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Research on multi—AGYV task scheduling optimization based on
improved Genetic Algorithm

TAO Ze, HUANG Bo
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Abstract: This paper focuses on the batch task scheduling problem of multiple Automated Guided Vehicles ( AGVs) in automated
warehouse systems. Firstly, the multi —task scheduling optimization problem in factories is abstracted as the Multiple Traveling
Salesman Problem (MTSP) , where tasks are treated as cities and the empty travel distance for an AGV from one task to the next is
defined as the distance between cities. To optimize the total empty travel distance of AGVs while considering task time window
constraints, an improved Genetic Algorithm (GA) is employed. Two improvement strategies are proposed: enhancing the crossover
and mutation operators by combining sequential crossover with hybrid mutation operators; and improving the fitness function by
introducing a time window penalty to enhance solution quality and feasibility. The experimental results show that the improved
Genetic Algorithm successfully addresses the multi— AGV multi —task allocation problem and effectively handles tasks with time
window constraints. Through the proposed improvement strategies, the algorithm s convergence speed, stability, and robustness
have significantly increased. These enhancements make the algorithm more efficient and reliable for practical applications.

Key words: task scheduling; Automated Guided Vehicles ( AGVs); Multiple Traveling Salesman Problem ( MTSP); Genetic

Algorithm (GA) ; time window constraints

iR, WA B AGY IUAE 55 53 L 4] 2

0 35 & eSS el s T RN RIPR S

TEBACHIE L, A 3 514 (AGY) 1 —Fif
KEEBOR, B2 Z T840l A Rt iR T+ )
TRACR MR A ™ A, AGV BB 3d i A 3l £
PESEELPR B iR Rz i, 250l N300, AT

JEE Ml M TG U5, 30 RERA P A 7 AR IR B AR 2 1
BEMIPE R AR A PR, N THRTE AGV REERYE
PR W URGE AN TR L 5 75K 2 45 B
55 73 BC AN L SR, LASE B AL FL AR | 426 4 5 h

EERT: M FE(2000—) , B W5, RS . AGV P8 RS kAT 45 5 B UL B . Email : taoze2000@ qq. com; 8 I
(1975—) , 5B A4 P, FZWFERE T AGV R, TOlAE B M = N E o Bk,

s BHA . 2024-09-24

Ve B E RN o745 4l L5 & A




5 6 1]

FRe, &, itk GA BIEIMZ AGV 1155 Za L LT o 227

145 sl sl /b e VA AR . e I AR BLR T, 3t
AR R L s 42 =y F-ORRE T, UM ff ke AGV 1A
JERRAE S TR, B A GE B [ R
WA S R BB E 2 22 148 R 25 ) p 3R B i
e , RAIE AGV iz 17 %2 et L T BB VR . I
ZAGY WA RGE IR T T Wim sk, i 2%
REAR T3z B A, (A5 ek BB S 7E 3 B 1Y T 3
SRR LA

MR BRI T — R TS Bk HE R
HIBR HE G BYE T T 2 AGV B, il 1K AGV ¥4
JE 555 53 Be i O 247 58 st A #RA4E , Lhise/ME
HeR5E TAFIRIA HARSEEL T AT 55 98 BE A A2 B4l )
(B 2 =~ SR ) N YA b 1 51 4 i <R F N O AR &
S5 oy BOAR A SRS I — 205 BT R 55 43
Wang %2438 PRI T — Rl T 2 0 56 s BRI Y 52
2% AGV ¥BAAT 5B ik, il IR AR k5
S RF LA, P T HlE RS R AGY 1Y
LISV, Hu S5 B0 Rl T —fpat T
1155 95 7 SR s Fdctin - BE UL A R G AT 55 o e Oy
2, AL BRES iL £ Fp B0 AGV {145 FIZ AGV 1155
(AT C ), b IR AF 5T 4R v 7 8 A AT 55 43 B ) 7t
b WIFHASEEE S B ET AGY TAEERALE T
BAS 4 T — el A K B R T R R4 TR
AGV {155 r e (HHIE VS B WA B, T —%2%
BRI T R B AR TR | 3 g et A
1B KB RN 2 o 446 AR MR Bk, SE B A s i
RERARS S AGV B4 RO B, 5 2 AR R AE Ml B ]
PhORCR ) Li SR R T — Rt i A 4
RAD: B ST IR | T A 0 far b o 22 M AT
55 A B TR TR 22 | S B T 7 R AT 55 4 Bid A
JP o SRR A B AR A R A 4R T I B3 ik i
SAOHRE (4 1) 11, A B A2 0 MR T — AR 4
AR KA T2 AGV Ofif R GAE 553 il
b, B ERTAL, ZEIEEAFL S A T A
RLRAR T BACHY , 48 TS A R R | R
WMTESHASIREE N AL PE SR, %07 e b B AR
F V3 A v W S B g FH S AT 7 i — 2B B LT 154k
W A R A E N £ H bR e - 22 ik
B RR A PR AR R I 2 AGV TR )R A T
Ak, WS i ik S T ARSI B B AR
SEZ HAMEAL ANt , il EAg 224~ H br 22 18]
(R h AN T IF R IR A MR T 5Y, O T B 452
H U T i/ ME R R 58 TR R Fe/ b R AE 1Y
K Mt i HFREY AGV AL TR % H i i i 4

