MR EERAT IR, AR STt e i fEsE
B 7 TR AT LABCAT e SE AL AR AR SR . 7E SR AT E
WEPELSEBAWER , ACE BIux 47 4 SR 4 Rt AT
P VER T ASE BhE B on il K E B R B R .
ASE fU1% GA 522 f OC 22 ) BI B Be, GA 22 ~) B Beak 8 i
BT NS, OC 2= T W BT B R AL BRAEIT oo SR E
TR, A SRR ML B2 S e — DB S B T 0 R AR
NEIAE SRR E R E T FHNTR LR BT N
G MBI BAET A, I LA AL B G S AR AR AT 0 1 A e
TEAT A B 2 1 4%, DA TG 56 R R R iR 8 A A 55 SRR
AHC 2210, BA W B R B F22F 5 YR B8 B, 8 1
WEE

4 #iE

AIEE GA WAL BAR B AR R R B2 T B,
VA BIERIR Z I (AHC) 22 5 A HESR, B0t T — R (b B #2
Vep IR JPR R I TR A HLAS A2 S B IRAT . 516
GERgsRALEE ) TR AR b ZOT A ROl IR S T ACE B
JEE; RS ASE BT A F2E 315 N 3k, B BN S
SHREZRMR, BARERN B EMHMBENEE S, fAEL
B2 ST IR RLER A8 S R AT O , 2 I B R L #2
YRAT AV N HLAS AGRERLAT 0 RO Pl 2, (T RES RR R TT 6
RERSA S SE BUICRERAT , 38 5 T BILA8 A R B R 45 P A X
IEHGERL . TP E R BTRA SO B A Y R,
HEgBN AT LRI RN PR ARSE, FHATIHES
P IR S REAS BAT SE I EERERE T o



2288 it AR A %33 %
é}%;‘cm . [11] MUCIENTES M, ALCALA-FDEZ J, ALCALA R, et al. A case
[11 E&EXL TR BB/ ASMBE AR S RBE[I]. PLEs A, study for learning behaviors in mobile robotics by evolutionary fuzzy

2003, 25(5): 470 -474. system [ J]. Expert Systems with Application, 2010, 37(2): 1471

[2] FLOREANO D, MONDADA F. Evolutionary neuro-controller for

—1493.

