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An Improved Migrating Bird Optimization Algorithm for Multi-AGV
Scheduling in Job Shop under Delivery Constraints

YANG Tianci?, TANG Qiuhua'?, CHENG Lixin'?, ZHAO Lianpeng'?

(1. School of Mechanical Automation; 2. Key Laboratory of Metallurgical Equipment and Control Technology,
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Abstract: In a matrix-arranged job shop, the finished workpieces are transported via automated guided vehicles (AGVs)
from processing stations to downstream material supermarkets. This process needs to satisfy extremely tight time constraints
of downstream delivery to stabilize production flow, reduce work-in-process inventory, and minimize transportation costs.
To this end, a multi-AGV scheduling model is formulated and an improved multi-objective migrating bird optimization
algorithm is proposed with the objectives of maximizing on-time delivery ratios and minimizing transportation costs.
Specifically, objective-oriented delivery time determination and AGV allocation rules based on the earliest delivery deadline
are proposed to achieve feasible decoding with no delay and minimal inventory. A Pareto front advancement mechanism is
facilitated through a greedy operation combined with an ideal-point-based local search operator. A two-point crossover
operator and an acceptance criterion of inferior solutions considering high-value information are proposed to ensure the
diversity and convergence of the Pareto solution set. Experimental results indicate that the proposed algorithm can solve the
problem effectively, achieving superior performance in terms of IGD and HVR indicators for the obtained Pareto frontiers.
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d(m) N, ZRRI LA TERE AR .

BXT JS-AGVS Inl L, Wit T MR R E
T RIFGEAEE 7 RIEET S5 M NREH 707,
SRR ST R AT R — 2R B 2R 5 3 T N AN [ 11 i
e, BEMLIERE TS A BT, HAb A E
TRFFAA . BT S MR 1036 N AE 1 AR LSOk
[17]. EFSHMOBNIEER TR RENH L
P, (EHIFEERER, FHEEERA . B,
SR FH — b B 2 B RS AR b (38 M B i B R
A, =l (27) B

_ 2n/10

3ni0°

Hrb, nARESE. NAKXF TR, B
BTSN, MERK, ETSERNEAN
AR T R 2k o

Wk, FETHE SR ESEN: 1) AR
—A 0~ 1 (W BENLEOE A & P 5T IR B A
SR BME po 2) HiZBENEANT p, WX
UHTREAT 10 RIFBHRAEE T, MR 10 446

27

AR, e BPE 25 ER A A o B0l B RE o B A Y T
mo S, REE YT, TR LRDER, EEISC
XPEEANFRFEI BT . 3) MBENLECN T p I, X457
fEPAT T S HE MR NBAEH T, R1F n A28
fift o [RIFEIERCH A B B AR S o BT HI i o B 42
Hiffm, BN, CREAUATE. PE3F Bk PER, HE
S BT AN e (1) B 3R
2.9 EIRIEZR

B P vk 3 BN R S RN 4 fe 48 R P T T AL 48
RAeST: 1) T I SRR A 2R SRS A 2R
BEAEE T, 1RE R e 2) Wit R =Y
EAE B A XM 55 fige b 52 ), {2 Ji Pareto Bl
Wt . BAREERBED T . AETHE, e T
DLINARE: PS RRVIE S BRI, pRINES A
AR AR, y RN MBS T
—/MEMSLE AR, GAKEIXREL, TV
JE, aBHER,

W2 1. 2ol 2 HAnE SRR
HiN: PS\ B+ v+ Gu T\ ao
BB, VI ST, BRARENLYILEI S AT AT ) A R )
GRS, 5T Pareto ARG RMIASIE R HATH T, ¥
HEE S — I MA R RS, HRARILNUT AR X 5 B e
FHFA R CEBASIH ., RERER S g=1.

W2 PUTKEERE, EEe=G.

SB2.1 RS SREEEPAT AT N ERAE
FEl S840 7= A pANTTAT AN AR, ARAE Pareto (5 (L FIHA G IE
SHEF, S M. EHLMEA TR,
TR BMRFEAA . MR T BAT AR IR Iy AR
filt, TR /A BB AR C S L = 4 PL/PN.

PB,22 BECEHAN. FENAER— N, HHAT
0.5, PATETFNERE B IRAE, B AT ENEAE,
HEAWB-—y NAATAL MR . B A 1T L =R 4 PL/PN,
A A AT BR T S AT IR AR, HHBETE S — IR S AR iR
AL, A RE T LI R s A U T S D g AT
BRERAT . R b, I R T AR 5 B L = R 48 PL/PN.
BE LREE, EETER S5,

BB}, 23 THAELEMALE EA.

