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A multi-AUV dynamic task allocation method based on antcolony labor
division model

YANG Hui-zhen'!, WANG Qiang
(School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The problem of dynamic task allocation for autonomous underwater vehicles (AUVs) has high nonlinearity,
uncertainty and multi-modal characteristics, which requires that the task allocation method has self-organization,
robustness and rapidity. The dynamic ant colony’s labor division (DACLD) mechanism is a group intelligence algorithm
applying a distributed framework. The overall intelligent behavior that emerges from many simple interactions can be
well adapted to complex and variable environment, which is very flexible in solving the problem of task allocation. This
paper presents a multi-AUV task allocation method based on DACLD, in which the stimulus-response principle of ant
colony division of labor is introduced and the mapping relationship between ant colony division of labor and multi-AUV
task assignment is established, and the task state estimation is incorporated into the response threshold. And also, a new
cyclic competition scheme is proposed to maximize the utilization of AUV resources for the task conflict phenomenon.
The simulation results show that the proposed method can efficiently complete the task allocation process and has good
self-organization, robustness and rapidity.

Keywords: task allocation; dynamic ant colony’s labor division (DACLD); distributed framework; self-organizing;
robustness; quickness
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T AR () A b R R A R AR A JR H A ST N,
FLg B g A W T R AT ik b T AR, T HAT S5 1 4>
T S T 15 - B AR NS % T 55 (1) 23R 22240 SR [25]
BEXETEANMUBEAT 55 47 FL I 22 H AR 2 29 3 1n) f, 2 T
2 ML P [ o 7 LRSS 20, 4 HH T Bl AS IO I 43 A%
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EX1 ARRZEEF AUV A RLZ AUV R4, B
AUV = {AUV,,AUV,,...,AUVy}, NE/RAUV
AN T IR ERAE M AUV (88 77, 5 % S 5l
M —MEE AT HR, B
{State Position Speed Resource Ability Scope}.

AUV_State — AUV FPIRZS, 78 75 N BT A
1555

AUV _Position — AUV FT &b )47 & ;

AUV_Speed — AUV # A& I HTLAT IS ;

AUV_Resource — AUV #715 1 555 &L &

AUV _Ability — AUV HUATIE S5 g

AUV_Scope — AUV $UTAE 45 [1IVE .

EX2 7 RAEAEAF B H AT 554
4, Bl TASK = {Task;, Tasks, ..., Tasky }, M I~
RSB H. T AT R AEAT 55 B R AE, 5 & 2 8
il —MMEG AT IR, B

{State Position Resource Value}.

TASK_State — {£ 55 PR, 1672 5 4% 58 L

TASK_Position — {F55 AT Ab I B

TASK_Resource — 1T 45 [ 75 >R B IR U &

TASK_ Value — {£ 55 [ H.

E X3 AE S o BC R ] DL 4R & {TASK,
AUV, Upgear } 7, BTN — HAT 55 45 2 AUV R 4,
IS PR AT 55 2 B AR 73 R G R AR R R AR

TASK — 44

AUV — AUV BHASE A

Usotal — F G820 R KL, B H A5 R 2L

X T A% G (A 55 53 L J7 2% (N G 5R02), Usotan
F T3 ARG A A A 55 73 T 45 SR 1K VF 2 (Cn ORE B0 vk
A5 LR A B N, AR5 U ol PRBUAE R T DR TT R
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PEAFE b (e S R ) H, 3 T R A B RIS (AUV) Xf
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AUV Z4 SR 528 fa A3 55 5 AUV 173 I
KZ - ATS5 I AUV 2 B S5 /L o8 &R A SCE T
W Ak B2 %A
1.2 AFREH
E IR FAL ' 1; ), %8 AUV, 22 75 AT Task;,
HUE A 1 3278 AUV, 14T Task;, 75 W R R A AT, B
{1, AUV, — Task;;
L(i,j) = (D

0, otherwise.
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i=1
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for Vt, Z r; > TASK_Resource(t).

i=1

(6)

2 ETIELORTTE 7 THEZ AUV E)
DS TTE
2.1 EHMCRE#EA
2.1.1 BHAFEREIE
TR RKIK TGP A% %G TASK =
{Task;, Tasks, ..., Tasky, } # & A AE 5 X B — A~
WM BMEs;(G = 1,2,....,M), AxEEs =
(81,82, ., sp), FERANBRTAE S I UMAE LA S 2 A
A AUV AT &, H B A5 I 8] A2 40 T 32 4. 72446 I
2 AT 55 WA 358 L s (0) R /AMUEL T AT HIAE
25 RBUFUESS A8, B

