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An IMBOA Based Collaborative Sequencing Method for Automotive Multi
Associated Workshops
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Abstract: To meet the different body production sequence requirements of the automotive body weld-
ing, painting and final assembly workshops while aiming to minimize production line downtime and costs, a
mathematical model for collaborative car sequencing optimization of multi-related workshops was estab-
lished, and a collaborative sequencing method was proposed based on the IMBOA. To efficiently obtain
the collaborative sequencing scheme for multiple associated workshops that aligned with individual migra-
tory birds, a decoding strategy was designed based on heuristic scheduling rules. Addressing the limitation
of a single neighborhood structure in IMBOA , a leading bird evolution strategy relying on multiple neigh-
borhood structures was developed. To improve the global optimization ability of the algorithm, a bird fol-
lowing evolution strategy combining crossover and neighborhood search was designed. Finally, taking a
new energy vehicle production line as an example, a simulation analysis platform for collaborative sequenc-
ing of multiple associated workshops for the entire vehicle was developed to verify the proposed sequencing
method. Simulation experimental results show that compared with methods such as improved genetic algo-
rithm (IGA) and improved ant colony algorithm (IACOA), the designed IMBOA may obtain a better so-
lution set.

Key words: car sequencing problem; improved migrating bird optimization algorithm (IMBOA) ; au-
tomotive assembly; automotive welding; automotive painting
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Fig.1 A new energy vehicle production line using a
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sequencing method
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Tab.3 The number, batch and lot information of the

car bodies to be produced for each car model
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Fig.3 The decoding and evaluation process of the

migrating birds based on heuristic rules
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Tab.4 Each pre-sort result of the customer order

collection
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Fig.4 Schematic diagram of production sequence decision in welding workshop
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Fig.6 Schematic diagram of production sequence decision in the final assembly workshop
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Fig.7 Schematic diagram of the migrating birds in the

neighborhood based on reverse sorting
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Fig.8 Schematic diagram of the migrating birds in the

neighborhood based on single-point mutation
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neighborhood based on a right ring shift of 1 bit

i b 3R =R AR A A BE P A TR S R
N A~ S0 I35 fige 33k 4 08 3o fige 20 B 40K 15 1Y 2 AL i
8 0 RS B BEAT AR SCICHER | B L Pareto fig
B HiTHY R AT SRR S K . D7 Pareto {5
B3R PP A A ST R A AR e 1 D A b
BL L % 55 S0 A1 K 5 Y AR B e 5 B AL
@5 HEAL AR 4R o AN AE SCBC BT K S 1 AR A 15
TS B 4,
25 BEXXE5MEE TR TS HL KRR

2 258 BV 5 ) B A AR A0 T 3 2 g 4R s
HRCS AL, ST 2L S EEE S
AR B . A — B A SCGIANSGA-I
(38 S 3s AR B BT T 456 38 U SRR R 1 IR
TR ARSI AR e A B S R
9 A B RS T L B A A e S A
HEA A 5 A rh A5 S AR AR AR IR

DAT R S 3R AL L fig . 5 RS — IR
By DU g R 40T A AR A PR U AR 5
2 W IR AR T B R A A A A IR

2)IZ BRI AR 5y o AR 2.4 795 E LR
=T S 5 A L B PIL A R R R S B 2 A AR
3

3)BR KB, BE U7 A R B . AL IE B N
HA Tz B S i T Ay R RS (RS R RS,
AT R A B EG Bg Al i s S O AU R
TG AR S BRI BT S A
519 7 T DL TR 10, B ek R R S RS 5 A2 X
F1% 355 T 571 R G I i A AR Bl % 4 R A i ) o o B
UCEU A2 Sy 17 90 0 G i 5 G OC BB 7 A A a2
B POS, Fl POS, . K 5T B 5 19 {57 B 1] Y 2 5 AR



BT S U MR R Z B U R T A —H T PNEE e 4%

P FCAE TG 5 BRI T HE S SRS B
AR PP BB 5 B 5 e 2 B A P R 5L B
] RAT A A WY R

I e e e e R T i T
Rch LI Te e e
L e e O e o
WK :_Iffﬂ cl _||_A2_||_BI_II_C_2_|_i3}132_ i
BXBWH T e an T ar Tzl sl sl
il :_|A1 | c1 ||_A2_|| Bl_|| A3 [ B2 ||_c2 |J

5 BB el
IR | as]cz];

maes [[a]B]afcfe]ac]

E10 BERYEZXFEHFEESHNRIEE
Fig. 10 Schematic diagram of generating new

migrating birds by crossing with following birds
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