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Frist e ok SR 2 HARRY A RFEiR i, R
IR R AT TR, (H SR R 23 ) g
RIS, e H A E HAE S I R R EA AT,
HARASCH SR b R 3755 v, B AL A R H ™7
(3 & RE 1 5 T 2 v ke 2 TR, 148 NSGA-TL
A I TR R B3R IR 9, B RH e 22 1]
XFf HAR R, ME LI S Tl 3 5t vh e i s
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1) FZHbR: S RKAER A3
_ D et (1)

maximize obj; = ]

P, obj oS5 HERS SR8, RIS 32 AR 55 20t
155 BE H B . RGN B EEVERE TR bR e e T
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(2)

i, obji R/ MEJR A o A48 BT Bt 1Y
BT S i A B AT RS 551
1, 2 R VRS TR, R 1 0
B FILEHIETT .
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S, obj, 4R B MUREHE R FTREFE. LR MER
SR FHBERE, M * AR SR D AN a2 P
i

4) YR FIAR 3: R M SRR

minimize obj; = W (4)

F, X S |
A, o, = B AT RGEFHF; a= szewaw, )

minimize obj, =

minimize obyj,
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WAb, Ry PROIE 6 A2 38 5 5 4 1 R FOIR S i — 3K
P, MR AR p AT 55 e TP B, I AR BT Y B
BEIZHAE T A HPIRS, R
z, > x,,,Vt€ T,Vp € P,,Ye € E(p) (12)
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lean) 2y B} 25 44 o Jir 4& 75 7% H-LMIP 3 T Local-
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[ ALY 109% ) A RAT 2 — 20 el i, SRk i AREL
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ANFFEFR R4
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31 HEMESIWIEE
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R2 IHEGISHIZEIRMH

SEES /e BUESEEAEEME ]
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INTTA S A [500,1000]
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1) BB EORBL ., BB 0 F LA 54T 55 T for
W 1 AR B for 21 = 0 ZE () 2 R0 T 00, REESH0Y
HUE G FBOE WK 2,

2) SLEGIAEE SIPN e bR . S50 T A0 1 i
mr.

A PR ES . SR AU Intel Xeon Gold 6130 AbFi 2%,
AL BRES T4 R 2.10 GHz, 3 64 B0, 38 128 4>
L, NI ZGH% | TB NfE. 1ERS: BT
Ubuntu 22.04.3 LTS #:4E R4 .

3.2 iFMEiEtR

H T ARBFFE A S S ZA A0 B 2 1 H bR, H—
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B, R R j A ZR G510

S,
~ Mxobj, +;x (1—obj,)
Ay X (1 — obyj,, ) + A X (1 - obj3i..>
] JM+1] = (8

K, obj, , 0bjy,, 0bja,, 0bjs, S W A FK AR Bl EOR
1RSS5 50 o FRLAS | REFE . TR L, AL
Ay, Ay, Ay J S LGSR SR AR O A B 2 Ay 4 A+
Ay =1, 0 < Ay, Ay Ay < 1, X TR, ALE A, A,
A5 R FHBEALAE B 7 3 8 o | T 549 i) AT 55
B, MOy FE BARCE, AUH AL

RGN AR R VERE, TH S
i LEE 13T R,

L

t
Ri - E Sl,]
Pinst

FH, m A INRGE B 4 BB, R, € [0,1], AR R T
1, Ul WS VRAE PRI R S AR 1 R F, XF R GE REFE 5 1L
A, BA B EE G R RE

AN, Fyitt— 20 B B AEAE AR R T 00 N AR AR
fift BMER, 51 A ZR B OB (ewin) VR M 5 B8 A, 8
HAE AR ISR B RS e = 1 4 S, B 1)
B IR T R R AE S A AR R (oK
filka e e B

FIERNLEAA55r R AT R bR sk ) Lt 2
A BFR AT R ZR G VAN, ik, #E— 20 5] AR
(hypervolume, HV)f8 b VEH #h IEAN F6 45 . HV i
WA SRR R 5 45 0E 278 S Z R TR B SCRE
DI AR, OF B8k P 15 M 4R 1 25 6 o i 3R AT DEARY,
HV {E R, 3B 15k ST il AR 78 B bnas [ i 25
B RIERGT

ik, BT 4 DR OUL HARTHEIU4E HY B,
AL 2T AR obj J iR A FRR, AR 3 4> H AR
St/ ME B, G 1, ¥ B iR R

g = (—obj, 0bj,, 0bj,, 0bj;) (18)

£ HV (HIHE R, XP& BARdEE 74—
min—max H—1k, JF R MR 2% 5 r= (11,11,
L1,L1).