55(0) V(Task;)

Z V(Task;)
j=1

H iV (Task;) £~ Task; KA.
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T AR A, FAR A I 40T
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Forh: 6 7 Task; FAL I 1] Py 34 858 1 OB R 1 &
FRES I TERUE,
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= TASK_Resource(j) ©)

TASK_Resource(5) F7x HI 46 R4 T 58 ik Task; I 75
F G B, RT; (6 + 1) RoR AUV fE AT Task; J5
Task; {13 75 B B8, AUV 7E R IRIAT 58 Task; J&, T
55 FIT it BRI S 0 a0 T

RT,(t+1) = RT,(t) — R_AUVCost(t),  (10)
HrA R_AUVCost(t) R 1E t W ZIN T AT AT 55,
AUV FTFE TR HI W IR, 24 AUV % B 30T 584 45 )5,
B AUV AR ZS M state,, 72 FILIR TS stateg, W 75 115
HE R A R A 2]

§(statea —stateg) —

(7

Sstates (t + 1)
Sstateq (t) ' ()
AUV, &b F 25 RRAS I {8 PR 5S HPAR AR — A
“HEAES5 " Tasko 520 B H A AR HEAT 58T, %
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(13)

D;;(t+1)

iﬁi&ﬁ+n

i=1 j=1

Dz’_j:

T;;(t+1)

ﬁéﬁiﬁﬁﬁ+U

i=1 j=1
3 0 7R A — 4K S T0 4 1R ER BRI B I T £ S0
1B wi Flwy RN, n FoRP R B IHBCE A NER
NEL, m R IRAESS P s BHEA N E RS AL ¢ R
A2 BT SO AUV, 57 2T 0, BTSN ¢ <
LN S

. {1~Stu, Ni(t —1) # 0;

)

N(t—1) (14)
Stu, Ni(t—1) =0.

X N (¢ — 1) B BEAR G AERS %1 ¢ 2 BT AT AR 55 1)

UKL, Stu € (0,1) VTG ST RF. @ (t) Lo t i %I

AUV, B IETHFER 1, i (t) FIR/N S AUV, I )45

i BEUR RC, (0) S ¢ I8 21 5 & B i 1 B8 RC; (¢)

AR AETT AP R

RC;(t
¢l = Re ) (15)
HRC(t) # O, BWIHEAER T oi(t) # 0,24

RC;(t) = O, RIEHFERE T ¢;(t) = 0, AUV;
FRy o 7 R (LI A 53 W5V AR R T4 K, AT A B AN
ITAESS T H . o (¢) R ¢ I 2 AUV, IR0 42 525
A ETTAN

¥i(t) = NRC¢
Z RC;(t)
i=1

Y AUV, 7E t I ZIHPIR A state, 76 ¢ 4 1IN Z0EER BR
5 state s I, 7 VST W 7 BRI €125 g
Sitstates) (£ 1)

(16)

71' state, —stateg) — 17
5( tateastates) gi(statea)(t) (1
AUV, XF M AT %% Task, B0 N =512 A

§io(t) = max(&, oy - -5 &ina)- (13)

2,13 HEBHEER

R MR AUV, Y BIR A5 2 HAR S
(1) M 256, 308 1o L 55 e MR R 1) A /DN, 34k TR 26 K
(PR TR T — 25 PR 2224, p,, FR T —R %
AUV, 3 HUTAE % R R,

Pij =Pz () =1 =25t +1)=1] =

[53+=p)?
[5G-p)? + [&iG=—p)?
Horp > R 24 HT I 2 AUV, BT IR 5 % 5
22 EREFRRRBRATR

— ML, AUV i 85 78 26 e K (AT 251
N EPATIES. 24 2 A AUV A ik 5 [H]
—AE5 RN ER e MESS) B, W H I T AF 55 i R
TSR T ZE V5 J UL o f:

1) Wil 76 ph 5 1) AUV H e 338 58— AN sl i LA
AUV RPATH e MES 2 VPN PRUERZAT 42

2) TEXT 2R e MESS 56 S IS L I AUV 22 5
Al RE LU TE HRAL S (R WEREE f MES) a4 3k
HER) AUV B IESHATH fAMESS? Gk 2" I7E
X5 e AME S5 I 564 R I IR 1) AUV 5358 fNMESS
(5% % TR 3R AUV B — IR R T — IR e R R,
HEAAESE 2N B f M55 524 FR K IE 1) AUV i X
MK piy 5 &y AT ER 3 IR 564, UL SR HE, LRI 976
H3E4r