B 2.4 ETHESNRTER. BA9ram5IEx
BCARAE BA &1, X HHT R 2 1 8 0k i 4E
BB, <G, Mg=g+1, BEFHE 2, FNA g=1,
B 2 HA S BEATLRS 20 B 20 5o BAA I R, S S ATk
XIEREFRHT B — A ERA T —EE S W
AT BAF BN S — AR AT 2 3, SR A ) 45
B
PB4 LR KARI, R LR, W R AR
Boffes A0, BhESE 2.
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Table 2 Information of task T5I1
NG TR ) IMMBO H2:vERE, Wit A e S T éf;ﬁfﬁﬁﬁi B iEiE B
S N O S A R RE AT HEXY . BT G e kg R L, SN MR T
V2% F MATLAB R2019b 42, FIACE 9 Intel R M g MR HE
(R) Core (TM) i5-12600, CPU@3.30 GHZ, 16 GB b2 (03 8 A0 ers 12020
RAM. y\j'f%ﬁEXﬂ‘ Hﬁ /L\\E}Z‘ri , /l\?}rlﬂ iﬁ%ﬁu i)ﬂ\“ ‘Liﬁ 20 2 46 (27.5,52.8) 41.8 100 646.8 1310 3 2
ﬁ, j\i_ﬁ%ﬂ:lﬁ [‘Iﬂj‘ﬁ ﬁi’;jﬂglgN. 105, ;H\:IZFI Nj'\j;g,é 3 96  (55,52.8) 143 196 619.3 1406 2 17
Wqulé\/f{%ﬁo 4 30 (16.5,88) 88.0 280 693.0 1490 4 15
5 54 (33,35.2) 36.3 360 641.3 1570 4 20

3.1 REERRIENIRE

EFxF JS-AGVS [, H R A BT AR
MR . Bk, 78— NTELM R 5 = Wk
(http://soa.iti.es/problem-instances) ] AGV i F& Z
LR LTI N BIE, PLAE AL JS-AGVS E
o MRE BT 5 T M Z A BURM I 5 53 A0
U[1,20]; 4 Fhisiaik 20 n sfr 8 508 {0.75,1.05,
2.054.5); B A AGV — AT 2 i 2 AT 4 ME
%5 AGV {5 E5E S ALKRA (60.5,44); 1558 M BIIRHE
TR N 302.5; B & AGV I KEE N 2005 H
G AGV PUAT BB AT FE 10 5 I BUAS R 100; 4712
BB B FTRE R I ACH 15 S SCHR[18] LA AE BR
5 SR A = MW G 1 BAT 45 00 T 56 B TR) A 22 B
Y, W LB AR AT A P B AT S B R

SR 50 4 PRRUASE: SR 1 (TSI1-TSIS) .
ZAI4E 2 (T1011-T1015) « FEBI4E 3 (T1511-T1515) «
ZAIEE 4 (T2011-T2015), FT¥S K (1 AT 55 5050 N
{5,10,15,20} . BEE SAT S EUOIE N, X AGV
RABEZ G0, TE AT BRI, AT Z (AR
B, AGV Z AP A R B, 8D AGY
% 32 i B AT R I8 TR ok . (H BE A AT 2% H0
I, WEZH AGV RAFAT S Z M5, LU
TRAT S BB SE R, R m A= R B E. AR
Al RE A B D B AGV 25 58 I A BB i AL 55
2 RS, R IRRE S AR AT I T R AE LT,
WE 5 MESS B N T T AGV im0 708 (2,3,7,8)
DA TSI1 N, 362 #8007 HAS K EHE R .

AR T HVE R VP, K AR 2 (hyper-
volume ratio, HVR) . ¥ X fE & (inverted genera-
tional distance, IGD) “{E N EM F8 45, 1GD 18 8 /N
B HVR K, BRI SIPERN 2 P LT
32 SEKW

HIESH B B E AR R BRI

Wi, PR AE X SRR A, R RS AU B 2
FIERME, DI IR R0 AR B R RE
PG SEIPERE, T AR 8 N, B

TRICAE S P 00 T A REAT Ria 1T

AT

HHEEEAF

MR E SR E . FADHEBIRME 20 &, T
IGD {f FL IR F B S 38: 5 906 3% AN A 1 2 4
BEATIRE . ZHIRET RIVENL 3.

