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Study of hybrid meta-heuristic scheduling algorithms for
robotic multi-station handling of lithium batteries
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State Administration for Market Regulation, Xiamen 361004, China)

Abstract: A hybrid meta-heuristic scheduling algorithm is proposed for the effective synergy between lithium battery
processing sequencing process and robot multi-station handling scheduling. The algorithm minimises the cycle time as
the optimisation objective function, constructs a meta-heuristic mixed-integer linear programming model for multi-
station robot handling. and initially optimises the performance of the model by introducing effective constraints on the
production cycle time. In order to solve the problem of the sharp increase in computing time caused by the increase in
the number of lithium battery types, a hybrid meta-heuristic algorithm fused with genetic algorithm and tabu search is
designed, which balances the depth of the search with the efficiency of the computation, and achieves the method of
obtaining the approximate optimal solution in a short time. Simulation and application experiments show that compared
with the traditional mixed integer linear programming scheduling algorithm. the proposed algorithm can improve the
time efficiency of the solution by up to 57.92% , which effectively improves the scheduling efficiency of the multi-
station robot handling.
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2| K H M A E N T AF Z EL A M THLR ., X —
FERR AT 5 B Fh 3t i T T2 K AR 3 R 55 T AL
YRS HL S O 7E BT BE R Bk i BT p A8 8]z A AN AL RE 1A A DR IR DR M T — S B A Tk A

il

BB LW TSR A SRR, R T BRI I BFFERLER A 2 TR 2 e i Y 9 L ()
ViR WoE ML AT AR L R S AT USRI R VR A B AR G A R AR LA

W H 199 :2025-02-06

128 -



L HABAS TERELGEGRETBANALLENR

5514 W

58 I BL A ) 3 BRI B I 2 A e B — 2SR
TG, RF B HLA A B o e B R JF gt i A
B L g A& BT, B T MR 2 24 B A A
FEL 3 7E AN TR T ALY b 0% Ak BT [R] 4% 5% L B A4 A 75 22
WP LR E TR SRS E5 . Hik, 2 T4 %z 6
i N ARV () R TR [ B 5 B 22 0 IS 1 48 LS T 31
AL N2 T B FIIFEE.

FX R 2 R4 A B R ) 8 R 2 B R
EHIFR T MISCHESE TAE. 140, Paul % Al Elmi %5
[ B St A4 00 T B0 AL N B 2l 91 3 AT B A R A 4
HIR A % B & M M R B B ( mixed-integer linear
X AR Y BB A8 FT 43 75 AN R A S
TAFEATRIALAS L) 4k SRR (] 22 5, DL KO R i L 2% A #%
AWM T ZH R, HXEFR AR T LT
PR SRR T HLES D 0 /N A 3 s v, — B[] 0 488 7
K [0 LM 4 > HRORE 52 48 B0 K 7 AR 2 K i Y e [R] O -
SRESRURS A 0 . Atk , — 2622 3 JF AR T 52 3 LR, i
8RR UL B4 B DI A DK A0 i SR A B DD AR R
— R Bk B AL B (genetic algorithm, GA) &3 T A&
L AE S AR S SR i 3 A R P AR R A 1 7 AR L 4R T
TR FOLRE ST 5 REAR A7 ST AR S — Fh A B s S AR SR
B % R0k gk S Rk (tabu search, TS) 1Y 7 ik,
PRI, A SRR, BARAX KRR
JE B4R TE TSR MRRCR  ABATIAEAE T3 B R T FE 1 ) L, ¥ LA
iy £ 0 T SE PR3 5

ARIEEG ARG R G5 F I8 2 A d b iy fn T
T8 FEE L N AL SFE Y h @ L A s 1T e & X
IR B LN O 52 TR B A KRR (5] BT 174 5K A g
J7 5 51 B b A R B ) A 20 2 R S O A T 3K A
2% ] 5 ) FH 3 4% 030 10 TR OSSO T R 4 B4 R0k 1 1l 7 AR
S BTHE G I K xR R DU S 6] 45 3 30 Lo £ i , 12
FHE Bk AR BT AR, S 1A N T35 5 T AL g I
T BT AR AL = R R O R

1 HBASIMUREFIIERSMHL

HETFIPRMHLAE AL T s T, 1 £ T ks
R B ) AL ) 1E 2 S, I | 7 HLAR R A1 5 8 e i T
F) (1 TR A B L R R B R, o A SR i kR L 5 A
b A 7= ] 3 Bt [V 249 B DA TG A 4600 447 i SR ik s )
1.1 $EEBMmMIHE TEH/HE

R4 N T 5 AL AR A BT H om BN
THLEE M, M, M, - .M, . —BRARE M, — & i)
W M, Ml—GE L N4, i 1 s .

S ) o 28 %) 2 e b 21 A% e/ T4 4 (minimal part set,
MPS) # iz . MPS & A& Jin 1 9 A it 5 22 1) Y
B LA B E T N T 200 > A JRUE 3, 100 4 B R It

programming, MILP),

[ - = -;. ......

/ ﬁz)\&ﬁm et bL.tsM )M LM, p/INE BLJ%

l ‘ _ BishlaA

Al &?‘(M,,,,

| 1\ A\ l )
~------------------F----d
B 1 Edwin T

Fig. 1 Lithium battery processing scene diagram
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