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Neuropsychological model for intelligent robot

LIU Hai-bo, GU Guo-chang, SHEN Jing, FU Yan
(College of Computer Science and Technology, Harbin Engineering University, Harbin Heilongjiang 150001, China)

Abstract: In order to depict an intelligent robot in three different levels: architecture, functions, and behaviors, a
neuropsychological model for intelligent robot is presented in this paper. A neurophysiological architecture is first
proposed based on the theories of principal function units of brain. The thinking system of a robot is then partitioned into
three function units: perception unit, reflex unit, and deliberate unit. Each unit is composed of three cortices. A robot
mental logic (RML) system, extended from BDI logic, is employed for explaining the cognitive psychological
mechanism of robot. Based on the proposed model, the acting process of intelligent behaviors is also given. The
reliability and completeness of RML. is proved theoretically. Finally, the feasibility and validity are demonstrated by
comparison simulation experiments with autonomous underwater vehicle formation cruising through an unknown water
mine area.
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1 5] & (Introduction)

AR, B REALES K R A5 M BT FE LR 2

AEU L HPBAREE LY R =R R
LB AEHY . SRR T HE R RE
B b R B e, SRR T SN B
SR PR R BT B 7 35 1, LR SERLI 48 R 4L
2B EE T ZREMATI N Y B 4
S 88 A\ 55 # R FI 8 BB 1k ( Agent) XF 128 A BEHE,
QAR T R RBIREY FIGHE S Stk Bt
— R RAFHE BRI, BB TE R B REALES A
RIS BE AT R A5 B R 2 R, TR T
TR RIS AR RGBT — . AR
eS8 AR RS BF ST £ o & T YA R R R

WCR H 9 2005 - 03 - 23; B R H B 2005 -07 -27.

ARGAIE A Rz R SRS 405 #l

- % Agent, & J7 LA MAS ( multi-agent system ) #5i %)

P ANAMEN R T MAS Hip i B e 40 28 91
A8 A PR 4% 22 ) A8 D] ) I o e el ) R 5 55 — BB 4
TAER# Agent B ig i I FHLEE ABE(—1
Agent Xt i — N HLEF AN BAR T AR — M HL48 A BB
1) FnLHLae AU EEN A, I & 8 R R AL — 1B %
A3 ——MARS ( multi-agent robot system) , FBr
AR EH DR MRA ACTRESS, CEBOT,
GOFER, SWARM , ARCHON , RoboCup %:4515¢) 35
YEREAYLAS AT oT B E T LS A4S vERYSE

HEWH, EERMTITRIEITE ; MK TR A5 AL B 9T 34 % B0 H (HEUFT05068 , HEUFT05021 ).
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PLELRER R BBAT O B R B, B 0N 0 B A #D AR o
S IHRELESASHN L R TAEHZR T L
B8 AN G ARG AR L BN A RFT R I /Y
BEEAT R STIE, SIS A G5 2B 51T
N2z AR LT, B = — R BB Y X AT R S
k.

ARG LSIAFTN Tdyouas MK 3 N2
AHEEES X" AT HE RN EENSA
P2z 0 BEARRY  FE7E Rao F1 Georgeff {) BDI( belief-
desire-intention ) ;B4 * Rtz FE B H LA ALE
B3 (RML; Robot Mental Logic) , Fi F 27~ AL #
PLEE RO BN, XN BBV AR 2L
BEEH GARLLBRML I A BB AT i 72 3 ANEERT
BARRHATHOT
2 KSRy E AV BEBES X I8 P ( Theories of

principal function units of brain)

