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Combat Crowd Behavior Modeling Based on Multilayered Decision-making

Abstract

Abstract: Training simulator is one important part of the virtual solider technology application, and the
combat crowd behavior research can improve training effect efficiently. The model divided the combat
decision-making into five layers: biomechanical, reactive, cognitive, and rational, and constructed combat
crowd behavior model; proposed the concept of interaction unit that can save and perform the interaction
between agents. The multilayered decision-making system used an oriented graph managed the behavior
planning and built the interaction management. The model divided the combat behavior into seven basic
behavior in order to simplify the combat goal. The model was used in an equipment training and testing
system. The result turns out that the model has high fidelity, cost little computer resource, can fit for the
training and testing system and improve the training effect.
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Combat Crowd Behavior Modeling Based on Multilayered Decision-making
Xue Qing, Xu Wenchao, Zheng Changwei, Zhang Guohui

(Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract: Training simulator is one important part of the virtual solider technology application, and the
combat crowd behavior research can improve training effect efficiently. The model divided the combat
decision-making into five layers: biomechanical, reactive, cognitive, and rational, and constructed
combat crowd behavior model; proposed the concept of interaction unit that can save and perform the
interaction between agents. The multilayered decision-making system used an oriented graph managed
the behavior planning and built the interaction management. The model divided the combat behavior into
seven basic behavior in order to simplify the combat goal. The model was used in an equipment training
and testing system. The result turns out that the model has high fidelity, cost little computer resource, can
fit for the training and testing system and improve the training effect.

Keywords: combat crowd; interaction unit; multilayered decision-making model; crowd behavior model; fidelity

B T, LA (7 LR BB 3 3
2o HT, KSR 7 B R T P 1

BEUZRR ST S NERARIRA AN e a7y, (R (0 H R
R, XHEEERRTDIORBEINGREN |y s e kit Aot T S R

LBUFELU’U] 2014-03-19 1%[_]/1[)] 2014_09_04; EI:E\T,’ ﬁlﬁﬁy y%fﬁi+ﬁ§ﬁk%ﬂﬂ%ﬁ?ﬁ$ﬁ@iﬁﬁf

it e FEHUSSL), %, ILFEAL B 1 Sy, . Bk, ERE TR, TR
S BFFUIT I R A A G R I R0 o ‘ . o A

(1987-), W, WRIGYT, W, RS PESEREARI 2erh, R DER e pe R
il 5 PRbE 0 B K AE 975, B, LT #Eal, JU P " e B PN RN
Wik, T, B0 1 o e A R 2 TRIFINENT A K2 B AU S (R AT 28 1]
IKIEHE(1980-), 5, WARFET, M, BRI, HI PR RN BT R se:

T A 5 1 R

http: // www.china-simulation.com

. 494 -

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 3, Art. 7

5527 555 3 W
2015 4E 3 H

N T AR N R 2R S8 b A RS I 42 e B 5
I AR A A AR (R AT s AR SCER Y T i 42
HICHIARIRE Y A0 B 705 3CT R I 5 Al -
el Dh RESEAR IRV R AZ AT 2 o A AN S AR RS
FIE SAERES 2, AT FE R AU A5 b N T
SO o B AU b TR Y R SR R i 38 AT L (Y
BL, BEMTPHE H BRF R AT, IR 252 )
170 MBS HICHIT i S 28 R, AT LA
I 07 T R A .

