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[ Abstract] A mathematical model was established to address the multi-constraint, large-scale three-dimensional bin packing
problem. A hybrid metaheuristic algorithm combining an improved whale algorithm with simulated annealing was proposed. The
algorithm discretized the whale algorithm, including individual encoding and updating mechanisms, and utilized simulated annea-
ling to overcome local optima traps. Moreover, a heuristic loading rule was designed for decoding and optimizing the packing solu-
tion. The algorithm was evaluated using standard packing instances from Bischoff and Ratcliff’s OR-Library, as well as real-world
cargo order data, covering a range of cargo types from weakly heterogeneous to strongly heterogeneous. The proposed algorithm
achieved a balance between global and local search capabilities, resulting in high packing efficiency for various types of contain-
ers. Specifically, the average container filling rate were 92. 24% for weakly heterogeneous cargo, 88. 78 % for strongly heteroge-
neous cargo, and an overall average of 91. 29% . This result provides valuable insights and references for the study of three-di-
mensional bin packing problems.
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Fig. 1 Three-dimensional coordinate system of the container

i Q AR ITRE R B IRORH & v, 1y, 2 N
NERIRZE)E T AR AR Y o By Bz Bl A
MEBRMES &, b, b A L BRIAE xoy | yoz xoz
VLB o, b, i, 5 A SEITE oy
yoz xoz V- IS
1.4 FE&EE

(1) HbR BRI fe KA B 25 4% N 5T 10 52 ) £k
AR AERBBIRE LR, RE N

i Lwh,

-1
F = max -

LWH (1)

(2) YRGMF AT T B AR AR
OJF M8 e AT CE R, 5 %ﬁﬁﬁﬂf%ﬂ’]%
BIEH 6, WE 2 Fin; Qfa e tEL R 4%
JCE BT AR A B T R i i R 5 fPJE’JIﬁ‘
MEE X HEEHERAERKR e EQOHEREN
W AT ST AN BB A 2 AR T B K A2 1) R K
i @7 [ A S A K S8 s AR — 7 ] AR BB
AR, T A R LA E RSN OE S
AW AT — ﬁf’ﬂi?ﬁﬁﬁcﬂfﬁlﬁ,ﬁﬂﬁ
HE— xoy \xoz 1 yoz3 - F-THI L AR AN HE H B AE X
I ONSESE® ﬁiﬁf@%%*‘f%ﬂﬁ% SF
THIDA 200 5 25 2% W R X 2 P 1847 (| ), AS SR
RUI

li || L’wi ” W’h‘i ” H9R£ = 1
li || L’hi ” W9wi ” H,Ri = 2
wi ” L’hi || Wsli ” H,Ri = 3

(2)
wi ” L’li || W’hi ” H’Ri = 4
hill Lyw, | W,L || H,R, =5
hi ” L,li ” W’Wi ” H,R,: =6
T, T

[r

7

K2 SR Ripess e s

Fig. 2 Cargo permitted rotational attitude

2.9 S0V (4)
;cl +, =L
y, tw, < W (5)
z; +h, <H
v =
v,.Nnv =0 (6)
N =7
(2) FRIT LR, [ I R /R IEAZ 2R
BV R A Y BRI R AR X I 1A T

2 (3) %7 BUE HE 2 R (4) %R T 200
R (5) FARE AR R (6) TR TR,

2 BRIFEHAN T

AT R A e X 2 2RI ) X el i A 4L
R KRS 25 R AT R s 1A 3%@3 34
RAT . G2 W a0 far BE£F 25 48 N s 8], B 0% 4 2% 48 A1
B Al o ar A 8] anfel AT A T A O
2.1 EFETE

T CE AT S BRI AN A el
#@E@&UJ_)(%&%#H,EU\U W S LA

A [AFN R B 23 (8], Se i E AR A M R A2 5 A
ALO BEREHCE S AT B A A Sk nl 1728 () 1 46
e Ja T FR T2 (B8 e rp () 2 TR e PR R i K
)z IETM’EWE&BAIE S[H], Ijﬂﬁﬁ%iumm S [l 5E
K, NGE YR B s K] fE
2.2 XoFE=E

B WINCE Y5, 2 B 18 N P N AP s (1)
X137 3 X AP 43 AR 2 T 2 Tl 43 o
B o e 1N e e s e e s 1 D =1 7/ B S R 1
BERRKTERD NN 1w, b, , P23 (8] K T8 05
KL W, H, A2 RRERE RS, =L, (W, —w,) ,S, =
(L =1)W (K 3), BH—Fan&mX.24 S, >S,0,
B2 H = [ T AR N S, , &k H,, A7 28 8] i T AR

¥ FE Mk . www. stae. com. cn



Box B oA
6480 Science Technology and Engineering

5 I ®

2025,25(15)

H(L-1) (W, —w,) R H,, B23 (8] 5 T
Z3[a], B2 (8] RS T AR S M T AR, =528 H, - h,
[El4(a) ] ;5 =B S, < S, B, B4R
AR TBR (W, —w,) , =8 H,, 4725 (BRI
RS, mik H,, 155 8] 558 —Fh o 505 X A=
1 LS [aAHE [ Bl 4(b) ],

'S

K3 ZEEE AR

Fig. 3 Schematic representation of space floor area
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Fig. 4 Two types of space segmentation
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(4) BEAPUR K B8 4) while 2 A A 5 24 ¥
WIHRTERE T, FZIRE T, DI RIR R0k E | ik
HO(K),

