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Abstract: Simulation of humanoid adaptive behaviors is a prerequisite of ergonomic evaluation. To overcome the
shortages of existing technologies, an autonomic optimization model of virtual human’s working behaviors is
presented based on multi-agent cooperative games. In this model, the humanoid adaptive behaviors in working
environment is defined as multi-objective optimization problem, and the definitions of mannequin workspace and
behavior elements are proposed for discretization of human behaviors. A simulation algorithm based on fuzzy
multi-objective games theory is presented to solve this model. With fuzzy multi-objective Nash negotiation theory, a
grads-up method is adopted to search the Pareto optimizing solutions of human’s working posture. Case studies
show that the human’s comfortable working posture can be derived by the new strategy even in cases with only
insufficient data and better adaptability of the method in engineering domain can be reached.
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ANEFAE FAT I RAT AR AN A 2
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Fig.5 Basic elements of human adaptive behavior
K5 A4k HIENAT HIIEATTR

EX 1EFaE@tom)). J5 T BIE =24 BN K B RAT A 1K) 5/ By, R 7s ARIZ 5) RGN AL A2 5) 1)
e, I ARG 5 o B 1m) E AR T e R A B A AR SO ST B AR RR A N AR B 32 By, 43 S TE T i
T BRI ) JR T SRR, 2 R R

Do(Action,Param) #iI Do(Action,Target),
Horh,Do(-) 2 S T B A AT 86 i Action 2 X T S AR R A, BG i BB OGN I 1) A2 B B H bR 5] S 1 BB ) 32 B)
& Param iy IE IS B BAL, 2 AR E I — AN 3y 4 0 A O IE 138 3l B A 2 3°, TR IR AT B 4
Do()EX T 7)) 3° Target & 5118 ) Jo 7B /E 1) Hbx, & LT HARIIAL B LS

JRFENER— N & AN IBE) 73 L RS FEA ) g /E 4 arm_agent,leg_agent,body_agent 1 headneck_agent 251))
At Agent [ ZE 30 ARAE it T4 B INAR AR rp DUBE T BE Agent 7EAT b v S IR 6 8. J5L 1 S AE AN 2 WA 1R H 1)
BRI, FR R A AR ASIZ B L e 1R ) B4 i

FE X 2(F177(sub behavior)). AT HIRFRAYE AT L HALIZ 5, /2 B AT e AGE SUE B AT A 703, W4
T TAT N EREEAR H WBUE L TAT b B T IR T E A, e T IR T s E AT 75 2 7AT T LR = A
TR B T 2R 7R A0

If (Asked(comfort aimntask aim)|limit factors)

Then Executed(atoml,atom2,...|:by rules)

FUW B 26 PE R B8 1 AT 3R S 8L B AT D i H AR L, 2 comfort aim S 14T A AT 5 WIERE
B[R F7 I8 B H br task aim A&AEAT55 H AR, limit factors /& PR 5525 94 1 Executed () by 47 A PAAT B 4L, 2 5
atoml,atom2,... AR5 AT 1045 T J5 7 048 by rules AR/ E R AT 7 X 20 . b as
TAT AU R R
Q)  TAT IR T EhE R LUK A AR g Agent, i arm_agent,leg_agent 25, [A I, S [/ (1 74T 4 5E X
T Tyfie Agent IR A (K45 45 G 2R, BIAT Ay e

(2)  TAT X FRSE A P R R, 2 5 RR VP A B 1 (%) < i B H AR X e X PR VR AL AN
B, TR A AR IR AR S e, T SR G FL RS X (8T 38

() MR AN ER AR, — O T AT LRI R, AT N B — AT B AR 1 — IR B AR
AT RLR R by 2 (9 T 2, e v il A2 24 S (R0) 26 A1 147 DA gt e 214 i P e It S B FE A R0 K

EX 3(1T AR (behavior pattern)). 47 4B Rl 73 547 b 28501 A8 ST A 2 FUAR 5K 10 147 4 1A 21
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i) — V8 SCYEWE Py A1 A7 i 5 BRI SEILAT A 07 ZTI0 A Bl Ak AR SO R A& AT A48 i 3 ANBY B R B I8 i
(roaming)#i= . FMEL H 5 (grasping) B 2 AR S04 (optimizing) BT AT WL (& 747 ) L L 5 R ARAE N
SR8 IR A M R i3 human_agent 15 S i 1Y

o R8I (roaming) 4 2 A A b H FR S5 R AN 2 H 3 3 AV 2 T A A A A B AR A Mt S R A ), )
PN T8 3 AE IR 8 v v i ok B4R L F AR AT . ZE Roaming B b FRATTSEBL T 26 T S 40 B & T 40 A i
B R R v,

