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Event-driven immune network algorithm for multi-robot
dynamic task allocation

CAO Pengfei, HAO Kuangrong, DING Yongsheng
(1. Engineering Research Center of Digitized Textile &Apparel Technology, Shanghai 201620, China; 2. Ministry of EducationCol-

lege of Information Science and Technology Donghua University, )

Abstract: To realize a dynamic task allocation and collaboration of multi-robot system, an event-driven im-
mune network algorithm for multi-robot dynamic task allocation is presented. Inspired by the working
mechanism of biological immune network, a multi-robot task allocation and autonomous cooperation mod-
el was established in this study, based on Jerne’s idiotypic network hypothesis and Farmer’s antibody dy-
namic equation. Then, a multi-robot dynamic task allocation algorithm was designed based on event-driv-
en mechanism, and the anxiety model was used to solve the deadlock problem. Simulation and experiment-
al results of multi-robot system show that a multi-robot system based on this algorithm has strong adaptabil-

ity and independent planning and coordination in dynamic task environments.
Keywords: immune net work; multi-robot system; dynamic task; autonomous cooperation; event-driven

H T 20058 A 2 50 1T LA 4 Hb S (S B R A AR 2 AT, LA AR o S R
VAALED LA W R AT R A Tuﬂz Rl L 4T 25 4 T s o 4\%@@%@%9@
HOHNE R AT 5, T 20k 0 3178 B AR 7 ale%n PEFH, R A 27 25 T T RIS 34

FREEGEM | IS B L MRS AT R XA 1 Fﬁ%a,@lﬂ% %?x%tﬂTifF
LA BT 55 Iy e Bk, KA T4 AL
e H H: 2017-07-20. % H KR B 3 : 2018-04-10. il AL T A B ”A‘“Mo - 2al

BE£mH: LiFdR2ERR 21 i H (16510711100
e LSy OO0 gt e S 24 5 ol 7 SR B B3
BIS1EE : M6 5. E-mail: krhao@dhu.edu.cn. N2 56 ) 8, B — @ SR . (HRL BRI K


mailto:krhao@dhu.edu.cn

%6

G K, S5 ) 2 AL NS AT 55 53 O B SR K Bl G 19 2% B 1k © 953«

#ROE ] T S SUE 55 (5 R e e Mry s, Xt
TRl R B A A, o e BRI ANE 55 s
B, oIk B FIWAE 55 &, T 2L NTEAE 55 Hh
FTiE H EUME R R PR RCOR A SR PR

He W) o R G4 R A AR ) R SRR B 2T
HA BRI M e R A E RS 2
JE R AR SR S s B A R R 2%, 5 Z AL AR N R
GG R G AT L, M 55 23 il 5 DM AL
B, IR A S 2 B T 2L A Sh s
155 73 BE -5 DM, I 5 1A F B AR Y R fi AT 55 5
B, i 2 LA N R GLRES 18 3 BT 55 . AT
F5 HICIE SR OEH E A R s rh L BT 55 AR Y
M A FEUME, R RE PR AL AR
2100, AR SR N T M 1 ER A AR AT
55, 7 EL AN S 56 3R WA SO RE RS A AU BRIt
KB BAES5 rBC AL

I SMBAES SR G WIEN T
W 45 A R

1.1 %R MW

Y RIE RSP E A EY RGN BT
i, EH S A T o A MG B RE MR, LN
FESZ PR T AR, 7T DA E RS R e Pk

1974 4F Jerne $i& 5 9 21 45 78 D) 28 {1 Ui IA
W) FR 8] DL AEREAS By i 3446, 38 sk 240 i 1] 1) AR
AR, IR R B K A B A K B R

TE ML HERE B, Farmer 2512 42 0 17 A 19 3h 25
TR, RGN T TN

N
A=A - 1>+{%Zm.,~,-a,-<r— -
. (1
%Zmikak (t=1)+pBg _ki]ai =1
k=1

a;(1)=1/(1+exp(0.5-A;(1)) (2)
s A T at) F 53 3R ¢ B Z0PTAAR i Rl 7K
R E s oon B VER REG b, FRRPURIIIET;
N RAGURECE 5 my, 1 my, 53 5136 R PR ] 9 35 b
FI G 5 g e PrAR R R -

ZWRE, BT EMEShERTE TN L
BLAS NAT 55 20 B, 2 BEA: W) G s W 25 BB, K o
PEW 2 5 5L PR ) ZHLER N RGE AT, W ¢
RN 1, BB —Fh ZHLER TS5BS PMERIRL,
12 ESHSESMEER