autonomous mobile robots [ J]. Neural Networks, 1998, 11(7/8): [12] DESOUKY S F, SCHWARTZ H M. Self-learning fuzzy logic con-
1461 —1478. trollers for pursuit-evasion differential games [ J]. Robotics and Au-
[3] YEN J, PFLUGER N. A fuzzy logic based extension to Payton and tonomous Systems, 2011, 59(1): 22 -33.
Rosenblatt” s command fusion method for mobile robot navigation [13] KNUDSON M, TUMER K. Adaptive navigation for autonomous ro-
[J]. IEEE Transactions on Systems, Man and Cybemetics, 1995, bots [J]. Robotics and Autonomous Systems, 2011, 59(6):410 —
25(6): 971 -978. 420.
[4] KERMICHE S, SAIDI M L, ABBASSI H A. Gradient descent ad- [14] TOURETZKY D S, SAKSIDA L M. Operant conditioning in Skin-
justing Takagi-Sugeno controller for a navigation of robot manipulator nerbots [J]. Adaptive Behavior, 1997, 5(3/4): 219 —247.
[J]. Journal of Engineering and Applied Science, 2006, 1(1): 24 [15] GUTNISKY D A, ZANUTTO B S. Leaming obstacle avoidance
—29, with an operant behavior model [ J]. Artificial Life, 2004, 10(1):
[5] JOO ER M, CHANG D. Obstacle avoidance of a mobile robot using 65 -81.
hybrid learning approach [ J]. IEEE Transactions on Industrial Elec- [16] SAKSIDA L M, RAYMOND S M, TOURETZKY D S. Shaping ro-
tronics, 2005, 52(3): 898 -905. bot behavior using principles from instrumental conditioning [ J].
[6] JOO ER M, ZHOU Y. Automatic generation of fuzzy inference sys- Robotics and Autonomous Systems, 1998, 22(3/4): 231 —249.
tems via unsupervised learning [ J]. Neural Networks, 2008, 21 [17] GAUDIANO P, CHANG C. Adaptive obstacle avoidance with a neu-
(10): 1556 —1566. ral network for operant ¢oryitioning: Experiments with real robots
[7] BOUBERTAKH H, TADJINE M, GLORENNEC P-Y. A new mo- [C]// CIRA 97: Proecedings of 1997 IEEE International Symposi-
bile robot navigation method using fuzzy logic and a modified Q- um on Computational/Intelligence in Robotics and Automation. Pis-
learning algorithm [ J]. Journal of Intelligent & Fuzzy Systems, cataway: 1EDE,M997:13 -18.
2010, 21(1/2): 113 -119. [ IBIANITOH K MIWA H, MATSUMOTO M, et al. Behavior model of
[8] SUTTON RS, BARTO A G. Reinforcement learning [ M]. London: hunianeidirobots based on operant conditioning [ C]// Proceedings
MIT Press, 1998: 1 —12. df theé 5th TEEE-RAS International Conference on Humanoid Ro-
[9] SUSF, Hsieh S H. Embedding fuzzy mechanisms and knowledgeit bots. Piscataway: IEEE, 2005: 220 -225.
box-type reinforcement learning controllers [ J]. IEEE Transactignsién (191 ZegaR, Bibet. OCPA i B E% 5 RE RAYIS NESTE
Systems, Man and Cybernetics: Part B, 2002, 32(5): 645 3§53° Ayl BRI BERRE S AT RE, 2011, 24(1): 138
[10] ZEYBEK Z. Role of adaptive heuristic criticism in ¢ascade tempéu: - 146.
ature control of an industrial tubular furnace [ J]. Applied/Thermnral [20] BkEB, sk, tR0oan. difbimibs 3 ROHAEDLAS A B2 i
Engineering, 2006, 26(2/3): 152 —160. UL FELT] . #2355, 2009, 24(4) : 532 - 536.
(E8% 2279 )
N [6] DAILL, LIU B, XIA Y N, et al. Measuring semantic similarity
4 ééj: ‘L% between words using HowNet [ C]// ICCSIT'08: 2008 International
AR AE T e R R BT S M S T AT T L 8 W Conference on Computer Science and Information Technology.
Washington, DC: IEEE Computer Society, 2008: 601 —605.
T RS SRR A E BT R, I 456 W E - -
AU 2 DL BB Rt A T SO, g L) AU BB SR ORI R AR ARG b
ot AN RIS B 18 9 AT 7 AR LT, 2010. 246531 -3, o
NN e [8]  E/VHK, F L. Bk it T30 R B AR U SRR D] . HH AL
4 B KLV S 0 S, A AT 00 e
PR R KR AR CRN R ) 3 )L B iR R R, AT "

. N . [91 MK, IR FIPARERRESCl//, 2ES LEITEIES
UL SO T B & B S 2 R AL i 3 . Jb 50 Y K2 AL 2003: 371 —
SEH: .y
[1] Z.HUZY, DONG S ], YUCLj ei al. A text hybrid clustering algo- [10] 2ol (8365 % B JoAL Bk [ M]. 8 B o B o 2% th At

rithm based on HowNet semantics [ C]// ICAMCS 2011: 2011 In- 2009: 86 —95.
ternational Conference on Advanced Materials and Computer Sci-
ence. Zurich: Trans Tech Publications Lid, 2011: 474 —276. (1] =5k EP)‘C).CZK%;&%*}L 2003 [DB/OL]. [2013 01 ~29]. ht-
(2] BEA, Hifs. EFE B SGEE AL )], 2, tp: //www. nlpir. org/ download/ tc-corpus-answer. rar.
2006, 25(1): 43 48, [12] A, S0, AR, 2. 3T 38 S A ML
(3] XURE, 45, 36 TCHIRT) B9 038 SRR HAELC) /7 4 = L) sH5 8L LR 5831, 2006, 27(2): 241 -244.
BRSO 3R, fdb: [ MR RTE] 2002:50 (131 HANJ'W, KAMBER M. Brlitf2dil: 5 5 50RIMI. #9132
-176. JE- AL BLBE Tk H AL, 2007: 263 —266.
[4] #EW, HIEHR. HMEA[EB/OL]. [2013 - 01 —29]. http: // [14] LARSEN B, AONE C. Fast and effective text mining using linear-

www. keenage. com/.
[5] 2, 25 v SCRETE SURBLEE T ——JE T M) 2000( I] .
Fr 3 B ], 2007, 21(3) : 99 - 105.

time document clustering [ C]// Proceedings of the Fifth ACM
SIGKDD International Conference on Knowledge Discovery and Data
Mining. New York: ACM, 1999: 16 -22.