3) PEIA T G AT 2 M 245 11 2 RIS AT 42

AR RIS AR R TT R 2 R AT — IR 4, 1 1)
KB BE AR AN T 2 5 B IRAT 45 43 i, Ab T 25 RDIR
AL X 2 AUV BEIR TR 9, FAT 5530
A7 3R A . R, B 6F DA ) AR S R A
VES

M2 AN AUV IR 7 k28 38 B S AT 55 1, £
Je ik F AUV %25 2 AT 55 BT 7 IR K AUV 1A
KA AE T . Ak, BT AUV 10 B E & 95 A
T AUV BUESRIBE R . AUV $ATAE 55 Fr 75 FR I 1)
AUV IR FEN 7. AUV IR BI85 R &
AUV BATAT 5 A8 1, MUR F & 18 R b 9 v 48
B, &y B/MR R AUV AT 1ZAT 55 B0 AR, w5 R
AT Ae R AME S A BL BN €5 AUV,

AT S PAT I FE R A PAT HE SN N T
75 [ AUV A EL, o] 68 H LA 1) AUV ZEXT BT
T 55 1) 52 4 R V8 I 5, RIS 1% AUV #2312 9
AT

BT AUV ¥4 5 BUAT 55 (6L 35 AT %5 i, —
R RO PR 45 0, 45 RG34 7 8. IR AR B ORAIE
T AUV BRI A 3R, XARIE T AUV BT AE S5
{1 e B

RARDTT R PSR R R

-5 WINLIEN Py

1: ﬁ‘%%%*&%l)ij;

2: while 5 AUV K LS do

; (19)



% 8 H

WMEL E A THEINHESHH) TN S AUVEL S BT & 1915

3: A AUV K p;; v = 8347 1 TASK;
4: if H—TASKHEZ AUV L then
5:  if X TASKAE EIRJEH T 244 L AUV
6: i EL4rBL % TASK [ AUV 2 EUH K, 51k
WAEIR B2 TASK [ AUV —it 38 4+ 1% TASK;
7:  end
8: if RT; <min(RC;) then

9: SIBCE; (t) /N AUV 44T Task;;
10:  elseif min(RC;) < RT; < max(RC;) then
11: TEWHAERC; > RT; AUV HIE S, (¢) i

/MR AUV 73 iR AT Task
12:  elseif max(RC;) < RT; < Z(RCi) then
13: WS 5555 AUVIKE, (t) WNEIRHE
7
14: RUGERE AUV $4T Task,; ELE

> (RCy) > RTy;

15:  else
16: Fr A AUV 73 BLAAT Task;;
17:  end

18: Mg -RIKIY AUV X R p,; BER 0

19:  ifp;,; ==0(j=1,...,m) then

20: N AUV, 53 FL AT 5%

21:  end

22: end

23:end
23 HERIE

ZEG UL BN AR, AR SR B B T DACLD ) 2
AUV AL oy BL Bk Oy ARG s an R

HL2 FETDACLDZ AUV AL 4B 532

1: ¥J4HL {AUV,, AUV,, ..., AUVy}, {Task,,
Tasks, ..., Tasky},t = 0, ¢;, @;, AUV K TASK 22 &
%

2: while H TASK R IMAZE T3 do

30 D (1), Ty (t), D (1), Ty (8);

4: if D;;(t) <AUV_Scope(i) then

5: AUV, #AT Task; I EH AUV, 5 Task; )

6: end
7: @) M3 T s, (¢) & (1),
8 WX (D (A7) 5 S(stateq — states) LA K
gi(statea — stateg) >

9: 19T i

10: K8 pi; S AR TT 2 B AUV 73 I

5%
11: EHRIMAZSEKK AUV K TASKAL &
12: end

3 fHiEsLL

BTG I %14 34 54 AUV FT5 AN B A 55,
T AUV IR BN ASAT 55 73 Be 25 5 1) i 40 B R4 55 7%
B AT 553N AUV AT Y5 B 2 4T, BRI AT
1551 58 B, 1 LA R

X B E PR

W AR 0L B OB B AR,

W2 AR 55 A BB AR AR AL, BRI SRRAT 55
.
31 BHgE

AUV HHESS 15 B 3 N 1 FR 2 B R.

