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Fuzzy Control and Simulation of Typical Group Emergent Behavior

ZHU Shengyi, FANG Yangwang, YE Shengtao
(Aeronautic Engineering College, Air Force Engineering University, Xi’an 710038, China)

Abstract: Aimed at the features that the emergent behavior is widely used and the occurred reasons are
complex, a method of group emergent control based on data mining and fuzzy logic is proposed. Firstly,
based on the traditional Swarm model, the dynamic data of agents under different parameters are obtained
by traversing eight parameters influenced on the occurrence of emergent behavior. Meanwhile, linear re-
gression and central clustering algorithm are used to recognize the type of emergent behavior under differ-
ent parameters, and obtain the corresponding parameters of linear and circular emergent behavior. Then,
the C4.5 algorithm is applied to precise parameters’ value range. Finally, the control of the occurrence of
circular and linear multi-agent emergent behavior is realized by the fuzzy logic method. The effectiveness of
the proposed control method is verified by simulation.
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Tab.1 Typical emergent behavior’s parameters setting
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Fig.1 Simulation results under different setting parameters
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Tab.2  Parameters’ value of the corresponding group behavior
2N ¢ e cs c Vi Ama d
HE — 0~10 0~10 0~8 6~9 36~40 —
[ P — 8§~10 0~4 0~10 0~4 6~9 36~40 0.2+

WSS 2 gy i 2 BORE S 1L Ok B R AT
U] $25 $h 19 A /0 D s B 4 0 S U A AP AE L
FRER TR NLZOE C4. 5 A TEHEAT X ds
2400 2o e R A A BT R R A TR i B - 19 B BE A

R 20 OB R R o 5 A SR v i 412 H 114 2 B0
{ELYE [ 6 LU » A7 75 R 58 SR

1E MATLAB ¥ & T #CBEAT 07 59056 56 15
BRI TEAR . LA R 2R S B A BB Y B



106 2 B T RAF A AR D

2018 4

P 2 0OBE . LR B — IR S JOBUE 15 21 19 = 4k 1&]
B KB agent HA — A~ 15 18 2 3z 2l 1) #2207
TH RIS RN 15 20 0 15 Fl BT Sy b

3 TR i IR AT M O ik

WRAEEE 2 55 2 BORMAZ 45 209 A4 HE R
150 V0 30 A7 DA 114 2 SOUAEL Y [T ) P 0 22
R4 ) D 1 o S BT REAAA T O 1 R REAA 7™ A [ e 5
BE R URERAT O B0 R RO AT Dy [ R
TERAT M AR LA
3.1 WHEERTTE

ARICGHE o MATLAB H %) Sim 28408 ] Simu-
link #5784 Simulink 977 B4 48 25 m 3o
FH 5 5 52 BRI ¢ 1 332

WA X O A REAR AR AT DA 1977 2 R
TERIE 8 B v~ Vi Awac Fl d o XFIE 8 A
Z B0y 3 BEAT BRI 42 1 B SR T O A7 45 1 B 7 5T
AT o kg (o A e B ORT . 30 5k 1 D B 4] A
T 8 SR HA MR A4 18 I8 I HL vk A [R] A9 S
o BE PR LA R BRI R LS R e A A
REOR s i B i BRI BB IR

Step 1 ASCHEFE T 4RO 2 R 58, an &l 3
iR . 2 AN AR IR e FHRZEZEMMFE e, .
e=r—y e.=de/dt
I(J:KL,LC‘( y=K.,e (10)
u=K,z,

K, K, 35l iR 22 e MIiRZEBFE e 1Y HE
IR 5 K, 2 5 o 09 LB R 5 Dyl i
random number #E{4F1 saturation #4477 4 B — 4~
Ak DU S L P 0 s o (L 5 SR 4 ol 0 o 1 B w0 A
RS iR [ ) MATLAB 2 77 rb 5 5 ih 2 50E
PR A4 B8 B9 Z8UH vy BRI M E 5 from
workspace ¥ 5 AW 1H S EE .

L MEAPIENE TR
25 i 32 “ Xt % ‘|"

3 BB RS A
Fig. 3 The structure of fuzzy control system
Step 2 RRAiy AL T Y HE AN I8 30O MEAE S BEA
8 BRI S M LSRR R B, e Al e, HYSERR
AR e HEEE A I 2 E N [ —es e JRIL — Qe
Aelvag yo Az BRI HON [ —5.5 ], W& {5
ERCIRINC SR

_0 e 0
K.= e ’K“ Ae

UnTEL 4 B o 4% A i A Y SRR T R A
TERE AT B0 =AM AL, HBE 330 5 A fl

(1)

F R U F /N IR A Y
TFEAHINL NS ZO PS PLI.