X F a4 Hpr s ], & Monte Carlo J7 A1
HV {8, 7E XA [0,/ )N S5 R FE 2 x 10°4 5, JFARHEIE

(17)
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T i AR SRR A ST S LI TR AR . S54EG
53 R AN, HY BT 4 DM RIE BhRiT8E, ANk
F BRIV ALEE M, T M Pareto Hij i £ B2 X AS []
TR S FL R AR IEA T ANV o
3.3 XftkFE

h 56 UE FTARE H-LMIP 55 36 19 A & i, % B
Local-MIP, LNSPYH1 NSGA-II 3 Ff J7 4 Jy %) He 2
o M, Local-MIP 1E 2 H-LMIP (%) Ji il % L 75
2%, SRS H-LMIP A [5] () JE Rl R AR AE 2R, (A3 H
55 2 B B AT 55 38 A B0 e B 2 H s il AL
i, TERASRA R P RS — I B sh & N Y
FOREME, DL S ARSI 1 20 o B sh 285 | SR m
AEHERERYE R . LNS SRR AL, 310 %)
2 H0 AR R AT R o R S AR A S AT SR &
NSGA-T1E 282 BArii b 57%, F T M Pareto i
b BEARAIENT L 3
34 HRAHEITHR

JEHL Local-MIP, LNS Fl NSGA-II 3 Ff J5 2 &
TS 100 41REHLE B 1 2EAT T XF LS s . Sahsh
Rangk 3 s, Horb M AR E BRI R4 RIC
FEXF I VA AE AR B 2554557, #win 183
AR F AR B

3 JBIR T AR £ HAAE M ECE T &8
MEREXT HL 25 3R . SCBG B0 3 I, 78 T A LR 1%
(M €{1,2,3,4,5})F, &KJrik H-LMIP () F ¥ 2 5145
43 R Fl#twin ¥ {1 T Local-MIP, LNS Fl NSGA-II,
Bl A ZR R M3, 32 B AR (AR5 550 19 5217
Y — 2 s, H-LMIP A9 25545370 M 0.895 R4
T2 0.933, H#win H1 84 YN ZE 86 I+t
%E o Local-MIP [Zi515535 H-LMIP B H2k, (0
Httwin {Uh 47~48 WK, RS AP B sh B4 H 55
TG ST RB s i — DGR R LR A R, HILZT,
LNS FI NSGA-II 7E R Fl#win 155 [ 1Y 2 30 5 A0 XF
BAK. BRI S, H-LMIP 76 A A 3 B AR PF A E
PR M A e e, PR T HAE 3= B AR /e B
TR T BRR e

#E—2LHh, S D\ Pareto VR 1 BE PFAN A [R50 T
AR AR LR A T, £ 4 45 T &5 HY
FEATXT LS. H-LMIP Htf45m HV {H 1.055594,
T Local-MIP, LNS #l NSGA-II /M5 E2) 6.25%.
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®3 AREBHNETHEEMREILER

Local-MIP NSGA- Il
#win
1 84 0.895574 48 0.888721 0 0.820775 2 0.803797
2 85 0.914677 48 0.910181 0 0.816247 1 0.793829
3 86 0.924229 47 0.920910 0 0.813983 1 0.788845
4 86 0.929960 47 0.927348 0 0.812625 1 0.785855
5 86 0.933780 47 0.931640 0 0.811719 1 0.783861

32.05% F1 61.72%. H:H, H-LMIP 5 Local-MIP [
HV AR, (B IR —E 3, RS 51K
W& BERSTE Local-MIP 3 fli Ik — 2 e r sk %
B 42 AL R B . NS T NSGA-I 8 HV {E A%}
B, B T A AR AE DU 2 B AR s (R 1255 D
TN

[, 38 AN [A] 32 H AR PP AR T B 5 e sith
it —20 RS ITIL R R i A . &1 3 R, FEANIA]
FEMALE (M=1~5) ", H-LMIP 23 H 45 Ry Fa 8 1Y
W S . 7E 48 R Hr B, H-LMIP 5 Local-MIP
F ST RO BT, B RE RS R AT i T i
BRI AT il Wil oK A A B HEE, H-LMIP #£ 5 #3473
REXTERA PPN 45 Rk T#E— D3, T Local-MIP
AL AN B, 3% 5 H-LMIP 755 220 Bevt 32 B ik
T8 I ik — 2 R BAR T — 3. ML
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Multi-objective scheduling optimization for heterogeneous logistics in
mass customization

ZHAO Xiaoran, JIANG Yingyi, LUO Chuan’

School of Software, Beihang University, Beijing 100191, China

Abstract With the evolution of large—scale customized production, logistics scheduling in Flexible Manufacturing Systems (FMS) has
become a critical factor in improving factory efficiency. In highly automated workshops, heterogeneous material handling
subsystems—such as Automated Guided Vehicles (AGVs), overhead conveyors, and ground conveyor systems—face challenges
including high—concurrency tasks, dynamic resource conflicts, and complex physical constraints. To address these issues, this paper
proposes a Hierarchical Local-search Mixed—Integer Programming approach (Hierarchical Local-MIP, H-LMIP). First, the complex
heterogeneous shop—floor environment is abstracted into a directed graph topology with throughput characteristics, enabling an accurate
representation of the physical and logical relationships among processing stations, idle resources, and transportation links. Based on this
modeling framework, a hierarchical multi—objective optimization model is constructed, where the primary objective is to maximize the
number of on—time completed tasks, while secondary objectives include minimizing activation cost, reducing transportation energy
consumption (i.e., low—carbon objective), and balancing system load. To overcome the computational challenges caused by large—scale
discrete decision spaces, the proposed H-LMIP incorporates a two—stage dynamic constraint—guided mechanism. By integrating weighted
scalarization with local search, the method enables efficient exploration and refined trade—offs among hierarchical objectives within
limited computational time. Numerical experiments demonstrate that the proposed H-LMIP achieves better overall optimization
performance than Local-MIP, LNS, and the classical NSGA-II, providing effective decision support for low—carbon and efficient
operations in smart factories.

Keywords material flow scheduling; multi—objective optimization; mixed integer programming; local search algorithm
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