1 ZERIRERILEH

TS RS IAT ) A SRE 2L, T2 T
ANTF] R IAT AR R B AN 2R AT Oy o 1 S
ST TRLKE Allen Newell™ sz Sy 54N 2 vk et -
AEZE . MEZE . VAR BRI, il
1R e B — R ks G ) b — R AR
B N —E R R A B R s
HAZ HAT BRIRE I B o 1% & — 56T BRI
RE BN IAT A . kIR, SRR
ANTR) PR ARAT 5 oo 23 R v R i 2 R R 2 A
0.002 Hz [FJIRFRIZAT , IXFE ] LA 44 m i A i is
(I C

o fEl%JZ  0.002Hz
. N o BHEE <1Hz .
BRL [y VimE 1 (2
N
N EFE 30HZ
el
— e R e

1 ZRGRSAT AR

X FAT A A R, 2R B R RN R AR T
W RS, WAEMBEMEEM T @R R R
g6, VERUZRT R R GE. IR G B
K 13 BERS 22 S22 R SRR IEA TP A0 P 3 o

BETT, 55 2T 2R RS E SRR T O AR 5T

\ol. 27 No. 3
Mar., 2015

2 ZRGRRARIA
21 MEHRIERSE

LRSI, N R R, EAMY
VR SRS AP R BN R &L, W2 482
AT RS, HAWE 2 s, NGRS T
T TPAT 2 DEEAAT 5

1) FFAET AT, L R R E 1 H bRt AT
LT

2) BAnANCIZ ML A EE R, BT TR
JE AL

Y wagdt b ARBR
\ 4 \ 4
1 BEAME e B e BRI <
MR 1
REHE
it
B
B2 N R

(1) 1rahdzEdil

ATENAA R LB N BN A, AT AT
FI 3 =75 51 B 9 B ke 00 Se Al e A B AR AL
AT, AR AL SR 1 i e L3 4
54, (RN B At E] BV B o AN L JRTE  e
SBAELZAT, iy EA P R L AT 3.

(2) BRI

e A R 2 P R AR AL - T PR 67 T D F AR Al
G H b SIS Bl 5 1) o ARPEBT A2 B 42 R H bs
o, BRI A T B4R B 3 RO :

1) BB H AR, A TR
L5

2) Bl B AT AT AR

3) BrALE N A AT AR, OB 1

N T IEFEAT, HAR RIS BV 2
&, WPEE. Jri. AR A AR,

http: // www.china-simulation.com

. 495 -

https://dc-china-simulation.researchcommons.org/journal/vol27/iss3/7



Qing et al.: Combat Crowd Behavior Modeling Based on Multilayered Decision-mak

927 B 3
2015 4E 3 H

(3) FREEIEAN

AR SR 2 A AN 85 el R R B e AL B 1
S YEN NP o SR EN A RIS B R A B AR
SAE S R eI A S gL

(4) Tt

SPRZEA 32 B TR R I AR R N, X
AN Ik R 2 B M AR R AL RN v — 2 R SR R 4
E IS BN S o STV R0l S A B i J
JEE MBI 7 ) AT A 1) 0 ik 3 P45 o ) e
BRGNS o AR — AT B RN Rk — B
IS 8] A T RT B IR AS L EA T VPAG Ik A8 B e /b
7% B, FAALR RIE 8 U Rk 4eT
AL, SER A R SR .

RERLKG A BFN N UR B R RE ) R T
X R A RS HR AR SR A XN RS
JERAE B R S ic A2 0 E 2 i T I s
ey HAr e AR X 2t ] AR gt — M7
AL, AL SRR AT (R T R
Ll RALEh K H AR R EAT A Re ), A S
L PRI AAN AR I P A 0 SIS IR PR SR , A
RN S AT A PR

22 RERHREKRE

RIEAU I 0 1 2 TR SR AR e A B 2 A AN
JZ, BRFERER = R R AR A R T, H
RAEUAN R A A MRS H AR R 3, JLek
DRI 3 P, RSS2 4700 M
Rl R Ll KA A B