AT e PR v B SRR AR R, AR,
ISR ) 52 2 AT R PR ) 7R S bR 3 s B R
Zhang %5243 U B BOIR A 80T AGV PR BERARD 38
IR AEAIEI AL, R AR T TR AR P 7 2 i 4k
AR ARG EINAS , (BT 48 B 5T R BE 4
ZIE R FE A s A R X RCR W, R A
B s £ A A Bk 00 22 B AR AR R
RERY X ML ZE B H 5 AGV 8 BE [a] i, i)
BRI B BRI AR A e T A, SR, Wil wfg £
AYEAR SRR FH P RS M SR AT i — 45
SCIIOUE, ARHI A A eE Y B Ak i AR Rk
(IGA) , I F 2 Wiz L5 AGV BERFLKI, ik T
AGV S5HE#LAILEL A AGV BRAE LA K £ AGV Ayl
R, X — 7 IR B4R O R AGV I B Hh S
PR Al AR 3L T 3 A S

Mahmoudinazlou %?%‘:15: B 55 R FH IR & st
AL RO Z2 iR A7 7 1) A ( mTSP) |, 38 1 20 725 1 %]
AL R R AE A F A i K AR K, R T it
RR 2 2% 8 B2 ) b f9 ¥ J1. Gutiérrez —
Aguirre ORI T —FM 2B G RL, B
T gt DR A7 7 ) B0 10 L P ] ) R0, I s e die /M
05 8 AT 55 (BT T] AR, 12 1A SE B R R 9
Sy IR E A L AS S T a S 7/ e e
FLTI P T 454 NSGA —11 F1 CSA [ INGCSA 44
L TAL R IG 4 h AGY SHLE By B, S
FEO LA R R e PR RIS B AT Ao
HU LT IRE SR AL S B A 2 W R T
AGV SHLES A TR S0k, BB T8 e b i e B
FVARE MR S, TR E Y W AT
AR B ORI SEI T 2 AGV ALK A Bk
WERTTE , W2 AGV BARILALIRIt TR, 8
I AR Y ST ERE R R T R G A
CIER AGV RYBUR L & 5 R 32 1w AL, 75 $ TR At ke
JE I R I 32 i AR O T R B S WA S
VB A R R A UYL T AGV 2
T B TE AR 2R b 42 8] 08 B () B, (H 32 22
EhF Ak B bR, AR T8 BT 55 1 [ 1 Fn 22
HARR B 2, R S S 5 7R 45 3 TS
TR (AT A A B R AT 55 5t IR o A2 H AR
JE BOAR TR A 1A S o B A Bk, i
—HARTF T £ AGV 155 S HERN I (0K

Xt Ash i R £ AGY 1Y AT 55 43 i i)
A BT i A AGY 1Y% Bl S, LT
e AR E A 249 4 55 000 T) e e = 42 55 s 1]



228 oo ®m M5 M OH

16 %

TR ARG BET7 ik kL T REL A (PSO) 12
B PRI Hh T W A S R 1 1y R e G Y 1] R
PR, AN SCR et 35 A5 50k (GA ) IR HAE 4 Jey 1
M NP TT R B 1S AL B2 AGV TR EERY
ZAE, B 2 AT 55 i HEDL AR T 52 0 22 iR A T 1 ) At
(MTSP) , 51 AR [ 5 2950, 255 % 18 AGV 1 =5
60 S R ) A, A S B B8 55 0 B o 2 R
PP SURIR 72 52 0 AR m PR BE SO JE e
Ja T SRR A T IR A

1 % AGV AEEES X iRkITH B

1.1 % AGV HE#ESR

A S5 £ (AGV) IR RIS N BE T, )z
BT TokA =, 752 AGV JEREERFFE b, 38 &
WLAF %A%

()35 X A AGV VRV A5, 1% 1 6] A 18 ¢
HE AR,

() RGHH N GIEF BT AGV, TAEM T
HIwhse,

(3) A M AAES BTSN — R 2 3
Fi—AEN A, ZBEAE L ]

(4) AGV R BB 48, B IRAA T — 55, HAT:
FBE R AGY s,

(5)AGV LUfH & 3 B 173, 220 W% 1 28 Fl o 25 X6)
oA

PRI BB AR B S n Fm AGV BUE; m %
IRATS B 5 1, %R AGV v, ATIT S a, FTT (
5 d, 2R AGV v, (T BEEERL ; di! F7R AGV v, 1
TS a, 2 BEERL ; 4 F0R AGV v, RR AT
% a, W HEETR; v RN AGV B T,

ASCUBTA AGV 1 AT f/MEAE R LAk B
bR, WHEEH AGV SRS R d,, dy, -, dy ,
URER NTEA o

min f = Z d, (1)
TR~ AGV gk i R0 i, Ak T i
AGV B BT RS R T i MEH B AT R (RS i

BAR) VEMAL Hr, BFReRECH .
min f = Z d::‘l“ad (2)

1.2 EESIRITE @A

BT 2 AGV 8 B2 [n) B 42 Wl 22 ik 4 7 15 [n)
(MTSP) , HA ANk T s AR —A~ AGV {155 a,,
P value g !, Ho SUR AGV PATIZAT 55 AN

A BER R B TR EAT R A IR S 1 — 3T
T3 A ARAN Y T4 o, B9 BARZ E BT 55
a,,, WS AERE . £ AGV VR M) 42 MTSP 7
BAE s, B s B C s R B R 1 AT
2 ZIAI e B 2s B B, I kT =2 (R

B A NIFA AGY A B Y, 4,

23 B R

T (4155 )2

W (551
1 £ AGV ifEEEiHg MTSP ~EE
Fig.1 Multi—~AGV scheduling problem abstracted as MTSP diagram
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Fig. 4 Experimental comparison of improved GA with different scheduling strategies
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