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Abstract; To improve the energy efficiency of parts feeding in mixed-model assembly line,
mobile robots with “transfer” strategy and line-integrated supermarkets are considered, and parts
feeding models with recharge situation are introduced. Combined with the energy consumption
characteristics of robots, mathematical programming formulations are given with the aim to
minimize the robots group scale and total energy consumption. On this basis, a modified multi-
objective discrete differential evolutionary algorithm with variable neighborhood strategy is
developed, where a nearest-neighbor heuristics constructs the initial solution and a variable
neighborhood strategy as a local search procedure improves the quality of solutions generated. Finally,

the feasibility and effectiveness of the as-proposed algorithm is validated by simulation results.

Key words: mixed-model assembly

line; mobile

robot; part feeding; line-integrated

supermarket; energy consumption; multi-objective evolutionary algorithm

H AiT 5 TR Tt e B0 Ze ) B C 2% [e) ) B 5
Z DB/ IMETRHE AR B & o0 H AR, % TR REFE Y
WAL N Xiao %51 4 HABILE K Bk ok
Phtse/ MU HER R B R 19 420 2% 448 (] 8 ( vehicle
routing problem, VRP) ; Tlgin %2/ M| L &% /Mb 42
59 ST Bl PR B RAE L R H AR VRP (7] L

TR PO 230 1 224730 64 [B] 1 NP-hard [7]
TR MR i AT R A oR /N RIS 1 A i
36 (R R 5 TR Ak SIS () A2 I 326 ) 7 FH O )
AL, 0 Fathi 25 3 — Rl BEAR

KF B 2019 -03 -25
HETH.: ERARBALE T (71471135).
EHERN:

B e L 22 i/ N o A T A s 2 o A
1 E B 1 25 e 2 2B 4 10 k] A8, Nowri 5510 U 2%
JEZAHLER A B4 [ LA A A ML ) R, O 4
H 2 TR I Y i AL R AR VRl S8 FUE ]

TEGPAT LR SCHRREER [, A SCIR I T 2% B fE
FERY A BL 2% TR AL, 51 A B iz ™ S ms LA /b fig
& , B SRR BHILAS A BC i WU RHE A T IR 20 S
SEERAE DR A S A R SR 11 At B A
Iy HEACSRIE R EOR LA N EAT IR B, DU /MK
Peik R GE YRR A AT AR L2 L BEFE.

JEIRIEE (1965 — ) 53 WVTIVT N R BF Ko 3%, 1A S0,



%2 Flmifs. FBRRANIRIAR

fo & AT ELiE % B AR L O & 259

€ 56

1.1 R

FELEHAB T L6 RG0S w25 1 BT s 19 0
Gi— A7 RE L T AV 55 RO T op 6 R HL AR
AR A 77 1 20l %) 4 B A T A A JIS (just-in-
sequence ) BHH A THCE . HLAF A FEBC % L 72 BE
TFE T UEAT S RE , HLAE I 18] G ok ST B 2%
1155 , LT 2 E T A B AT 55, iR M3 7
PR AR

PERIHLAR A RERE £ 205 3k o A 7o i
AT AT B T R R AL RS N REAE, A
A E L BRI SR, BIAE B o R
H SRVFRERIIL a8 AR EC 3% AE 55 9 19 D RHET A7
FEL BT T A7 AL, 28 th Hofh i BH LSS A 64T
FC 6 . 2 5R W] LA R 46 % R LA N BC 6 AT
S5 AT BRI B IR A 2R A IC , DT/ i
VFE2 B OGS T4 T REFERTY , LI 2 5
PEATIEIE B RERE S HLAR N R EH B 2 A1) X &,
FTF Qiu 5 MBI, AR SCR A (1) AL
N r TETTAL s F s' Z [ 4730 A fE

E,=1,£(0]) =1, f(Qe+0Q) . (1)
Al FRTALs 5 ' Z R E  RELA(0,)
FIORGHLEE N E A BERE ; Q) RARHLEF AR
AREN T 0, FonLas Nz i iy 3 4 i
RROAl Thi2
BRI

T3
nen][aB]/cE
nshg — =° O

3l Al Illlll.ll.lﬂﬂﬂ[ﬂﬂ[ﬂ!]ﬂlll

E1 &Ka&ERBHYREEATRER
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ZLXHF 0.5 0.55 0.6
FIRFRLEL 20 50 100
MOEA/CT  ZARKHTF 0.4 0.45 0.5
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1
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3 10 90 15.56 16.99 8.78 9.52 0.94
4 10 120 17.55 19.63 9.34 9.68 0.84
5 20 30 18.90 22.30 10.15 11.20  0.99
6

7

8

9

20 60
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0.24 0.14 0.17 0.75 0.87 0.98 0.9
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Fig. 4 Run time of algorithms
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Fig. 5 Box chart of neighborhood structure statistics
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