£3 EWREASHRBER

Table 3 Parameter verification results of test algorithms
% 23 K Jingicy
FhEFRLL 11,13, 15 15
AR H 5,6,7 7
e s 2,3 4 2
IMMBO
I [a R E 5,10, 15 5
VIR 0.4,0.5,0.6 0.4
BHIRET 0.90, 0.95, 0.99 0.90
FhEFRLL 20, 30, 40 30
EMOEA T XM 0.7,0.8,0.9 0.8
A shRIE 4,56 4
FhEERURL 60, 80, 100 80
NSGA-1II & 0.7, 0.8, 0.9 0.9
RARH. 0.1,0.2,0.3 0.1
VIR FE 0.5,1,1.5 1.5
WHIA T 0.90, 0.95, 0.99 0.99
MOSA ]
TR AR AL R I AR 500, 1000, 2000 500
EN=R/e 4,56 4
BN 80, 90, 100 100
MOABC N
fi e R AR T AR IR 5,6,7 6

33 MEHEFHRIENMN
ik 2 H bR % S A AL SEVS (IMMBO) #E4T T
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4 4besitt, BEBATER TR, B
e DT ELAE B A R 58 SCORTREE 2 45 52 1 U (14 (2R S 1% gk

ARICHE SO, 38 L BRESZHEN] (MMBO _
GTL) . k)5 %Ki (MMBO_GT) « F %
R A A X HE T (MMBO G) Mt v, HER
RRGE 2 H g SRR E (MMBO) 19, 7
HA,  FHOCSEG IR R AE T V2 A R .

KA 8 AN MK ZE fl: TSI, TSI2. TI0IL,
T10I2. T15I1. T1512. T20I1 & T2012, % 8x20x5=
800 RIS, FRAFE 3 B oxt b

1.00 + }
v 0.95
>
T
ﬁmoo
z
RO
0.85
0.80 b n L L
(8] € 2 Q
@@ @&7 §§§2)O $O/ @ﬁ\
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0.04
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>
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B3 95% BfEKFT 5 WEEMN HVR 5 IGD &
Figure 3 Average HVR and IGD values using 5 algorithms
at 95% confidence level

SINTRTRN, LA PERE AT B KK E IMMBO>
MMBO GTL> MMBO GT> MMBO G>MMBO,
UE W Bk 8 i AT 2. RN R . 1) /£ MMBO
Fmk F 5l N 3EH T (MMBO_G) J&, IGD fitr &
EHE, (H HVR B A K, iE skt pr e
H, HEFMMEAR, MREKART: 2)5IA
WA X E - (MMBO _GT) J&, & RiREMER:
Pemr, PANTRPR A AR LY, SRS SO AR T

BAHERR; 3) 9INE T HA SRS R R
(MMBO_GTL) J&, Jm#i#Rae 7115214527, Wesk
PEFN Z B B B O3, R T B R D AR i 9
4) 5l N$EZUEN (IMMBO) J&, Bk T R &,
AT WA S RN B M P R AT . MR TR 4 PR ELE,
IMMBO [ fife Joi 2 A Sk i 2 5 32 7, RE6% B8 et
RAF AR -
34 EiRMREST

VA IMMBO kg A HERe, B 5 ot
T PR A SR HE 7 8% B (NSGA-TT) 19, £
Hbr N TR (MOABC) ™, £ H FRBLE -k
H%: (MOSA) i, £ Hbridi b 5H % (EMOEA) Wik AT
SFE e NRIE SIS AP, SRR VIA IR A R T
KAHFE . 3R 4 RERIER, IS NIk, 4
FEXFAnE 4 frso

ST UL IMMBO SBETERTA 490" HVR. IGD
fabs FHSEUS T miraE A, WSR2 FEvE B35
e, Rl B A BORIRE 5T, BRI S,
BFXF TSI ~ TSI5 1) 5 AN A, 5 PpEEI RE
FRBNVE TR B BEE R BB L, IMMBO 1R
WAINEE, £ HVR. IGD WANEFr Firs Al .

4 Zit

B 6h A2 T W BR 1) i T4 7 2 AGV 1 B 1)
B, DL 360 R iy S I8 B AR B AR E AR
AL TR G R ERRIBA, FH T Sd 2 B AR
i S PALHE IMMBO) SRR fE, 3R45 1 USME S
oy EFETE R FEETTBRW R .

1) $2& 5 T e 28 B I 22 A B R Al AG YV
SECRR, SEELT EIEIR . DAL ¥ AGV A
21 H A%

2) $H ot 2 H bl St B, PRk 3x
B, ERTHAESAWRTERE T, AR ERMR
JRARZS1A], JNIE T Pareto RTVEUCEL: Wit E N
EAS B A XS HHE N, #8755 T Pareto HIHT
fRAEII ZAEE, Rt T RIS R IIR S 2RI RN
AR .