Hek FI

y
e

fE5%5

A

P

AR

RGP

—>| R
T
HHM §

WHIZ

iz

A

B3 wa oY

ARG AR

Journal of System Simulation

\ol. 27 No. 3
Mar., 2015

(1) iz

REFA-E SR e A2 AE A AR AR, R
SR 2 JUT R I v s it Rt B, 4
FEPRME R FREEE BAAMAIRAS . FREEE B
MRS 3 PRI LN, e E — IR B A AR T
X AZ A 1o R A A4 PR AR SR A AR oK
MAAT AR, [ AR 28 G T R L S R TR BT AN A
X 75 AT AR5 5 1R 6 48 4 S iR 2 3647 )
U, BT EIA R BB VGRMIIAAZ . MR
DAL AL B RRE, Wigshe ) 517
AR AR, AT RER H s Rl e ke
0L, W HAF RS . IXRA 2t n] LU 5 gk AT
I o
(2) AT AL
PR AT R, e — R T A
BIPRAT AT 25 LASIEEAR S H bR AT A BERIR) FHAT:
KR TS, AT BN AT . 0T
BN H b, AT RIS R —AMES
WE 4 JoR, WRRRELN TS, R E
WA H o AT B PR — AT — T ), A7
—AMES RV ZATS T HAR, XA bl

PRREK T

[ Botriim ) |

o
%

| CCoh Il 1) |

ECH /i 5 1)

K4 (155K

A 4

D7 %)

FEF R IAESSAT 3 BREACRES: SATHESS
(D), FonZNLRISEHL HbRs HPIaMESS(C), BEA
S RAAT T MRS (A), IR A
RER I I AT 55 o BB AR S IR T I T RSB
PR AT 55 (B R 56 4, R ZE A3 PP ke AR L
P RHAEL AR5 B T LAY i b AT
HEPME .

http: // www.china-simulation.com
<496 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 3, Art. 7

5527 555 3 W
2015 4E 3 H

BRATS B A n AMES, BRI Z 058 5 0y
FETHEEAR PR SR AR e R S R AR A
O(n.log n), HMEJZICUERIFE R A& N O(n); AT
RIS — AN TR, AN T BN 7 A R0
PS50 56 kAT OB, BB S 2 S8 1) R S R
KT, KT WATSHIECR R m, AT 5 2
R PR A O(m.log n)o [FIFE, ALK SERE(T 2511
OB AR o AL RABUZ AR, K R
HRGHATE DA TP, £il5, #
K P S I AT R IR 3 1 s 3ok A3 .

(3) fHstihik

AT R FRIE ST R HAT AT 55 05, 1 sk
FOR BRI b AT UM I SIS B 5o 1
SRR L8 UL e R A2 DA R AT HON SRR
Ao AR RS A SR A A T o, BT AR B
B AT AR AR, BRI AR 5 i AT S5 A O
(AT ER B I 45 R A BSR40 1 R0 0L %
I EERAT A , 11 ] Dijkstra VAR TR AR T
Dijkstra 53248 22 i 0l 1 ¢ CUAN PR B 061 Stk
AZ BT R FAT AL o A8 TN S ST 55 AH G
Dijkstra Syt 1XANAE FU6 AT 4 R A AR
VAL, AE AR R R A IR, RoRh Cuse. TF
il SE R REOR ) — PRI S T R, A E A
i FARAN BE /N IIAE B o VAR SERUS , AR
B /INAAE B Gl 228 B CRIE AU FO M H A%,
TOUE AT 552 A8 H A R RN H A

(4) sCHAEH

BEARAT ] — N A8 B4 B 28 oK 5 B A BT 5 1)
WA BAFI AR B AS XIS Rl
FAF . A0 HE AR v DU B SR T T E AT
%, B R AG IELEIBAT AR 55 A e das il ke 40l L S AT
By o AT S AL I AT A B 1 SR R N AT
BRI . R BAR I 5 s,

W 5 o, “ACH” RN A B
P AT S R T A ak s, gL BGE Agent,
AVFRIRIVE R )G, “TTREMINH” & By
Agent ITEHATAE ST SE S, EWOm IS stk s

