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Abstract

In the three-dimensional packing problem, both heuristic algorithms and genetic algorithms can ef-
fectively solve the problem. Based on the heuristic algorithm for generating placeable points and
the genetic algorithm, this paper integrated the two algorithms into a new hybrid algorithm for the
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three-dimensional packing problem. The new hybrid algorithm was tested by real data in the ap-
plication, and its loading rate was stable and had increased compared to the original traditional al-
gorithm. Especially for cases with multiple types of goods, the advantages of the hybrid algorithm
were more obvious.
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1. 518

—#E%H 17]381(3D Packing Problem), fi& 27— =4ER G UK TR, B2 DAFRTR. ARK
NI SE TR KT SRR B, AR S AR, BAS SRV LB B o %
Poifi Al ia i U b — N LA L, H BRI AR A SRS, SRR PR . R R IS H R
ARFE VIR . = YERAA L — A NP ERE R, SR FLI 18] SR 2% P 2t ) AR Fy 384 KT
RIS EAE R R EIAL] B RINESE T R R A

KT ZYEARHT, EWAMEEANTHT T2 RRVIT. KM T — Ao iR & 505, ef
WA =2 R HE A U DLRBHUR K AR R, T DA s o B ) B i 2 1) 22 4R 3%
PRI 2] MRz M5 NS T T8 IRV R B () = e A B0, TERME BRI, S5 =43
SR LS T3], T IR AR T — Rl 3002 3 A st AR Sk i) =R A el w] DA R0
BN R AR IR L AR SR i SR AR e M, ST 1 AT AR [4]. Fan SEANSGH T 4ListfE 5ok
f o = e L, AATTAGIE 1 RO B S SR T IR BT 1 A SR AN BT ORGSR R AT, 1%
L BA TSR A WS E5] . Cant S8 AR 1 —Fh AL B I 48 A e A1 Jml O 51 3 584 R 2 I )1
RI3ik, ZSEARNAT RIE R TG AN AR R B s, SCRAT BRI E[6] . SR E ST
T — M2 R e KA REL, s 2 EEZRPM AT, SR HORREEE S IERER[7]. 29T
SENIRN T Z A B S, 193] 7 B RCR 8], Xiang S5 AWFTT 1 L KA = 4E43 (8] A1
O A bR SRR I, ARET — R RSk, AR EGRAESR = 5%/ 47[9]- Kilincei Al
Medinoglu $i i 17— it B A RS SRR e = 4B 17 /1A e R S 2 — P el 5 A U PR R P A AN
BRI B R A 5, S T AR AR IR L A R [10]

ASCAE 2R (R A F AT T AR 1, 456 A AT T o (R R U SR R A SR LA e A SRR 5 2
AR AR, IR FIES BRI AL GUR BT R R A E MR T .

2. EMATHERNBANEE

JA RS (Heuristic Algorithm) g — it T- 250 55 A Um0 T2 ) 45 A4 SR e 1r) ) B0k . R
KA SFVEIE RS R B R A T, R RS, O e TR R T AL I ) S %
FEAG IEAINEH 4%, (H—OCRRIER B R e UM o 7 AR DR I RN, {3 e 2 K R R U 2
R e FUE RT3 58380 K S R KA I JE R BT
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AICHIE TR = YRR I R - 45 0 K UL [ 8 SRS TR B, SRR A IR IER K. 9.
s B AR, AT IPR IR T, EORAE R ARG MR SR I A BT O
HIH o = ZEEA ) 7L A0 B R AT 20 R R S

1) BPRBCEA N ERRA, AR R (L), FE(W). mi(H)2Y 1190 cm., 235 cm., 268 cm,
FARKLIY 75 3LT7 K BUERSAR o Ja oAbl rh s O s, S =ZEELAARPR R, x Bl BARAE AT 11,
y RN SR BEAR A T8, z Biloet NARRAR I e, W 1 o

X

Figure 1. 3D model diagram of container
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FERT = 4ESE 4R i) R BUA AR A AT B AN AL g, 3E— BT = 43 4 1) R SR AR L
22. ETERTHERNBLAANEX

eI R, A mRRR— AN E, W 2 fios. Hh, 5O 2R A
S AAETE AR 2R A B TR I B R A, FLAs = AN U0 A2 55 top(x, y, 2 + h) & front(x + 1,y , 2) &1 right(x,
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y+w,2), Z=ARHERAW S 1852 5 R R E B
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’
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Figure 2. Schematic diagram of goods
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Figure 3. Schematic diagram
of loading in z-axis
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Figure 4. Schematic diagram of
loading in y-axis
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Figure 5. Schematic diagram of loading in x-axis
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Figure 6. Legal overlap of “top” points
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Figure 7. Schematic diagram of six rotational placement methods
7. AMREEREAF R REE
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A B SRR U T «