o P H b5 (grasping) B 247 ME AN 55 4k H b5 1] B A7 B 420, M P0AT Grasping #5220 & SIS ) (1 b
BREITF IR AR RS H RN SR AR RE A /E Grasping A0, A4 7 —Fh ek (1
Mamdani 5530 A U LR S/ (9 5 448 50 0 AR B3 Al b, LS BT 44 F A 9T

o IR (optimizing) 852 3 AR M AE Grasping #5820 2 s THAMER 2I4E Mk H A5, AH R TAER A @ 5
AN S R A, TR 1 75 S ol o 5 T Ak 3 A AT N AR A o 2 285 6 3 A, DA 8 A 7 38 5 ¥ R A IR 4 1
T iR EF R 3 R AR AT S 4.3 R T AT £ Agent A ZRA A T 1
REMATTIL, LR N TARRZE 1 Pareto ffi .

AT AR B AR TR AL G R W] 6 o I v AT B Ta) ) e 4 1 L 4 & T={AB,C,D E,F,G}%&
7 H AR SO

o AN H AR AEAE RS,

o B AL RN H AR AL BT,

o CHREEH B, NS BAxIA] H LR G4,

o DiFHRIEN H AR ARG AR LS R

o EXEEMMNITRED, F 516k Hbw i

o FFAMEEN H AR, 30 2 LA A4 A

o G H bx, (0 B A 2 LA AL,

B D

Fig.6 Translation of behavior pattern
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R s S T e i s B 98 K A AR 1) T Roaming I Grasping A5 ) U i © A SCHR A4, A SOR
B, P ALK Optimizing A% I TARRAS A S IL N LA PR AT K.
43 AFI{EREMULESE
43.1 % Agent ik HIHLH]

T2 Agent & 1EIHIEHEZL (B 3), 3 H T —1 2 Agent RHIHLHL M E T 2 Agent L 72 75 ZLBAE (1)

g - VIE: %SV

TEX AR FIIY B 5 & (bargaining topic set)). #73E AMCRE S x e x(1=1,2,...,m) [F 738 & VP4l &5 ]
(%) < BIVED 3G B AR 32 UPRAS xq BE AR A — AN UUE B A i AR AR & R 0T et LB
G RRAE R A BB AE B {Xiopic-




I HRE S —F R A W AT A0 B ERAAER 2367

itz m AR IE BB A {Xopic 1T 43 5l 1 arm_agent,leg_agent,body_agent FI headneck_agent %1%
355555 DL N A AR 2T 44 1 2R P % human_agent.

TE M 5(HL SRR M (priority principle)). (1) 24 Al 5 2 B A SCE PO A ol e Ak B, L AT 3 FEE 10 B3 vl
DA LA A7 4 JFC At 30 R sl R B U 1) R 23 AR (2) TH BN BB AR A 45 TR0 3 14T D S& (0 181 5 i), B 4T
N AR 56 HRAT B Al N AR SR BT 38 B @ 0 fi(X) Fel 35 45 e DR 1) SRE M BB 5 48 5 4K (3) A e A SR MG AT 2RI
75 T 2 R VAT TR SR A AR YRS T T RE IR SR (4) WU x; 1R EE S e LA N BB e aXi=1,2,...,m) K
N KA E.

% Agent AWK ZE S 5 2 2 [0 0] LU 36 0, 98 J4) 60,468 56 40 R0 Z W I AS J5 T 58 S5 A2 %o 36 406 U 1)
IR, 7% B8 R B K BUBLR S8 15 2R 2 AN /N (0 10 ) 5 A R 2 B AR T, — TR A K S Th A B
1 38 e 1) ) B 0 AN R O 4 22, B 22 0 R 0 P KR B0 [ /A O S 120 o ik, AR S 2 Hi 2 A
ArAE TSR Nash i R R 2 88 1F 52 1 — bl 5 X000 17 ik 100 3 e A R 200 ik G

SHIAA@ENT Z Agent AR FT A R ABUE ({Xi =10, m) EBIA N AN BELE A IR 26 i 2, B 1 1) e
2, (1L) & SO AT FE b A R B2 R ) F k.