#£1 AUVEHIEE

5 (A= P e PHRACE
1 [0,0] 0.35 0.76 10
2 [0,0] 0.36 0.83 8
3 [0,0] 0.38 0.65 7

T2 TASKBHIEE

5 Ll EIAT AR #rif
1 [5.89,5.66] 5 7
2 [0.91,6.48] 6 9
3 [2.88,6.44] 4 8
4 [2.69,6.83] 3 10
5 [5.76,6.79] 4 8

32 fHEZR
321 FHE1
L 5T ACO. PSO K GA 4T 55 43 Bt 77 15 1)
G5 AT R B, 23 B AR SR 42 H 1 2 T DACLD 4 E
555y WO TV F AR B R A PUSE 1. ACOLPSO
J GA R IAMEEE k830 H, A48 28— IRIE 45 7 i
ZE RIEAR R BN M 100K Ew, = 0.7,wy =
0.3. i E 4 R 1 ~ K9 Fis.
16

12 7

* Task, = Task,

4r o Task, o AUV,
) o Task, AUV,
0 1 _ + Task, vAUV,
4 6 8
X/m

1 DACLDHEMEEERA=1)
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+ Task, v AUV, 2 AUV,
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5
16
20 M
& O%@Q?W E% 4cn COCODCOOCO GO COD0OO00
27 S
4 ST R
£ g &
* Task, = Task, H
4 o Task, o AUV, ~ 1 oo © ° AUV
o Task, a AUV, s AUV,
0 ’.:, + Task4 VAUV; 0 N N N N > AUV
0 ) 4 6 3 10 0 10 20 30 40 50 60
X/m t/s
El3 PSOMEFTEINERIAE) B8 GAFBESHEERIAR))
25
16} T
M g 20+
12} oo sl
= tE
=8t = J\;E 10t
Z
o < L
4r o TZ:k 2 AUV, ;C >
pot + Task vAUV
0 , , . 0
0 2 4 6 8 10 60
X/m

B4 GAEMEBHERFIR]) B9 TASKFFEZREEZHIAR)

5 WGBS Z, %5 % AUV fii &, Tasko FE 55 £ 3, H 2
w4 (13), % AUV X Tasky [0 37 58] {5 bt 3 4% Task /)y, BI %
35 E| OT—— coo000000 AUV X Tasko [ AH X M 87 541 £z /)>. 55 itk [F] B, Tasko
= N
§<R 7] ET—— B E 9 9, #H bb FL 4% Task 8K, B 3K (11), % AUV

R N .
N N X} Task B9 X 0 85 0 S8 BOK, i1 20 (19), % AUV
2a0v: 0 Tasko, 1060 365 % 5 4 2 5K, B 4% AUV 3 20 83
%10 20 30 40 1T Tasky. H ¥ 5 W 7 56, 7E ¥E IR 20 3R 396 A2 10 15 10

t/'s

&5 DACLDFIBMESZHEER3F51)

5 -

Elfé 4m E0000000000D QOO0

R

B E

=

R

H oAUV,

=t o a AUV,

2 AUV,

0010 20 30 40 50 60

t/'s

B 6 ACOFTMESHEERIAR)

N, 3% A IR E BN B9 AUV SR AT AT 55 T
AUV, BB E R 7, B3R 5 A % K, # i 0
(13), AUV B AT 5 AIG 9 2 B AE (£12(0) = 0.2038),
M IR ZIE 3 AUV, SRHAT Task,.
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7 S AUV, allocation method based on swarm intelligence[D].
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0 Gongshang University, 2011.)

0 10 20 30 40 50 60 70 80
t/s

16 GABIKESHEER(GIR2)

I 10 7] 40, 7E ¢t = 40s k), Tasks 55 Tasks [ £7
BRI, ILI AUV, W 7% 8 26 p, ; 126 5 A SR 3R
17 AT 45 N Tasks, 5 AUV, K AE SR, I AUV, 5
Tasks fOBE S 500, 2454 B 13 A%, AUV, FIHRI 4 3R
A B E, R (13) AT, AUV B UG e 5
B, F 7 SR ARk O 22, AUV, 78 5} Tasks f 55 4 th 3R
JEE, T AUV B2 AT p, j BRI Tasks.