Z0 PS PL

0.0/ L L I L L L L L L
=5 4 32-10 12 3 45
Wik

4 B R SRR R A
Fig. 4 The input and output membership function
= SR ek R i A s (A 2)

x—b

a—0b’

<ar<<a

pr ()= T e (12)

c—a

0, b8 x>c¢
Step 3 MR T 28 e H8 A9 A5 R 0 152 A8 AL DU
B P ASOR) HE R ORI T B A o
FURORY 42 ] LW FE 30 R 2 if e is A, and e, is
B; the uis u; »Htp i=1,2,-,m;j=1,2,--,n,
BRI 2 WL 3.
3 BOWIALI
Tab.3 The fuzzy rule table

. NL NS 70 PS PL
NL NL NL NL NS 70
NS NL NL NS 70 PS
Z0 NL NS 70 PS PL
PS NS Z0 PS PL PL
PL 70 NS PL PL PL

Step 4 KSR 42 ] S fifp AH 1 g AR BROHT 1)
WA = » PR EE B PR 7 22 S AR 3 BB Y 1Y
il w il w AR IO [ —wsu ] W H B T
£ WIS

K,,:% (13)

K EO BTN . = A0 584 Aa Bl 2%

55 A b b T B BB T AR b SR i T AR G, B
FRIEE A8 BR AR RS A Y 45 2R =, .
J“zlul;(z)dz

=2t (14)
J/,up(z)dz

X F e A& a0 ik F 515 = 1979



5 6 39

KRR A MR R BUAT S O BRI 4 ) 5 0 107

Vit 38 A5, o
3.2 ERITHEHME

£ MATLAB % & F 3T Swarm {jj 25 R iJF
Iyl . E OB BEPLSS 2 1 8 S BUE
JE T TE RE WS A B BRAT oA (4R 780 i [5] Fl 7R) fd) J90 01)
T B P, A0 SR R R P 4% R Swarm 17 4 4
AR P IS AT 5 Q0 SR AS 78 B0 U S Bl P DU 3 2o SR 3 B
J5 B SBT3, B Z AR 2 s H S R O U

[k SpacingC] du/dt
From D= K1
Workspacel erivative

FEH B8 Swarm 47 {1 U 38 1745 S0 BEIRA T

SR 2 15 S BN A3 B 2 25O i
U 5 90t 5 9 I P 2 R R BT A I 7 A o
TG JE BUAT o B 1L 2% T 1 B R 5 BUAT Oy 2R 55
PR 5 T o 1 2 40 X B 7 F 8 A BE 0 2 0
PRI .

Simulink 2 {5 LB ¥ WA 5.8 F 7 458
IR IR A

L]

k1 To Workspacel

Fuzzy Logic
Controllerl

B 5 Simulink 3= 1T

Fig. 5 The main Simulink simulation program

VARG AL 207 Az T5 el 250 T SR B 4 O ol 1] 6
LR R 5 A AT 2 2% L G T Y e R 4
7 VRS R (R 1 A 1 T L A 15 R R B
RS RBOL R KAE 10 s 58 BB 2 il , e 4
A RLSEHUR B AL 25 72 19 2 B0fE 5 o) 3000 05 L
I BB RIT AR .

(b) =178 s

&6 AR R A [l 20 B B AR L 4
Fig. 6 Group phenomena at different times under

fuzzy control
4 45k

A SCHRE ) Swarm B8 7 B A E A Y
D5 Bk A B ) R IAT A ROR s o LATE R
1) 5] Pl 750 A0 P 2k R0 5 BAT Ay 3t DRy i T £ AR
LR TUr R SER A 1F o SRA DU A AU A
AW B AR RBAT N fE— 2 B BRI T A

REBUAT I BAE R RO R FIHT CAL 5 Bk
A RO FEAT B 12 5 A5 B 2 O AR 2 A Y
SR Lt — 2 4/ T WELTE [ I 3 2 07 56
TSRO B ERTE . o AT 30 H 2800 73
B BURE ™ A= [ 18 0 F0 B2k B 58 BRAT S B SR AL
D] FHRSORA 22 ] D7 ¥ 2 ) — L BE WL 45 72 1) 2 B i
REAE 7 AR B0 1Y 2 B R B R LR

AR ST i A 0 5 BRAT O i 75 ik T RAAE
B A DG AL s B 26 0 2R AT Ol 4 T A R At DA SR
) 7 B 2 BA B 3 AR T T AIOR

2 % 3Lk (References) ;

(1] BtV . ot W o, . 36T 28 Be 1B IR) 1k £k AL 1

WS BAT M5 [C/ /55 32 Jai o [ 4 il 25 8Os SC4E.
2013:7179-7184.
XUE H T, YANG G, PAN L, et al. Emergent Be-
havior Research Based on Multi-Agent Coevolution
Mechanism [C]// Proceedings of the 32nd Chinese
Control Conference. 2013: 7179-7184. (in Chinese)

[2] ZHU Y F, TANG X M. Overview of Swarrn Intelligence
[C]// Proceedings of 2010 International Conference on
Computer Application and System Modeling (ICCASM
2010). Taiyuan: ICCASM, 2010: 9400-9403.