=,y 1] [0, (11)

Jorh, R RPIBUE x; (0 TR R — PP B R R ABUE x A A R E R (%) > 4 HAZR
— B S 2 Agent A I AN REAN A TRl T

EX 6(1THA IE M Z= 8] (bargaining space)). CANITES Agent WKW, &R AR LR, &= 4 2 RAN
2R WX [, 1] € R™ S 2 Agent 1o A& 1 7 /]

TR A S R A 2 224 i % 0 UUEAR B K /N 21 R 40 BA 51 2 5 1 g 0 i BB 2 MK 31 /I 1 I
P M R R R JE T8 S5 21 T (1 TSR XU BT Xt = x PO ) o A R O S AL 1 M) > iy JE A
A i) T A, T30 AR X R A A L YD T K R Ak xS B I R AR O B xR BT g O™ > A
xPHTeMt LA HE AR TR ) E b g R AR R AR e 5 0 Xy G A% PR AR R ) R A 1 H AR x R AR A
Mo ) xp B AR A AR AR BAED R Ee N I ARV 1, (%) < 22, -

W IEAN e IS T AT N SE B, BN B AT — P R R AT T — e FAT b E X T IR S
H I — REAAT B AE— A FAT R WA 1 P 38 A OB xS (¥ Agent B3R B xRS S L AT IE A
32055, M I Ad agent WA 5 24 A Lh 25 50 0, 75 45 BR 25 ) b AT B8 A7 8 A3 96 1 (leg_agent) 7 3 J3
73 2 3t [R5 B LA IBE OG5 (body_agent) &7 38 5 B9 ARAN 5 FAT N B BT A TR 1 s AR # AT BL T, 7147 0 A R
A7, BRI 4R 2 5 5 AT T — R & VR AR FAT AT J5 25 I BL N5 00, WO o 4R 2 5 3% 2 ik —
REAE IR

E X T(E1ER K AEN (cooperation failure rule)). (1) FEFLAAR LS JE F B SUVABE & AL T;(2) FEFULN A
TR A B RV IVE () RN TE VR LR RS A Mk H bt (target_agent) (R 42,(4) a0 OB x5 £ 38 JE
PEAG 0, (™) TR v 3 B0 L U0 S T IR WO X, P09 3 JBE PP AN 2o () 19 B T HLBE 2R 4 (X)) <y DU 2%
2538 Z AR — DO i AN T

FE X 8(ER##l(backspace mechanism)). £ARHE & X 7 5w B 74T R BAT R0, I RLEUHE % 74T AT
Je B NARAT IR, (9] 21 SRR S, B B L 1 747 sk 543K

(LB T — A RUZAT g B8 A7k 45 F > S 010, 002 405 W) L6 2% 00 o 0 B 25 4 23 el — AN B s R
R A7 AR TAERAS (R ) KIS 45 R ( a(X) ). &0 Z A7 6 AT AT AT 09 Ak TAER A K ILVP 4, 58
ARG AT 9 BAT IS (R S ER 5 FA7 0 AT BT, W) FH B8 37 2 1) AR A 5 A 4 R T B A L % 4
JZ W B 7 55 B2 RS, LS A T AR A IRE.
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432 F:TZ% Agent AL Bk
WIFET % Agent WA AR TAEIRES AT A 58 B 34 -
L NEE/SRVATI L ¥ o G (A= R IR (A7 8w (T
B AR TR Pareto S X° L o(X) = 1.
Step 1. VAl BT A AR IR A 1748 5
#2582 52 arm_agent,leg_agent,body_agent FI headneck_agent 73 I 38 AAADUMNE . SKT Sk&FI AR
W ETIE LA S B S BB RN 2(R) = [y, oo 1, 1T T ZEAREE human_agent TF5L AR B K 6T G
{@-opa(x) }.
Step 2. H5E AR AR ZS (103 B AR
HZES S ML Hbr Nash 35 1E, FIW AL R & R BFE R A S AV 4 R a(R) i 2 2 X(8)
B 7 11 Nash 1 4 A4, R TAEBRAS ) A N 0, AR B2 45 R 40 2R AT 33 human_agent AR =X (12) 4] i
A AR 38 B 5 e KA A AR BAA ST IE B Q(R) = @o fa(R) A5 N 3l
[Q(X)-Q(X") < ¢ (12)
VUJ R TR L v, xS AR PR AR 2 TT 6 45 A AR 10 R 38 37 (R S8 3 AE g B AT o AR B2 47 38 S PR AL TR
ViR 2.
Step 3. EEMEM RIS K.
# AR (@) MA R (12) M 4 A3 AW 2 W TR AR RE R e X .
Ry RS AN b SN
1o T4 AR TR X VPGS (%) < 17, UM DS T2E S5 15 5 3 L BUE X, [/ N fi & AT 49 37
RFFE 6(i=1,2,...,m), i RIFEE x; 1R ASE LA e 38 167 3 %
2. TEZEAMhE#E human_agent ¥ 24 /1 BTG 1945 2 5 % (arm_agent, leg_agent,body_agent Il headneck_agent)
2 HH 1% J T30 A ASL K /INHE P 2 4 BA A
3. human_agent 3548 S5 AU I (priority principle) A i 34 BA 27135 B 24 B 5080 x2S 5 B 8 b
1, B AAR S ARET G @ o () AR TAT 4
Step 4. PATiZ 74T 0 human_agent 4 74T 4 TP IR T SEAE N AR S5 20 L4 RATAH L Dh RE IV 145 5 5 3,
iR 2 5 % 2 WIS — IR A E. B R 2 i) Ja 5 A 58 Jl— IR AL IE ).
Step 5. fEFAT APATIE )G, W1 Step 1 —FEX B 19 A AR TAERRASHEAT VAL, FEAR I8 25T X0 1) = 4“0
I R 7 5 L5 4 5 CHE T (cooperation failure rule) Xt 04T 45 BT 404
Step 6. #5 AAE SR BCHAE I % ST, W) 74T S BIAT 2R W, AT BB AL (backspace mechanism); 75 I, 4T A $hAT 1k
Ih, s AT By
bR PP 2 AT, 24 30(8) 52 3 (12) 1 4 A3 2 24 1 BT A AR IR 208 2030 2 35 R ) 4%
BRI JEVE A BX AN A R, WIE B — N b AR A R I AR 45 T B