AR RAF T T AR T T AN T4 1) B3k 3126
FCLkidl . 25 FE 7 Bl B A 7 ok A rp AN B o M TR R 1)
Z i AGV A HE &, FMARFASHNE
ERAHERE, DARRTHEIETERE .
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Table 4 Average HVR and IGD values using IMMBO and other comparison algorithms
HVR 1IGD
ZH AGV & NSGA-II MOABC MOSA EMOEA IMMBO NSGA-II MOABC MOSA EMOEA IMMBO
T5I1 2 0.93 0.94 1 1 1 0.004 0.010 0 0 0
T5I12 2 0.87 0.98 1 1 1 0.012 0.015 0 0.004 0
TSI3 2 1 0.97 1 1 1 0 0 0 0 0
T514 2 1 0.96 1 1 1 0.001 0.007 0 0.002 0
TsIS 2 1 1 1 1 1 0.008 0.008 0 0 0
T1011 3 0.82 0.91 0.95 0.99 1 0.052 0.040 0.007 0.012 0.001
T1012 3 0.73 0.81 0.95 0.99 1 0.073 0.023 0.005 0.012 0.001
T10I3 3 0.81 0.90 0.97 0.97 1 0.033 0.026 0.004 0.008 0.002
T1014 3 0.83 0.84 0.98 0.99 1 0.028 0.021 0.004 0.007 0.002
T10I5 3 0.80 0.72 0.97 0.98 1 0.042 0.030 0.002 0.003 0.000
T1511 7 0.71 0.74 0.89 0.90 0.99 0.026 0.024 0.016 0.014 0.004
T1512 7 0.73 0.74 0.88 0.95 0.98 0.019 0.021 0.009 0.007 0.003
T1513 7 0.74 0.78 0.91 0.92 0.97 0.017 0.014 0.012 0.008 0.003
T1514 7 0.73 0.79 0.92 091 0.94 0.021 0.020 0.013 0.010 0.006
T1515 7 0.73 0.77 0.91 0.96 1 0.021 0.019 0.011 0.010 0.003
T20I1 8 0.64 0.68 0.83 0.90 0.97 0.029 0.028 0.025 0.025 0.014
T2012 8 0.62 0.69 0.86 0.85 0.96 0.031 0.028 0.022 0.028 0.014
T2013 8 0.66 0.69 0.85 0.86 0.95 0.034 0.029 0.024 0.030 0.012
T2014 8 0.67 0.69 0.84 0.88 0.96 0.032 0.025 0.022 0.028 0.015
T20I5 8 0.65 0.69 0.84 0.84 0.93 0.033 0.029 0.023 0.036 0.018
100 F $ 230k
0.95 } [ 1] X856, A, Bouk. VR 20 A0 Ah T 5005 SR AR 5 B 7] 20 A )
o { P (1 = B BB 2 A R R i (], 4 ) 08 5 R H, 2020,
z %00 37(5): 1090-1102.
.N‘_:\i 0.85 | DENG Chao, HU Rong, QIAN Bin. Hybrid estimation of distri-
% 080 L bution algorithm for three-stage assembly integrated scheduling
problem considering assembly synchronization and delivery
0.75 1 punctuality[J]. Control Theory & Applications, 2020, 37(5):
0.70 £ . . . 1090-1102.
YT F S [2] M8, W56, R 0. YDRHILS 52 SRR 1 KHLRS )
& © v & $ e PR EN AT E ST IR, TR KSR (1 SRR AR), 2019,
0.035 47(5): 723-730,738.
0.030 LU Zhigiang, HU Xinming, ZHU Hongwei. Dynamic schedul-
A 0005 ing method for aircraft moving assembly line under uncertain
9 supply of material[J]. Journal of Tongji University(Natural Sci-
= 0.020 % ence), 2019, 47(5): 723-730,738.
§ 0.015 [31 4 Mk, FRAEZE, k8, 5. Az 71 E W ERAT R LRR ).
= 0.010 RGM H A, 2020, 32(9): 1664-1675.
0.005 - { } FU lJianlin, ZHANG Hengzhi, ZHANG Jian, et al. Review on
AGYV scheduling optimization[J]. Journal of System Simulation,
0 -ey}\ Yibo o%é’ O@Y.' @O 2020, 32(9): 1664-1675. . e .
%% @O K\ @@ @ [41Z0OU W, PAN Q, WANG L. An effective multi-objective evolu

Bl 4 95% BEfFKFTEEEN HVR 5 1GD #fE
Figure 4 Average HVR and IGD values using each algorithm at 95%
confidence level
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