FH B 11 AT 0, 8T H B Taskg B AUV, 5 AUV,
PMETE R, B 12 0] 5, 3% & T 7Et = 45sB) AUV,
AT 58 Tasks Ji, AUV, WK 7% %5 ME 28 306 48 o5 8 s AT
FIAE 55 Taske. 254 P& 13 AT %0, B T3 HE LAY Taskg
BT s SR~ 4, KT AUV, AUV, BT I4 19 % PR E &
NV 3 T R A IR R, E R SR AR R T S T,
& 5% 4y BC AT Taske, AT SEIR 7 AUV 8] (1) & 1E,
Tt = 53 s, WAE 58 i Taske.

14, B 15 & E 167 %1, 3 AT 55 0 Bl 7 ik
1T 50 s J& A %t Tasky i H i 5 I T 65 s J5 58 4= 3
AT 5. AHEE B 13 77 50, 2 T DACLD #IAE 55 43 B 77
159 Task, 7t = 43 sHAE AUV R, FETF ¢ = 53s
I AT 578 )ik Taskz, 58 ITE AR 55, IXARIL 1 Firdi th 1)
DACLD 1+ 55 73 Bt 77 ¥2: it PRkt b v 827 L0 3L PRI A 55,
HA S AR5 AT ROE.

4 & @

ASCHET BN AW ST 3 o> LRI T i 2
AUV R G B AT 55 53 L v 75, 6 AT 55 1 47 B B
N [8]  25AR AH SR (1 1h SHE F, B H T — Pl A 2R
TR B TR B e OB, Al A R,
PR RPN B A S S DL Pt T
— P 5 NG SR B AE AR AT i = [
XT 2 AUV R4 5] N NS 2R 20 (i {5 e d@
15 AT DA R I /NG 725 2 42 55, DL R B b i 2 S B &R
SE 3Rk (References)

(1] ZEE%. BT AN 2 AUV W [T 55 5 B )72

BFSE [D]. M /R IS /RTE LR K%, 2018.

(Li J J. Research on multi-AUV collaborative task

(3]

(4]

(5]

(6]

(71

(8]

(9]

(10]

(11]

A7 BH. R BEIL A ik 3 Matlab S (M. b5t
Tk i AAE, 2016: 99-104.

(Bao Z Y. Intelligent optimization algorithm and its
MATLAB example[M]. Beijing: Publishing House of
Electronics industry, 2016: 99-104.)

. BT et WO R R 2 AGV AR L EEBE 7T [D).
Pi2e: BRPGRHEAE, 2017.

(Wang N. Research on multi-AGV job scheduling based
on improved ant colony algorithm[D]. Xi’an: Shaanxi
University of Science & Technology, 2017.)

GRS . T 240 SR A 10 SO WO B A R R R
) S AIE S [D]. 3B sGBE TR 2%, 2010.

(Yu X L. Improved ant colony algorithm research
based on constraint satisfaction in job-shop scheduling
problem[D]. Wuhan: Wuhan University of Technology,
2010.)

Behrouzian A R B, Goswami D, Basten T, et al.
Multi-constraint multi-processor resource allocation[C].
2015 International Conference on Embedded Computer
Systems:
(SAMOS). Samos: IEEE, 2015: 338-346.

Gan Y, Qu F T, Sun F J, et al. Research on path planning
for mobile robot based on ACO[C]. The 29th Chinese
Control and Decision Conference (CCDC). Chongqing:
IEEE, 2017: 6738-6743.

ZRWOL, R, Bbeam, & BT SO BRI 2L
S NAEF I (9], 2 A IR 5 R, 2018, 44(5):
55-59.

(Qin X L, Zong Q, Li X Y, et al. Task allocation of
multi-robot based on improved ant colony algorithm[J].
Aerospace Control and Application, 2018, 44(5): 55-59.)
B A, T SO O S 2 ML AT S5 20 L [D).
PEFH: PEBH LK, 2016.

(Ge S N. Multi-robot task allocation based on modified

Architectures, Modeling, and Simulation

ant colony algorithm[D]. Shenyang: Shenyang University
of Technology, 2016.)

WRT e, i SO 55E B T A LAR &l [D. ) M
B TR S, 2018,

(Chen D N. Combat planning of unmanned aerial vehicles
based on ant colony algorithm[D]. Guangzhou: South
China University of Technology, 2018.)

SR, AR B T o PSO S 1A 55 7 BE AT
FE). VHENL TR SR, 2013, 49(13): 51-55.