(3] R, FEL XU, 4. R BT Ot R LCL//
ANLER¥ W 2ZRE2ESNFARESRLE
(CAAT-12). M5/REE, 2007 974-983.

WU Y, ZHOU K, LIU Q, et al. Development on E-
mergent Computing Research [C]// CAAI-12. Har-
bin: CAAI, 2007:974-983. (in Chinese)

[4] REYNOLDS C W. Flocks, Herds and Schools: A
Distributed Behavior Model [J]. ACM SIGGRAPH



108

2T RIS A AR /O

2018 4

[5]

[6]

[7]

(8]

[9]

(10]

[11]

(12]

Computer Graphics, 1987, 21(4) . 25-34.
S, B R AR 8 BT A AL AT g B 5 R
RS oy B LI & 4607 327 4f, 2009, 21 (22) .
7096-7102.

WU Y. SUJ, ZHOU K., et al. Research Survey of E-
mergent Computation Models, Behaviors and Case A-
nalysis [ J]. Journal of System Simulation, 2009, 21
(22): 7096-7102. (in Chinese)

VICSEK T, CZIROK A, BEN-JACOB E, et al. No-
vel Type of Phase Transition in a System of Self-Driv-
en Particles[ J]. Physical Review E, 1995, 75(6):
1226-1229.

ZHANG X Y, JIAN M, JIA S M, et al.
Fractional Order of Self-Propelled Particles in the Syn-
chronization Motion [C] // 36th Chinese Control Con-
ference (CCC). Dalian.: CCC, 2017 11374-11378.
SINGH S, LU S. Detection and Classification of E-

Optimal

mergent Behaviors Using Multi-Agent Simulation
Framework(WIP)[C]//Society for Modeling &. Simu-
lation International (SCS). 2017 .23-26.

KPONYO J J, NWIZEGE K S. A Distributed Intelli-
gent Traffic System Using Ant Colony Optimization:
A Netlogo Modeling Approach[ C]//2nd International
Conference on Systems Informatics, Modelling and
Simulation. 2016 11-17.

ROCA D, NEMIROVSKY D, NEMIROVSKY M, et
al. Emergent Behaviors in Internet of Things: The Ul-
timate Ultra-Large-Scale System [J]. IEEE Micro,
2016,36(6) :36-44.

SHI H, WANG L, CHU T. Swarming Behavior of
Multi-agent Systems [ J]. Journal of Control Theory
and Applications, 2004,2(4) :313-318.

S R, X P RER R AR S R IM.
A B AL, 2012

WU Y. TANG H., LIU H T. Web Swarm Intelli-
gence and Emergent Computation [ M ]. Beijing: Sci-
ence Press, 2012. (in Chinese)

[13]

[14]

[15]

[16]

[17]

(18]

S A% i £ Swarm 51T 58 IAT A 1 8l ) 2
PEZ ALY W B4, 2011, 60(10) : 108902.

WU Y, YANG J J, WANG L. Kinetic Property A-
nalysis of Emergent Behaviors in Swarm Model [ ] ],
Acta Phys Sin, 2011, 60(10):108902. (in Chinese)
S A BRI . Swarm %8 BUPE TR AR IR R KA R
PELT DL PR ol R 2 2 4k (A SR B 2 ) » 2011, 23
(6):733-740.

WU Y, YANG J J, CHEN Y T. Metrics System of
Swarm Emergent and Its Efficiency [J]. Journal of
Chongqing University of Posts and Telecommunica-
tions (Natural Science Edition), 2011, 23 (6). 733-
740. (in Chinese)

FEE NN, —Fhok iy C4. 5 PRSEM A )] m
FHARGHM TR ,2016(9) . 182-183.

WANG Z C, LIU L N. An Improved C4. 5 Decision
Tree Algorithm [J]. Electronic Technology & Soft-
ware Engineering, 2016(9) . 182-183. (in Chinese)
B L 9 22 5 FEOR . BIR S - S I PLAR 2 2] TR 54
ARIMIL G AT MU Tl th hiat: 2014,

WITTEN I H, FRANK E, HALL M A. Data Min-
ing: Practical Machine Learning Tools and Techniques
[M]. Beijing: China Machine Press, 2014. (in Chi-
nese)

MENDEL ] M. Uncertain Rule-Based Fuzzy Logic
Systems: Introduction and New Direction [ M]. Ber-
lin: Prentice Hall PTR, 2001.

X RS . Matlab B fF i i) Fuzzy Log-
ic TRARERMI 0 R ge i Jrp rg ALY ). 358 Ly
H.,2000,17(5):69-72.

LIU G H, SHAN ] F, ZHENG C G. The Application
of Matlab’ s Fuzzy Logic Toolbox on Simulation of
Fuzzy Control System []J]. Computer Simulation,
2000,17(5):69-72. (in Chinese)

(R #: RHO



	空军学报-6 103.pdf
	空军学报-6 104.pdf
	空军学报-6 105.pdf
	空军学报-6 106.pdf
	空军学报-6 107.pdf
	空军学报-6 108.pdf