B 0o — 7 DX 8 PN ) P R B AR AT 55,
B A 22 A [ A8 5 S A BIL A N ST B S B .
WABE A m DHLEF N R (ie(1,2,--,m))
n MMES T(jell,2,--,n}), VLA N R, BATH N 1)

RE L f; 0 B2 (L v, B 30035 BT 55 B A R I
A 55 B[] ZE0K, M0 i ml LS i s i 2R 4
AT A5 WAL E, (HTETERAHE 55 19 B AR5
B AR5 2w 2 LA NUME, F5 ZAEAE 55 1R
Frid e b sh 050, g 2Pl s NP 5 i X 8
NG B AR AT 55, ARG HLAS N FIAE 55 4
SRR,
F1 NBARZSEYRBNENRIXR

Table 1 Mapping relationship between robot system and
biological immune network

W RIERGE EZIR I

PR 5%

EARZS UIEEIN

B2l P

T4 LRI RED
BLpER 2% DR YN ELE S
PR BLEF ANFIE 55 Z 6] A3l

DU I BLas NS HLER A Z [E 3

IDEIRLSSENNEY 4

FERTUR 2], AL 0] AOAT 55 0 B, B AR
PEAT 55 X HILAR A0 3l HE A7 e 8, AT 45 X I
ASPLEF N SR B T HAR AR 32 AT 55 O AE 3 3k
WK WE AL R, TS j MMESS T Z
WU R g ¥ HE U

¢ = /llfzi’l; ;;lzpj 3)
A Ay Ay A AR HR 20 PR AR R £ R v, AR
MLER A R, BE T (E A BE /D, d, AALEF A R, FI
1E55 T, Z [ BE B KN, p, FAESS T AR B 9.

PR IR L NCER NI

R 5 b A 70 A 58 I 485, B AR 22 Tl A A
Jilho FENLER N BIRARNATE 55 S5, FHLEs A R, %
BIAG FH B, 00T B 5 AN ILER N, DAL
RUPRAF BN EME . ZHLES A R, BT LU SR () A 7 B
Ay AT 55, DU HORE 25 5 HE A ML A 7 A 0 il 4
L AR =AW E . BALER A R XTHLAS A
R 7= BB R my, Ha g SCR

= A fivi+ Asv; @)
! /lsdij
K g Asy Ae AAHREER 5 B R BE R AL, f AL v, Ry
FIRIALES A R, W RE S (EFH A, d, FPHLES A
(i) 8 D LG HE B, 2 A5 1 76 T 55 b B ML AR
23 PRAILAS B R, FERT A DM AR
3) ZEA T
MBS E R AT 55 15 25 10 i e, HETR 2



© 954« O R

NN
N

S H13 %

MR 2 B B BT AGUR B 28 5 U DR e . 25
5 VN R A 55 P AL A BOURD LA S AR AT
55 BAL T AR R R HIL AR AT IZHILAR A 3800 3 W] 4
B, LAk 58 L A% N B9 AR 55 20 e 5 PR A, X
Ay FAESS T XL R, BOZR-G 3, R HE SO

N
A zazmik +B8ij Q)
=1

e o pAAHRLER 73 I8 S 4, N WTEAE S T,
SEEEIBL AR NBCE my A HILAR TR A B W
gy WAES T, Mblds N R, Z A R BUAN (B . HLAs A
AR AL B 54T 55, AT A 55 A0 T 155 B IR 2,
SFERFERAME S5 L BHLEE A 2, AT 55 Bk 4%
A RE AR, AT RE PR 15 B M

2 EREWHMEINBEADSE S
e &

FIFH SCH 32 19 4 B AR VE B R, B S BT
55— KA BL, FEBLIERE 51 ARSI HLH",
fli ZHLE8 N R G 0T LA [ 386 I b Ak BB A4 55, IF
ISR PR ALK i AT 55 FE 40
2.1 BEESSE

F 45 Th R E ML AN FE 55 BRIR AR an & 1
Ji 7, AT SRS LA A RS A0 B R, R 5
BCAT 55 W0l 25 IR ML as N5 A8 S B e AR S, a2k
IAILAF N R LLF AT 58 AT 55, DUAT: 55 5% A8 S AT
A A WE 55 528 AR U E, & TREDMERE R
155 AT UME 6 28 R 2 o BOIRAS, S5 1 UME
BLs A K B 1] 3 45 20 B i 584 45, 0
1155 A MRS FE 8T 01 8 5 A BOIR AS