BETT, 55 2T 2R RS E SRR T O AR 5T

\ol. 27 No. 3
Mar., 2015

(48 2R LA S FLA AT 25 (1) O e . “WOE R 7 #
il Agent BUATRE LD IR, “WanSEe” 1554y
BB AL, “WOE N7 #246 Agent Bk AT H]
DI AEAC B “ EOHOE AR R 7 A Agent 1)
178, & HA A AL AZ LLR IR B8 i 1 A8
Ho WAl 8 — A8, “HEBIEIE R B
I, BEIMRE 2] Agent 14T 3l AR RFAS BN BE S
%, 0 Agent 7EAEH XA B . BT ) MY
N R AEFEZA I, Wi s g AT A
Wo “fH” BB T RES, BTSN
WEERIPAT SRR AT VAL o J34b, BBk & 4T
(128 F O G2 A A 0l B A AT AR 55 AL BT, A
T Agent A E08E A8 Bt % .

sy
TR

FTeTPE R

[t 45 W B2

i L

lﬁﬂ

K5 AP

AL B R AU, L S AT O A B AR EE ) —
iy, BRI RS B, TR % Agent
FRIAT BIPREIZ B IR SRR N, 24T A IR AR, IR e T
BB AT RS H
2.3 MEHRIRAR L

JEE AU L T 10 1 i I P R 8 5 4 1 MR AR 1)
VERRAESS, ARIn AR L SR 5 5 e 1 DL
25 FE A B S DU EA T I2 Y o R AR 1R IR
N ZRGE, WIEl 6 Pios o YRS HT R GiEAT 2 KAESS

1) S fFRER, IEFERAT N, JRRE R
A A BAR ) H s

2) AFAEAEEN, A v R SR B (AT )

http: // www.china-simulation.com

. 497 -

https://dc-china-simulation.researchcommons.org/journal/vol27/iss3/7



Qing et al.: Combat Crowd Behavior Modeling Based on Multilayered Decision-mak

5527 B 3 W)
2015 4E 3 H

s e -ys %)=

e N e

PERAT

ﬁfcﬂrﬁﬁx‘i AZHRHL

Kl 6 A R

(1) iR

PRl R B U e il R 0 AR, EvvE
TR TR EERHUAT N, KU 2T 2 AT

a. KRIET EGER 2 RS R 1 1 AT
%2 LR HEGT, £ EYERL RS P LME
N HERAE S R G 83 TR AT 305

b. SR TR A B voE . DA %
GRS VIR S 27 AR ¥R E 2 K (H RN
IR 37 S PR AE AN T _E A4 IS DL F i
ERSADPRI T AD A (S

(2) Vs

AF il R R UL 37 3 5 o R AT WU (R 2
Ao ERUET LB 2R, a2 R,
FIEVEEE O P me e A P 27 [ PR U RV

(3) TEdkAT A

R AT D 2 HE AU B AL R AU 7 34 5
FIRERHRIAT N o BREALREAERAT 73 R
W B, i SRR R 8% ITHE. B
SRHAT LLAN 73y AR bl H B o A AT 8 A2 AR
NEREAT I, AN AR B4 T 2 AEAT: dikds H P AT A AR
1, FEBEFE IR AR BN 7T BE R AR .

3 XEIT

TERERMNE I IR o, 2 R P SR d FE AR 1)
AEH RN AL TG o A8 H.TC /& — TR AL Pl (1) A8 FL AR
B, R B A W S AR RS AT [ 4K, SR FH TN
SR 0 07 208 M A BACR, DN S IR
FEo RSk, e Agent DL AS L iR T AT
HIGH =25, N TR R D REMIHTEE T Lk
FIHATH, ZHICHINT 3R AH TR, &L
XA HATS, WK 7 .