P20 P2 ST AN X440 BETE B B ) BB B ok B
FEIAL B BT AR RS WA LEER

Tyons VRIS T ARG KHIE, fiky

DENERNERNNERLE, B 3 M EARKE
X, B— T ARG XBEEIEZROEH, 2
ARHBLESR 3 HREN LR RHAR: —R K
B (UAREATX) , MM A R B oh 3k 2o B el
Wigl X HE I AME R R X (AR ~ B
21X W ETA BE B AT N T Sk v A A DL Y
FiZREER (XKRERRK)  FRTFERERKE
BRI 3, DAVETE B GBS s i R B 40T . 5
—HEAYLBER S X 5 1 “ B A" AR X
MR, 2B B B A AR B O % E K, i
TR ISR ERRE, EREKEREMALEL
VAR TR, Rl 32 SRR S
AHLREB S KR AT 2 g, I 2L 1

MR LY, RARE AT X—BERXL

— R R X R, I R R K AT E B LT
MRt 4 2R R KT E R MR AR, ©
11748 RO 2 S5 41328 OB Dy RE T 24 v 0 4 0 JEE
TEUCHL AR 5 B AL BRER & X 3R IR 5 55 K
B X —RERR I 53 2 4 TR, H A 22 o 3h 1533 5 1
SH_BREEMR. MK Z R R KR &
ZHRIXEE BT W T, B AR A O AT R 3
MERTF, AT E R, XA FEMR R,
CHERRER ZREERARREL, BT
RFITHRRSHETHHAKBHEE, AEHH
TR BB — R B I X A R BT I3 3 X, 6 S0 8

KA ERAT N R LR E R ESMNE.

Jypus K FRESHE—FHERX B RK
MR 3 MEAVAER S X s E TR E A,
B HLEERE A X ARX A~ L B R A L L B
B TTRR.

3 wMesrsg
architecture )

AR BEVLER A 43 A Ak (BP Y AR SR ) 0
B CRPALRIE ) AT R % LS AR B 1R
ARG PITHH BE REWEEE TTyona B
B3 NEANERS X B B ADERK
A R ST X FAEE R WA, B X H =R
AR (LA ).
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#¥J ( Neurophysiological
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Fig. 1 Neurophysiological architecture for

intelligent robots
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(7 sf DG TR A 2 7 0 00 2 0 4 12 2 S5 MU 42, AR 458
UL FO45 R 2L BRI AT A 3 B BR Bh 5l A8 45 HE ML 2
ARBATS, B i AR R S T AR
sk > 2R A BP M4 SEHIA Q - 2 ) Xl
a5 NBAT R B4, PR &5 R 48 S S fh 2 S0
8RB ORI B A O I sh AR
HAXAEDSE PR AER N =R BN
B EHBBR TP R TH BN BDI SR @
(E2), BULBALIECLE) HBa PR, MiEE.
BHE(EBER) 880 EE AW RIEFN 25
MRNEOCEHEFE R (R OEHE, 8 8RBT
HEBAWRSHFEE, BEASHBAELBis, 6
HEETVSIATTIITH SNE, BB E VLS AR BT
FEARH AR SE UMERE R, RIERIKEG S B
FIRE ) B R ARG AR U = 2k R, AR MU AL AR A
UL R IE K, MR R IKE R R L =4
PEFF , % 51 B Xt BE ) A AR L) 6 58 B Fn gk g,
DIABE R L A 08 R e ML A0 E 3
FE BRI Eh, A R4l fy AR, 7 AR
HEHOEHRE HESERTNEEE, KT
B ERHR H ShE D, B4R th #E 2 R AP AT LM
BEBREFENEIERERFRER-
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Fig.2 Mental model for intelligent robots

4 A T8 H ( Cognitive psychological
mechanism )

PLES AR G817 0 e OB RS, LB R
AR A fT4T B $RAE T —Fh g R, A 0.0 AL
FloeE B AR CEES. LEE L, CERTSEE
ABSER A5 BB B R B R R
FAS SRBE S O IRRE. 10 B4F01, ATELITF 8B 5T
{545 (belief) . JE 8 ( desire) . 7 /& (intention ) i 3% R
AR LR, 8317 BDI AL T HOGRHLE A
HIABLOEE ML, A SCxE BDI B 48T R, i X
—Fh AR BEL(f54%) .GOAL( H#7) \CAP(fE

7)) INT(EE) S5 L(E—®K) . N(F—K).P(¥
£) F(#2) H(BH) G(EL) (—MEsn A
BAEBAGZ—ALIA LT EHE RML.