% 8 H

MR F A THERFHT

oy TAEAR G % AUVAE S4B 75 ik

1919

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(Zeng W Q, Yu A M. Research on improved
PSO algorithm based task allocation[J]. Computer
Engineering and Applications, 2013, 49(13): 51-55.)
Roberge V, Tarbouchi M, Labonte G. Comparison
of parallel genetic algorithm and particle swarm
optimization for real-time UAV path planning[J]. IEEE
Transactions on Industrial Informatics, 2013, 9(1):
132-141.

B, BEM, 2L ET AR N 2
RERPIME (7], B AU BB R 225241 EARBRA2 IR, 2012,
32(3): 76-80.

(Li L S, Liang Z W, Ren Y D. Multi-agent cooperation
based on imporved-acquaintance model[J]. Journal of
Nanjing University of Posts and Telecommunications:
Natural Science, 2012, 32(3): 76-80.)
Smith R G. The contract net protocol: High-level
communication and control in a distributed problem
solver[J]. IEEE Transactions on Computers, 1980,
29(12): 1104-1113.

Piccione M, Razin R. Coalition formation under power
relations[J]. Theoretical Economics, 2009, 4(1): 1-15.
Ve RN, 2R XU, 2 TR SE S SRS I EE (0], i
FHLSIARAL, 2012(7): 51-54.

(Tao X L, Li S Q. Dynamic task allocation algorithm
based on auction[J]. Computer and Modernization,
2012(7): 51-54.)

Cheng Q, Yin D, Yang J, et al. An auction-based
multiple constraints task allocation algorithm for
multi-UAV system[C]. 2016 International Conference on
Cybernetics, Robotics and Control (CRC). Hong Kong:
IEEE, 2016: 1-5.

KRF, ZRR, B E. £ BIGK LS ANZES
Sy EC R H AL ISR ). R ) 5 R 5R, 2012, 27(8):
1201-1205.

(Zhu D Q, Li X, Yan M C. Task assignment algorithm of
multi-AUV based on self-organizing map[J]. Control and
Decision, 2012, 27(8): 1201-1205.)

Lee D H, Zaheer S A, Kim J H. A resource-oriented,
decentralized auction algorithm for multirobot task
allocation[J]. IEEE Transactions on Automation Science
and Engineering, 2015, 12(4): 1469-1481.

. 2T AHLARGEII 3 [A) H AR 2 B AT LR 77 i

(21]

(22]

(23]

(24]

(25]

WHFE [D]. W /R e /R Tl K22, 2016.

(Zhao M. Research on cooperative target assignment
and path planning formulti-unmanned aircraft system[D].
Harbin: Harbin Institute of Technology, 2016.)

H M, R, T A AR 2t 73 A ICRE 55 3 7 T
ARSI EERFAER, 2016, 19(10): 1-15.
(Xiao R B, Wang Y C. Modeling and simulation of ant
colony’s labor division for interest allocation of social
groups[J]. Journal of Management Sciences in China,
2016, 19(10): 1-15.)

FIEHE, H M. BT WO 57 370 TR A8 2 Bl 5 v
SRA V-7 20 SR PR 5 T BT (] TS ML R i
R4, 2019, 25(2): 359-372.

(Wang Y C, Xiao R B. Space allocation method based on
ant colony’s labor division for circular packing problem
with equilibrium constraints[J]. Computer Integrated
Manufacturing Systems, 2019, 25(2): 359-372.)
P, PREEDT. BT RE I VRO S5 R 28 AR BN R UK
HEST 87 TR AL AE S5 7 B b RO R (0], R 4¢
TREFR IR SRR, 2014, 34(1): 84-93.

(Ju CH, Chen T G. Extended labor division model of ant
colony based on ability-evaluation and interest-driven and
its applications in dynamic task allocations[J]. Systems
Engineering — Theory & Practice, 2014, 34(1): 84-93.)
H M, EOCE. B e 257 80 > Lot et R (J].
F R, 2019, 48(2): 129-139.

(Xiao R B, Wang Y C. Research progress of
self-organized labor division in swarm intelligence[J].
Information and Control, 2019, 48(2): 129-139.)

Wu H S, Li H, Xiao R B, et al. Modeling and simulation
of dynamic ant colony’s labor division for task allocation

of UAV swarm[J]. Physica A: Statistical Mechanics and
Its Applications, 2018, 491: 127-141.

1EEEMT

WMEEZ (1974-), &, FIHEE, 4, NFEFKTHAT

. £ AUV RFEZEHF AT, E-mail: rainsun_ly @npu.edu.

cn;

F58(1997-), B, Wik, NEL AUVAES L5

B8} 7%, E-mail: 863025154 @qq.com.

(Githit: & F)