X={X1,X2,X3,~-,Xn,Xn+1,-'-,X2n,X2n+l} 5)
Table 1. Encoding of six placement methods
= 1 R E R R ARRD
JHE T g 75 I X 4l Y il Z
Eik s 0 RT_LWH =0 L W H
(H i) 1 RT_WLH=1 w L H
e Ji 2 RT_LHW =2 L H w
(W i) 773 RT_HLW =3 H L w
e E RT_WHL =4 w H L
(L M) 7735 RT_HWL =5 H w L
3.2. BERZRIERE. XNMER
A AT o A AR 3 B PR v P 2 [ 41
1) EHET
@ THE I A A SR FE R e 41 1 2
f(x)= %(k =12,3,--,n;i=12,3,--,sizepop) (6)

Soh, () RAFRIEHFIIRIERLE, B AL SIRERLRORAE, sizepop JyM B R
@ A (RS IEE A T — (RBEER RO, P (%) %

f(x)
P(X)= =7 )
Zj:l f (Xj)
@ PSR (R 2R D 91 0 U
6= p(x) 8)

@ TE[0, 11X [a] 4 7~ AL BEHLEL re

® #r<q[l], MEEAE L FWIEEAME K 75 qlk-1]<r <q[k] ML,

© HE@®. O#HAEIL sizepop X, HH sizepop AMHE K.

I Z R R, AT, G T TR Y R B R T A

2) TXHT

XF i J5 ) B R PP B AT AE X EAS XHRAE TR, SRERIS) 5758 SCBR-F-FIE 43 R AR 58 AR &S & 11 77 =X,
FITiE 351 50 28 Ut A2 LA TR 1R A8 SURSE S 36t 7 A e A (1 R R R HEAT 20 48k, X BE RN BT MR [RIB P=2E . 1)
SR XoRE K E 8 AR .

73 Bl S A8 S PR 2% AR G LR TE 28 XA s 2 (R B0 23 S DR AT A0 He, A8 SO BE AL L . SRS
[E] 78 A e (R0 53 AN, K e A R RS0 A AT —— b, ARG B T 5 L ) B Y BE R
AR E S PR A SO A B R, XEEAT R %, BRESBREERAT S, PN HESKHE
Ao 387028 XCBLSH I8 F- 4n 14 9 BT .
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Figure 8. Schematic diagram of uniform crossing
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Figure 9. Schematic diagram of partial mapping cross
B 9. oM R REE

B BB MR, AN 2n+1, KT [Ln] Z A MR, FEAE R a0 B R BT, i
HAN G AT, [n+12n] 2B, ARAE IR AT B R el i s 7 A, B AR AT

3) BRET

AT BRI AR PN R B AR, BT AR R, AR R Ry Pm. X [Ln] 2
MRERR, SRAF AR ity 2, B Z BOE R A 7 508 P A, 3T [n+1,2n) 28551, 7R e
B 7 AT SR ROYE N AT AR R R
4, BEANEZMEEELEQRAEE

T S MR T A B AT B A R e s T AR N SR AT AR, 1S B I N R B 6T N (13
N (A2 R), RGBT BE SRR IRAE . SRR T IR FE, HHATIEN E Y, s Y. R
HERGHTITAR, SR, BEAASRNEEMIRE 24 SRR T s AR B, s Rk
BATE R, Hid HAeiE

FET A T R A B R SR AN I SR IR B B SR MR 2 R B K ) = 4 2 4 e ) v A
K10 Ao

it 5 ke EEAEHE EE IR & EE T IE G, & ITEE R [ IR B — AR H T %
5. M5 B4
5.1. MiRBIBER LR

MR B e R sy =2 g/ R G625 TRIERFIAFER IR . IxX B DA S BRAE 40 e %k

DOI: 10.12677/sea.2024.134056 539 B TR R


https://doi.org/10.12677/sea.2024.134056

XIEE 5%

P R TR A B AT IR, MR 1 A Sl n e 2~4 FoR . AFEZRBF IR BRI R & F
FRANIE], — Mt L T B sk AR AR /A1 ARFE 2R TR A A EERIA B 90% A 15 R ERFEHR B R IR he i Fe 22
SKRIEH) 88% LA b R AL IR AR AR LRI F 73% LA L.