4.1 RML iE# (Syntax of RML)

EX 1 RMLIEE (RicHR Ly) B KT
(e, €2y €3, ) MRBI (%, 5y ,55,00) IB IS
(P, Py, Py,-+) JER¥EW (, V), LEESR
(BEL, GOAL, CAP, INT) . Bt #8514 (L, N,
P, F, H, G) . &iH(Y, 3) MEFESHRE.

EXN 2 LAl LaF .

1) HARFARE Ly AR

) FoMy L AKX, Mo, (o V),
Vap, 2o M X (@) #E Ly A, HP X e 1
oy i AT — B3], AR BN 2 BHE S T LA B

3) ARKRN AR F(2) R AE S 55
B2 Ly WA

EX 3 MEFRETTENFWEKEESA .

DeAg = (e Vy);

De—d = Vi
4.2 RML iF ¥ ( Semantics of RML)

RML HiE BB ST M = (S, T, D, V,
B, G, C, ) M, HP S IRELE ;T C S° BINE
BHEZ BPREE SHBHMES, THPHE—TE o
FRAPIRA P, F Sk S otk 25 Bl (a] A 2246 1§ 0L ; D
ATV E @ x T xZ AN EF AR EERE,
O HEFARE;BCTXZ xTHESHIEXE;
CCTXZxTHHWHTIEXE;CCTXxZxTH
BEHBIERERIC T Z x T HEBRMTIEAXE.
RML i R X R R E XN TF o e T,
i €Z ,P(x) %, ,x,) € ®REFANX, 0,0 H L
9N ]

1) M,o,i,V |" Pk(xl,xz,"',xn) BHMNY
(Pk(xl,xz’”',xu),a',i) eV;

2) M,o,i,V P o BHMNY M,0 ,i,V ko R
A

3) M,o,i,V ko Vy BHNEM,0,i,V ok
M,o,i,V I-(/J,

4) M,o,i,V Fe Ay ¥AUEM,0,i,V FeH
M,o,i,V I"(/I,

5) M,o,i,V Re—y HHNYM,0,i,V 7o
B M,0,i,V Fy;

6) M,o,i,V FBEL(p) HEEX{EIM o’ e
T,%(o,i,0') e B,WIM,o",i,V Fo;

7) M,o,i,V | GOAL(p) 4 H X 34 X447
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5 m M 523 %

o el Z(a,i,d) e G, M,a",i,V Fo;

8) M,a,i,V'FCAP(p) MEMYM{EM o' €
T,Z(a,i,0') e C,NIM,o" i,V Foe;

9) M,o,i,V FINT(p) ¥HEMCLXET o’ €
T, Z(a,i,0') e LWM, o' ,i,VFo;

10) M,o,i,V FL(p) BHALYi =0 M,0,
i-1,V e

11) M,a,i,V FN(p) YHXY M,0,i +1,
V Fe;

12) M,o,i,V FP(p) BAMNYFE € Z,
i <i,M,a,i',V Fo;

13) M,o,i,V FF(p) EHAUYFR € Z,
i =i ,M,o,i',V Foe;

14) M,q,i,V FH(p) ZHCYXHER € Z,
i <i,M,o,i',V Fo;

15) M,a,i,V FG(@) B HAVEXHMEM ' € Z,
' =i Mo 0V I"gp;

16) M,o,i,V I Yap MHUYSXEf d e D,
M,o,i,V ‘=¢;

17) M,g,i,V = Jxp MHVYFHFHAHELd e DM,
.0,V v i=¢
4.3 RML AEF#MM ( Axioms and deductive rules

of RML)

PLAS A LA AR LI 7= A 35 1, B0 2R AR s H )
A RML 7 28 138 26 50 U # B, DL 8% A AL S A T
i 2 4 RML g BN A KA. RML 2238
MBI R EY 7 32 £ AMMR, X 32 &
ANEHE TES B BEARE I ZH ALY
WEFR P RRULBIFEAEXR, R THEE, X
SN AR ——F . EEFN S R A&

Rl Hofle—yWy;

R2 #Holll Vap.
4.4 RML A4 (Soundness of RML)

5/31 AN RMLABE WEBEAK o MK
M, H

D FHeeA WM Fo;

2) BHEM Fo M Fo oy My,

3) HM ko, N Vxe.