(5) N for 2 FEFR, OXFERA AR T
SRAE ARSI L BHRIE 240 O(L) ; @154k
B AGE N BE (BRI 20 O(m?) ;D&M if 3
BA G SLNBERTRIEZ 2B 0 (1) ; @R R AL [A]
KRR 0(1)

g5 bk 325w IR 5 2% BE 0 R R R
A whilel TP S A9 385 N7 B2 (1530 A SRR 4DLIR ok B
RACEAEER , 2 M A, 15 WA B 0y B ) 52 2% B
Pl O Max_iterNm* (1 +KL) ],

4 HEXBSSHSH

I 3 2H )7 S0 A B st it £ AR LR kB
TRIAAE I, 20 e Bt T A7 M S0 B8 | e £ e
SEBG RIS S5, A SCHRE L TR IWOA _SA
FIF Matlab R2018b Z 2 SE 81, i+ A HLAL BEER Ny 17
@3.30 GHz,izfT¥ 554 Windowsll YRS, Bk
W B S B | A0 R B K /N SearchAgents _
no:100 ; F KIECIREL Max_iter = 300 ; k5 T o Sk
BELLA Elite_ Whales = 0. 25 ; BEHUE K 0] 1A 1R B
T,=1; 2B E T, =0.001;FFIRAR «=0.9;5
IRBFREER L =401, BWARBRY IR E1T 10
W BUR LB AT 85 B 31
4.1 BUHFAITHESCIR

ffi FHl Bischoff 25 BT 2 436 Al = 2 255 46 b o 5
], oA BRI ~ BR10 3 10 RSB 52 W 508 | B
ARAAE 100 B8 Y5, b BR1 ~ BR7 SR 55
SEA Y BR8 ~ BR10 Ay i S5 A4 Y | oA ede ki 9 4%
G i £ B 5 e e e B DR AR AT X B
e RME 1 s,

F1 EEBHBIE L

Table 1 Algorithm improvement before and after comparison

it A
& G i 40 Bk IWOA_SA

BRI 88.27 92.43
BR2 85. 89 93. 68
BR3 87.09 92.71
BR4 81.54 92.84
BR5 82.44 91.33
BR6 81.82 90. 80
BR7 81. 47 90. 22
BRS 78.54 90. 61
BRY 78.33 88.21
BR10 76. 87 87.53
T 82.26 91.04

Frife 3.64 1.90
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4.2 BUHAEIESLIE 4.4 BHERSH

i S B E [R) 4. 1 7, R oAt 27 5 42 1
1) = 28 R SR AR Sy o it B ULAR K B A X
P, 00 E Bk 0 AR R P, R R g Rk 2
FR o
4.3 ELHILIE

R LAY 52 3 T B B AT SE B, 5%
YB3 B, B SCR A 13 Fs, 75 4%
FIEFE R A 93.87% .,

M BR1 ~ BR10 == 2 2 R A o 451 A il SE B
BERFBE 45 A R Wt i £ A 4B 38 K B9 R
TR RS R, SOl G R AR TR R
278, 78% ARUEZFEACL 1. 74, ULBH Bt 5 Bk
RERA AT, R MBI E . 7€ BR1 ~ BR7 LK
FAARSOIEIE 55 SR R Ge H () - Y R AR S R
KENT 92.24% , M T X LB EE SR F T T
7% ,7F BR8 ~ BR10 5 544 B 53] | 75 5 Jor e

F2 BEHEWILER
Table 2 Comparison results of each algorithm
MK 4L IR/ % 7
3D_RSO® MBL!'S) JHABC['®] LNSH7] GRASP!'8) IWOA_SA
BRI 84.38 89.92 84.42 92.2 89.07 92.43
BR2 84.29 90. 64 83.30 88.4 90. 43 93. 68
BR3 84. 63 90. 67 86. 84 88. 8 90. 86 92.71
BR4 83.23 91.46 85.26 87.0 90. 42 92. 84
BR5 82.87 91.70 84.17 84.5 89. 67 91.33
BR6 81.82 90. 87 89.33 78.3 89.71 90. 80
BR7 80.73 90. 31 85. 87 72.7 88.05 90.22
BRS 79.19 90. 07 87. 66 62.1 86. 13 90. 61
BR9 77.23 89. 87 86.93 61.1 85.08 88.21
BR10 74. 68 89. 45 87.29 56.3 84.21 87.53
T 81.31 90. 49 86. 11 77. 14 88.36 91.04
F3 ELWBEYITEEE
Table 3 Cargo order data from a factory
JHA S5 LY/pEETEUN £/mm $i/mm {5/ mm Ligs FAENRAT/(mxm xm)
ELSTEEEa) SR A (R4 455 243 570 50
3 55, fi i B(ARA) 445 233 550 500
AR AL il B(H) 445 230 543 250
i A B( L) 475 345 306 75
e SR A (403 528 262 287 100 9.6x2.45x2.8
e S B () 398 235 538 100
i B () 482 260 278 200
et SR B 505 370 176 200
hIEARED)
B ()
B ()
SARB(H )
A )
B ()
AhARB (AL )
B (R R 32)

2000 °

000

4000

X/mm

B3 seie skl
Fig. 13 Example loading diagram
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