5 AEXRR

51 fTERWERTE

AWIEFE T H AR AU TAE 0 A B & AT Al R, 4 Bk A SR AT PR R AL TR PP At S A — o fif 2
A R0 LR BT AR S 25,45 Windows/VC6.0/0penGL ~F & BRI T AR 38 NAT b 15 B0 R R 48, 3l i 71 %
V- b S 17 S SR B i A S5 TR (A R AR IS IR [R) b ELA S R AT O BT AT H
B H R N ARAT 015 0 B R 56 IEAS S5 (KRR DAL 7 7 8] oK U8 W47 B S 6 F) B A . D P W A7
A 2D 9, DAL 2 58 3% Be v i H

AR L A B BB ORI S

7(@) 7 A5 BRI UR S S5 B v A R AU IR S5 r 2 SR A L A i A B, B N R LA $
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SE RE AU ST A7 B B J 1 11 M i (target_agent) FA) (07 B RIS 28 A1 Ml a2 M AU N T T3 2210 H A, 7T LAAE JE
PR B P B 2 A i R AR A IR e BT 28 A A Ml s RO FTUERC A 28 8 A8 P BRI L AT A4 47 DA 11 Ml s £ T A
(AT EiCH
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Fig.8 Simulation examples of human’s adaptive behaviors
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LB 8 FTE 9 B o (1417 LS5 3 g 451 LAV 40 3 3% S 49 4% 24 i 195 Wiz i, 1] 8(c) (U s Hh 25 40 %
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WAL, 5 2k B8 BT I &N B REFIEE . J8 T BT RN 4 - 1 1 7 35 43 S
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Fig.9 Tendency chart of human’s comfort evaluations
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BT it LA g O B 0 7 B AR SCER I T AN A REAUNAT D 0 LI B T 6 K 22 H A A 5%
(1 AR R ARG I B AR 5 3&E NAT b B A mh ke, Ik A A S DA M AT D 1R S Ak SR e R A 1) T SCaEAT T R
A MBS T AL 22511 Pareto S PR (ML AR I AEAS B BETFSEBL T — T2 Agent SR =
2 EAUNARAT U5 BB, DABRIRAIE 1 A ST VA AT Rk A SO i FAT BL R
(1) AHAT WU RGUAEIEAN . VPO B SRAT P R Al b S B 45 AN 5 (O0E s A 4 45
AR N B Hlf 8T 67 dh B vk B BB R T AL TR 47 F AN 20 A, AT B AR 177 il (K BOAR
AR FRIF A 39
(2) CREEZE BRI AR B IE AT A 8 O D FEA AT D 0 3 - AT O 1 2 H AR REZR AL K AT PR AT
N TCER AL IR I E A AT % 5 00k TR SR 22 AR A R AU A A v A RS AT O 0 B RAT B
U [ R PR AT AT S
() CREAAR BE N AT A B AHL TR VA A LSS & Al AR 0 R P AT o 3 AN A HL TR PP A
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ST FRERE AT N A I AN BRI S AL S5 8 AR T 25 R v — B R AT i AL K,
i Bk 20 58 ¥ R AU SRR S 3T B A 52 9 1) K TR A 3 37 5 () v SOREIRY, LR T R D06 3085 (0 A 505 B )
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