EBH M B

FE 1 (RML ATEHEHE) & Fe,IM ko

iE  # bo, W#HF4A RML FHEHFEF o, ,
@250, MR @, = o HUAM TIEHKE n:

Dn=1,0¢ecAH5HEI(1) HM Fop;

) Wn<k(k>1)MNEM I-gp,ﬁlUXd'n =kt

DeecAHBHEI()AM Fo;

@ o Rl Mo EHRIELN, ¢ = 0.0,
Hij< k,EHUEI?N%’(ﬁﬁM I"‘PiiﬁﬂM I"(p,-—"’(P,EE
FIE12) HEM Fo;

® oK Vo, e, BFARZHEL A ,m <k,
HIIMBIZAEM bo, H5IH1-3) M F Ve, , Rl
M o

Bi1) #2) AT, Fe, WM ko
4.5 RML &M (Completeness of RML)

EX 4 E,BRBHEXWT;

1) FHaxEAR e A B LI, WHFAK T2
2—1 0B E, B ;

2) Ho— M Ey B g B— Ly &K,
W X(y) =X ANp) B—Tn+1MME, ER,H
B X RRE X1 ey R B A

EXS E,ANBHEXINT:

1) & Ixe(x) B Ey B 2 T o HAE
W, x BUR ¢ v, B BB HITRIRAR
Ho(x) B Fx,0(x,) — o(x) B—FTHXF 2
5] E, /Ai‘—t,#%lﬁh Ey /L\\ﬁ:ﬁ‘ﬁ Ey JEA dx.p4

2) Ho—THXNTxWE, AN, JFHEA
E JERX ' l— L, A3, Bx, ¢ PARBL, N
X)) = X(p A yg) B— M T x, B Ey 2R,
HFX—ANEBA E, B X(¢) = X(' A ).

EX 6 FHE, AKX o HA nki Ey X, MR
(P%““‘/I\'" mEM /A\f\\‘

EX T TIRRMLAR—AARE, A
MEy R BFEEELANREZERIWE, AKX
BT r MHARE T BA E, HEE.

EXS8 B ZRMLA-ARK, {e,0,,
o. ! BIE-FHHLAKXE, T BRIE—HHFAXE,

1) ¢ & RML-MAH, M HTY b o

2) 1@, 0, F& RML-MIAHY, 24 H ALY
¢ Ny Ao N g, 3 RML-AHZR

3) TRRMLAASM, SHN S THEZRES F
R RML-AH% 1.

EX9 RTZRMLAE—ARE, R TERML-
WARAAE, YHAY TR RMIAEEY, I H3HEE
AR e AT U {o} & RML-AEAM, Mo e I

512 X ERML-MAMIESARE, ¢ £—
AHXT T x; B Ey 230, Hox 8 3 BRI AR FHA
WAL S U el & RML-HIZHY.

S5IE3 # o & RML-fiZEH, WFEEREA E,

RS
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YA RMLARKHIRE T, #8 o e I

514 FHeRRMLHMERAR,TRERFE,
PEBUH) RML-R K AR 4, IETERER M = (S,T,
D,V,B,G,C.I) , LG —MREFF o e T FIBT 2
ielZ, o el BHMNY V(p,o,i) = 1.

S 2 ~ 5|3 4 BIEHTES I SCRk(10], BT
RS , A% ST .

I 2 (RMLEEMER) M ko, M Fo.