ARG AR

Journal of System Simulation

\ol. 27 No. 3
Mar., 2015

K7 ZhrEK

A H XSGR H G N, S AR
e2 5 H.. B LR H PR L2 AT S
AT LR AT B AR, A8 HG 5 [ AE R PR 5
o, PSRRI I Xy A T HE R P A S AT

ACH EASEAS RS, IR RAC T Sk
ITACH. . BRI, A8 H FARHAE A Yok e ) 18 e
Agent, ‘& HA AR BB 6T . FIFER) Agent
A DATEHAR )28 P o A8 B, 9 an4R 453 b
AT BN IHH SR AT FOW S, AR S AT K 34T i bisf
AT H AR

AL HAT 55 IR R R EE rhil AR 128 B, B R
AT B GRS AR o AT HAT45 ] LA {8 (7
ARG 51N FTI A ELT AN F SU8 A8 BN GRS H.
Tk AL HARS AL S BT A5 B

(1) A HIXIE X T # ko & UMET R A8 |
MHAEH, A HX5 6 A ST I

(2) A HJGE LT A HAKI e, B
WA HAERAT, HREEH EAT B AR IPIRES

() ZHJGE XL T A HAKME S, fn
PSR A2 18 T A8 L AR R TEAS FN B RS

(4) L HATS AT HHIFIZ R4, B4
POBE A HARR, IEIRA A RACH o IX PP R 24T
A AR AS H AR RIS FL 5 ) A ERIR A

SHATAMTAE B, A8 AT 25 L A5 1A 22 % o s
T 5 AN EK: AR RN, BV 1
IR, KN )Z 0 SR e e, IO R AR B AT )

4 RN ERAE

4.1 HERINH

Bt 2 2 R SR T R, B0 S ]
Kl 4226 4 B IR B A LD, T T84l

http: // www.china-simulation.com

Published by Journal of System Simulation, 2015

*498 »



Journal of System Simulation, Vol. 27 [2015], Iss. 3, Art. 7

527 455 3 W
2015 4E 3 H

AE IR AEARAT AR BT ALEE g i an

&l 8 prRt,
__ AR HE
-
P
7
o]
_

8 KL E G

RIEECAUNUDE g, BRI E T 15 28
Agent DL J 9 R BB LNAR, Wil T 235 FAC H.
JG, FER i 29 ZRE T H O A BT T HE
BT
4.2 HERIBHE

ST H AR MR R L B FI 2
AR, AT IR UL S 1
PRAT g R R el ) 1 81T 2R A I e AR
gerb, MBI ZRI 5 3y, IFET T 73K
BRI PE EREAT TR 18] 9 e f s Tid R
I .

K9 NAD Sl I TR T R R e A X

http: // www.china-simulation.com

BETT, 55 2T 2R RS E SRR T O AR 5T

\ol. 27 No. 3
Mar., 2015

FEAT FAREG PO 5 T 2 2 R SR I B A pLb
B A AT AR AT T PERENR . T B 4
R 1PN,

1 BRI

i H JEPEAH
JiA IR AR o BT
Agent 510
HLi CPU Intel Core i5-2400
BF GeForce GTS 450

SiREW], AR, SRR
AT L ms Jidy, B RER-FIIPTI (e aEl 10
P o

0.01ms

0.01ms

0.01ms

m {ESRE
mEHE

sz
m R
mEEE

K10 S os)2 -1 IAE 2N IR

PR WY SR A A 1 DR DA i o i X R
WA . BT, AR AT =
IR R DT R AR G, XL
HRIORT A B L e . fdm s WHIE
BRE SRR A2 PR IR TRIAE 9 BN AL T, SR Zh 148
IR SRR BEMURH IR AR 35 IR B L

5 g

MAEBLZ . WUZ S WFIZ . BV R AR SR
SARIRMNA, GG LTS, WETHETZ
JEDSEBUHR VR AR AT B, 4 T N 212
PR S RE R, ARG PR AT T
W, GAUGRYIBIY A LR, BT NIE R, AE
WS TEU D, A TER R, BE A RN AL RS
TN

CF#658 528 1)

https://dc-china-simulation.researchcommons.org/journal/vol27/iss3/7



	Combat Crowd Behavior Modeling Based on Multilayered Decision-making
	Combat Crowd Behavior Modeling Based on Multilayered Decision-making
	Abstract
	Keywords
	Recommended Citation

	tmp.1688110563.pdf.KLMxJ