(b) MLER RS K]

B1 #EAMESKERSEBE
Fig.1 Robot and task state transition diagram
AR 2, BT A AR 55 A TR BOIRES, Blds A
ARAL T 25 RPIR S, B HIL & A2 R0 R 08 4 A
WA A RS, IR PL AR A5 B L 55 #8
AEE, W EHRAFAHRAT 55, 5% 728 0 B 245 ;

TSR R B b g, T € A AL AR N TR IR AT AT 55 Bl
R AT B AMAT 55, AR AT: 55 3 Al [R] i), Bt AL
SECRAAE 5, Hablds NEH keSS, FIE
5557 BB, B HLES A [R]— B 2] H 15 28— MME
%5, H YALAF AL T IR BBCIR 28 B A RE B AT 55 BT ik
Jilh, AT 55 Ak F S5 F5 A2 RDIR S B A 0T AXF AL A
PR R AE
22 HMTBEFHE

FRASAT 5543 Be 7 ik HAT DU o 2 HL a8 AT 55
B — KA BL, 7E B S ab b5 A 345K 3l i AL,
MR G LR AT AT 55 5 B B AR AT 557
Az, 38 S S ek & TR EAT A, DA R A
EIE e T

R, s A0 F A

O RGP A AL

@ ARG A VLA IR h TAEFE AR 25 N

@ RGP A LA RS F AR RS IH

@ 258 LA AR b il 7 22 S S5 155

® RGP A L N LT

AR IR AL, S R g Aan EgF
KA, ik R, 4 T2 FRE B LSS N 1T
FRRAT 55 15 45
23 EHILPIER

XF—MZUIHARRN T, ¥H KA
5 He, B DX BT A AL R PR TG i 58 AT 55
A FERRE", W TFREREN S, T 2L
a NBENE H R R, Rk &R B TARIRAS

T AEALER KBRS B MR IEBUIRE, 9IA
— PP AR BRI Y AL A ] BTG 8 A
G5 AL T 8515, R o WAl AR R RS 4L 2
ik B — 1y b B, HORE Sk 5 X AT 55 1 A
R, DA SRR 101 2 23 PR S, il L g 6% U By Ay
I FAERPRE AL NS AT 55 -

i % L.S.Farhy 42 H B9 30K 0 b B,
N ARG 5| A B 25 PR S WL Ry

F@)=

(T/H"+1 ©)
K TOHEME, ¢ BT E A&, 2 o Hill 7%, H
n=1,

PLEF AAL TSR RS 2 i R, Y H
BE BE C I, Hlas NS SR AR 45, 3]
25 RRES, BWLER NS XHZAE 55 7 A i 1e, it
FEZAE S5 Ak T R 0 BOIR S B B RSk £, Fa ATER
FCHUIRAS . IR 554 T UMEIR S BT, FEXHZ L
i NI o ss 4k, KB X=X (7) s

8 =18 (N



%6

G K, S5 ) 2 AL NS AT 55 53 O B SR K Bl G 19 2% B 1k © 955

Kb g APUEXT PR BN R8s n MRS
e, 0<p<1,
24 HiEmE

2P ANR G, RHIREG &5+ 523
SOV YR, R S5 v O 22 E R AL AR N, SEEE
1B 55 W43 TS, ] DRI 0 45 3 15 T4 €, A E R
5 — SR ML g A GE 2 W 45l AE, SRR A R
W, ZAHEIATIE T HIELBRNT

O ¥R LR EYURPUAE R

@ I8 WAL NS R BATE 55 Fn i b
155 W 255 U

@ &L AN B BB, A S NE
%, AL AR5 3

@ HLAF N H W he &
TN F B

© Pl NRES T, FFflE, 7 321Q), 5t

T 1Y 25 PRMLAER DM

© MLEF A [ 8 M 58 BUH RAT 555

D ZG L E, BN RS

@ RAETF, FME, HROQ,

BIEM R AR R WA 2 B

6

AL S5, A REBER©,

| ROV |

v
|;Wﬂ%k@éﬁ@ﬁg{=

| fEoikst, HL%&}\%&MWJ

1l El M EIAT

A
HLas R T

F ik

B2 ZHREANSESHERE

Fig.2 Multi-robot dynamic task allocation
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