E AIRFE BIEM ke fE o, o R
RML-H%H, H5 1 4, BRI M = (S,T,D,V,
B,G,C.I) WHREFH o e TRIZ i e 2 ,{F15
V(= @,0,i) = 1,1 V(g,o,i) =08l M| +# o,
SRIKPM o FEERE,EM o, Fo.

TEEE.
5 EBEITHITFE (Acting process of intelligent

behaviors )

PLES AN BT 0 T B O B IS sh R 3, Hod /R
nF .

1) BIaFEMIRE;

2) BRAS BV EE(HR) ;

3) HEWERE K1), B, &8 M KLH
B B A AR, A

|

AUV#4

| AUV#2
AUVH]
[Ruyis JEREEE

| AUV#0

‘‘‘‘‘‘

N, v 7Y \: :I \\ ,a’l
g et o
\‘\ ‘\.,____ ,-‘,: ’r' /:'
. ~ ‘\ w2
.'»‘ ] Y
}ﬁ{w AUV#H0
i B

! -
Bt
P

4) SEEEND B3, BN, R KL
R HEATAT R, A BEIE R 9], $E ML AR A TH
WK

5) FTRVHE FERE ] ERTARERR I FORE S 2 ;

6) MERER N ERNER,H#4).

6 {AE 3IE (Simulation experiments )

7E CADCON"" -5 R AN BIXE SCHL T M4 38
BERI(LUF AR S4BN" ) AR STHLIZ AR (LA T AR
“2 SHB\”) T B 15K THLEE A (AUV) ik
HEXAT T ERRAT . S8, %A 5 ]
) AUV 8 33 4R HE 51 2 0, 2 BA A 8 BT 7 K
500 m x 3% 100 m x 3 100 m [ 7K 35 o BE AL A 1% 5
THITE, S HBE M HERNT AUV %A & 1
KA, B AUV B FE B R IE 8T 5 IF /1 90T 42
150 mpd s fk = [m], 65 B LI 72 0 90 m. AUV %
BARYAE 55 R LUR AT B/ XA (fab 55 18 56 L RERY 36
AE) ZME X 43BN 1 5H0 2 S4B LR MR E
FRUE P THE [EME 55 0170 B, W 4H 2 BA S8 RE 460 21 5
MR X gt e B R, T A o TR 5
T ZAFHE X, (H 1 S 4 B\ 5 F 5 (1F
3),FERT FFERE T B HL 2 5 4 BA §5 24 43. 6% F0 8.
6%.

l
AUV#0

| | AUV#2
AUVHI
[AUV#3 | AUV#4

-------

-
o, i1 . 1
L A ]
\\ L ¥4 'l
R (N -5
st \;’ e
r AUV#0 (

AUVHL o | l
AUV#2 AUV#I AUV#2
| AUV#3 | AUV#4 AUV#3 AUVH#4
(a) 1 B4BA (b) 2 S4pA
&3 A A

Fig. 3 Tracks planform

MRV AEE , RS LEERIE S
FHER LA AR G54, 7T LA Bt 220 1 ML A
G5 HEERIATOR 3 MR E M L. MIRERE,
LI T ORI 15 4 A RE A A 2 A A 1)
M TR BEALH B 297R T R B B4 89
BREAT o, T 28 e {1 2 1 IX AT

7 458 (Conclusion)
ARG T IEEAHLRRR & X s bl AL
g RML 2 T H BENLES A& Oy B
AXBEH Jyoua G5, AXEBESEHEEN
ot . RML B/ Rao Fl Georgeff 1) BDI i#45
WM, O HEAHE T RML MIBER & XA
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BB

EAMBEEEAN, FH4 T RML AT &m0
iEBH, RML KR F K 2HF0 N AN, B A FE—
fi BDI 258 {38 48 42 0 50 RE A0 B1 4 A 1) B, sk @t
PRURA PRIV AR LB A A B

Fo 2 O BEMLRY T AR AL AS A M B2 A B BA
LHEERE BIT N B — AR, AEAN
BT S BRERAE T — R RIS, 338 ] 43R B T
HLER ARIHBY B, iE ) R R BRAE SR A S BB BL.
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