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Cargo Compartment Loading Optimization of Unmanned Aerial Vehicles Based on
Hybrid Genetic Simulated Annealing Algorithm
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ABSTRACT: The work aims to solve the optimization problem of three-dimensional container loading space utilization
in the cargo hold of unmanned aerial vehicles (UAVs), break through the space utilization bottleneck of the traditional
empirical container loading method, and achieve efficient loading under multiple constraints. In combination with the
requirement of high support degree for loading goods by unmanned aerial vehicles, a highly stable mathematical model
was constructed. A hybrid optimization method combining genetic algorithm and simulated annealing algorithm was
adopted. The initial population was generated through chaotic mapping. Then, two-stage coding was used, combined with
the dynamic spatial segmentation method for loading optimization. Finally, the optimal loading scheme was iterated out.
Simulation experiments were conducted on 390 parts of 20 types in an automotive parts enterprise using the proposed
hybrid algorithm. Compared with the original algorithm under the premise of meeting the support constraints and other
constraints, the space utilization rate was increased by 5%, indicating that the packing effect was significantly better than
other algorithms. In conclusion the improved algorithm has high loading efficiency and strong stability, providing an
effective optimization method for the cargo hold loading problem of unmanned aerial vehicles. It can ensure an optimal

loading effect for all kinds of goods, solve the space utilization problem existing in the empirical packing method of a
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certain enterprise, and at the same time provide a reference for the future research on the packing problem of unmanned

aerial vehicles, and has a good application prospect.

KEY WORDS: unmanned aerial vehicle; three-dimension packing; genetic algorithm; simulated annealing algorithm
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Core(TM) i5-6500T CPU, F4iih 2.50 GHz, B kH
SR E T . BAREIL ALY 250, 38X
HER N 0.85, AZFHER A 0.05, {488 fe Al iy ik
FEN 10%; BUUER KB E RITIR R E R 1000,
KAEHE R 1072, FEEERN 0.95, Frk e AL S
1 DII FlyCart 30 BUHERRAS, #Bihly 30 kg, HE4E R
SHoR 573 mmx416 mmx306 mm.

4.2 BHIZHELE

A3 T Bischoff 55 Ratcliff 32 H pdRE =4k
BER MR B PR 4E BR1—BR1S HEA7E LG, &5k
Bt BR1—BR7 3t 7 A AR T B 5L 5 SERR H 48—
A& IR TEAL SR 48 (587 cmx233 emx230 cm ), Jf5
B R POVRIF 5 A ) FE ME BG4 7 X A AT . gk 2
Fis, ARSCEBRAE 7 AR 2 25 ] F R 1k F)
89.45%, FHET CHR[261HFI R % (87.53% ) 42
Tt 1.92%, SLEEERFLI, ARSCRITHIIR G sl
B K BIL R A R A 2RI R 5 R b se 7, 78
5 YIF A 550 B 1 [R] P T = 2 4 R00R , SiiF T ik
B A F TR

# 2 #¥EE%E BR1—BR7 MiETERXIEE

Tab.2 Comparison of operation results of datasets

BR1-BR7
25 [ R 22/%
RS

3CHk[26] AR
BR1 (3) 84.55 88.61
BR2 (5) 87.02 95.82
BR3 (8) 88.45 89.54
BR4 (10) 88.76 87.12
BR5 (12) 88.60 88.78
BR6 (15) 88.05 88.64
BR7 (20) 87.33 87.69
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4.3 LHIIEIIE

AR S Ao 35 AR AL GR K Bk 4 A T
WIRA R, T RIEE kR, o3 R A5
FERLAUR KB | AR A | BEBLR KR DL K 4R
WIR A BLR K BE T 3 AL g0k, rfs gl R an
& 8~11 7R o

A& 8~11 AT, R st AL 5 SRR KA 45

DAL B RABFIF: 0.81506
Ptk i REREZ : 0.87407

AR AFIEE: 0.89984
RALBKIBRER: 0.95889

b SLEH2

BRIATT i, ST o o S B A
AL T 23 [ F AR A R AL, R 451
e M7 T Ik B T ALK o i i X R REDL L 5K
WS ARSI e W)k B0y R BRI AR, TR T
TR A i LRI 22 2 TR B ) SEBR SE FH AA(

4 PR SCER A AN L ILER 30 BT AR =S 1] A1)
IR, IR 8 IR Kk i) - 24 2 1) ) i

Pk R FIZ: 0.82545
AR KBRER: 091111

20

20

c SIS

K8 Lk
Fig.8 Genetic algorithms

AL KBTI 0.83572
AL KERER: 091852

AR R AFIR: 0.87123
AR KERER: 0.93852

AL R AEFR: 0.82394
et R =

30 30
25 25
20 20
15 15
10 10
2 5
0 0
9030 ;5 60 403 60
1057 20 1057 20
b SRA2 ¢ SLHH3

Ko BB Kk

Fig.9 Simulated annealing algorithm

P IAFEEE : 0.846 18
Pidbi RERTEZR: 0.81481

60

10 00

PRAb B RIHFEZE : 0.9189
Db REREH: 0.96815

a LI b L2

P10 RABBGR A BUHR SR
Fig.10 Large neighborhood hybrid simulated annealing algorithm

AR BERZRK: 0.86114
RALBRKEER: 0.70741

RALBRARIH: 0.94584

Pk B KRR 0.88226
AL REES: 093815

AR RBER: 0.94

00
b SEIR4H2

P11 R AR RIE K
Fig.11 Hybrid genetic simulated annealing algorithm

a LIEAH1
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Tab.3 Algorithm comparison
. 25 [ F) FH 2R/ %
(87N — — — SRR 1%
SLERA 1 SR 2 SCHRAH 3
U= RES 81.50 89.98 82.54 83.67
FEAELIE K Bk 83.57 87.12 82.39 84.36
KAR IR A AR K Bk 84.61 91.89 84.77 87.09
TR A B AL LR Ak Bk 86.11 94.58 88.22 89.63

iKF 89.63%, AHE T HAh 4 FpE L, SLEFH R
PIR AR 5%, SRR R A, et 3 4158
5 (A% TN, YR A st AR A ADLR B 11 2 R R
YIms T A 3 RhAA e, b I A AR OB ) B R AR
e, 7E S BR TAE b 6 R 6] RS 558 0 24 e AR e A5
BB IR, B SAS, SR AOR .

5 H#HiE

BT I AL A 2R 2R A AL IR0, 308 e A S A
RUGF OO REOL AL S, 32 —Fh BB A TR & Rkt
FooR i o BRUESTE I SEPRACR , DRSO 4%
TR A BB M B e A T I, SRR, IR
BRI Z LS A R AT REAE S I B 5 AN A
BITR, RERTE R R MGG HAZE M LN H]
BT T, ABETEAIEA T 5286 2 8] A IR R
A RO 23 B TR B Az B A, B NS R 2
DRECR ISP it 1T BOR S, TR o fif oA G 4R 2
Fie sk Rt T A 2% IR, DR AR —
APRRIYZEE], ARk AT & BRI G5 A AL
BB R, TRAR AR BET 155 PR E AL
BRIAZESTT 0, PUNPAT LA IERCR . AF5EdR
TR G SE N JE AL IR R 4 R R it 1A Sk fige
PIigE, BT E SR SO M B, XSt
IHLTEIIL | 38 % 55 U g o FH B A BURAE o
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