It 8 BRI R AT R AT, RIS R W 5 Fis.

e T— KB G=G+1
A Y
IR EESRAR KALTREF
FERYDEIE HTER
v A
REEEES EKEHHRX
XS BEFHITRX v
v A "
AR
VI ThEE BRI e
. 2 EHITIRRER =
FhEEE—1C A
G=0 HEHEE
v 51 H0E KL fE
EFoOER ?
NEAXANEE sER
REUEH A E

Figure 10 Flowchart of hybrid algorithm
@ 10. /l:l: A E—/ﬁ/]llﬁi.

Table 2. Dataset interception for pure cardboard or pure wooden box goods

2. SRFES A ARFE R B R SREE

FFs B A R AR M PEEEKG)  Km)  FE(em)  FHi(em)
1 il 2-BEESR IEM&MR& 1-4%E 17 16.00 32.00 46.00  33.00
2 a2 2-BEESR EM&MIBME&TI 14 14 16.00 51.00  47.00  35.00
3 a3 2-BESR EM&MIM&IA 14U 40 19.00 5500  41.00  45.00
4 Yim4 2 BTSSR ER&MIK&IIR 148 10 17.00 56.00  40.00  40.00
5 Y5 2-KEDR IER&MK& I 1488 30 23.00 64.00  40.00 2350
6 Y6  2-LER IEM&MIR&A  1-4WFH 10 16.00 4750 3800  27.50
7 YR T 22 BESR EM&MK&IIR 1-4WH 25 21.50 46.00 27.00  35.00
8 Y8 2-BER EM&MM&IE  1-4%4H 150 18.50 43.00 37.00 11.00
49 Wil 2-BER IEB&MIR&ALE  1-4%48  100.00 12.80 43.00 37.00 11.00
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Table 3. Dataset interception for hybrid goods
7 3. RERLLTBIREEEN

e %4 BRI E AL TCE R ARG M AR EKG) Kem)  %E(em)  E(cm)

1 Pidhl 2-HESR 1B ] 1 808.33 170 120 147
2 Mifh2  2-HER 1EK ] 1 808.33 203 148 136
3 i3 2-LER IE Fe8L 1 460.00 100 85 114
4 Y4 2-BESR IEM&MIB&IH 448 41 30.59 36 26 16
5 s 2-BESR IEM&MIB&IH 4% 20 30.59 85 50 20
6 Yifh 6 2-LER 1EK ] 1 377.50 108 88 71
7 T 2-BESR IEBM&MIB&IH 4% 736 16.03 49 32 23
8 8 2-RER IEJH&MIA&SLTR Fi%E] 31 13.59 46 35 17
21 21 2-BER IEM&MIN&SIIH W] 50 13.59 40 30 21

Table 4. Dataset interception for pure pallet goods

4. SFERTIVIBIRREE

S W4 PRME  ARESR EREH MR PREEKG)  K(em)  %E(em)  fmi(em)
1 Wil 2-EER 1EK FE8L 16 32.00 52.00 29.00 28.00
2 Midh2  2-LER 1EK FE8L 1 445.00 86.00 84.00 107.00
3 M3 2-ER IEK FE8L 1 445,00 255.00  104.00  184.00
4 Yok 4 2-FCEER EJ oA 1 126.00 133.00 69.00 164.00
5 W5 2-JEER EJ oA 98 13.00 40.00 28.00 42.00
6 Yiihe  2- TR BT o 61 13.00 53.00 33.00 48.00
7 Wi T 2-ESR 1EK FE8L 20 13.00 53.00 37.00 48.00
8 Y8 2-LER 1EK oA 213 13.00 49.00 39.00 50.00
15 15 2-FBETR 1B ot 1 705.00 188.00 103.00 122.00

Table 5. Data test result of the examples of goods
5. BRLBIBIRMIREE R

KHEdE RMHE IRVUIES CEES HARSER (et m AU R IRG FRRER

TS 1 1648 1 1-264%F8 . ARFEZE 90% 91% 91%
TSt 2 1502 49 1264858 . ARFEZE 90% 85% 92%
eyl 3 3588 1 1-2H40HE . AR 90% 91% 93%
Bl 4 1175 21 2-FEHRIR S 88% 83% 89%
TRt 5 650 26 2-FEHRIR S 88% 85% 90%
Byl 6 658 32 2-FERIR SR 88% 78% 89%
Byt 7 133 28 3-4iFEk 73% 57% 78%
eyt 8 756 15 3-4liFEk 73% 84% 82%
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