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Vehicle and drones joint distribution model and optimization algorithm in
multi-mode

JIA Zhao-hong**t, WANG Shao-gui', LIU Chuang"

(1. School of Internet, Anhui University, Hefei 230000, China; 2. School of Computer Science and Technology,
Anhui University, Hefei 230000, China)

Abstract: Drones have been widely utilized in logistics delivery, offering advantages of fast delivery and low cost. In
this study, we propose a multi-mode vehicle-drone joint delivery model and its path optimization problem to address the
needs of customers located far from the warehouse center and facing transportation limitations. This model integrates
the vehicle-drone collaborative delivery and parallel delivery models, incorporating trucks equipped with drones and
independent drone fleets. Building upon this model, we establish a mixed integer programming model with the objective
of minimizing delivery time and design a multi-operator genetic algorithm based on knowledge learning strategies to
improve search efficiency. Experimental results demonstrate that the vehicle-drone joint delivery model significantly
reduces delivery time compared to traditional delivery methods. The improved genetic algorithm exhibits superior
performance on large-scale datasets. The findings of this research provide guidance and reference for tackling the
complex and dynamic “last-mile” problem in logistics delivery.

Keywords: truck-drone joint distribution; routing optimization; drones; genetic algorithm; last-mile distribution
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PR152_1_1_1 93404.9 96737.3 97623.2 103 335.8
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25F
GR229_0_1_1 2304.5 2546.9 24283 2578.9
GR229_0_1_2 2114.0 2265.8 2169.5 2307.2 201
GR229_1_1_1 3056.8 4098.5 3329.7 5167.8 A 15}
GR229_1_1.2 2424.2 2617.5 3062.4 34394 10F
2.4.4 SEIAHT 5t
T 5%, A S48 F GUROBI SR fif %8 18 /N 3045 5 47 0

£ b FLBGAE TSPID. PDSTSP () MILP £ 5| D)
1 TSPID A% T PDSTSPfEM i Bt ik “ e Jo — A H”
HH PR TR A W R, S A B N SR 2 BT R, TR AR R 1 2
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/£ PDSTSP £ B () JE itk 1 51 N\ 4238 6 A HLEE 7T LA
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(GA). B E 4 £ L1 97K, GUROBI K i 85 o i
TE R 18] P9 3R 13 4 NIl IR TR T .

(b) PDSTSP
E9 Rxttt

%= 3 GUROBIK##2S 5 IGA BIKRLERXTLE

IGA GA
Ll

Hix{i GAP/%  HirE  “Fifl

Att48_1.2_1  32874.0 20.8 328189  33598.8

Attd48_1.2.2  32503.0 19.6 292853 305732

Berlin52_1_2_1 7641.9 19.2 75872 77245

Berlin52_1_2_2 7430.4 159 6473.9 6664.9
Eil101_1_2_1 592.1 7.8 613.8 621.5
Eil101_1_2_2 549.9 72 547.1 559.8

S, AN SCHE R A 4E 36 1UF IGA . GRASP
L J TDRA B35 (1SR Al B8 7. 25 RE 2 S50 1) A P14,
KA ZH L ERIBIT 10K, KB RNES
SPYME. RAMES IR T 3PP AR 5 VA fif ¥ TSPID
10 S 56 &35 L. 3 3 A 1 0 Bb A% SRR AE AN B4 1) B
WA 57 B 1E 7] LA Y, TGA B335 S A bk e B 3% v
F GRASP 532 DA ) TDRA 532, Heah ARG 4 fisk
S5 SEE6 25 T nT DU HY, M B IE o0 TS AMLI B
RIS, S A 1) 52 T TR Bl 2 AR, X T BH 3 i e
MU H T AR m fic 16 250
3 4 @

“HRJE AR YIRS SR
ZEACEECE R R SS E  R ik, AR SCHE I
ATRCE AR AL BT NS ANL I T HE S
BTG AN A0 T N AU -E O3 R AR AT 7 A0 4K 1)
3 (TSPID), #2371 LA R Gu A8 AT i i) e /M o H AR 11
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=4 HIEEPRI152 L 1GA GRASP LUK TDRA BSK R4 R XtEL

IGA GRASP TDRA
I

o RILE FE RIE FHME RILE FHME
PR152_0_1_1 95579.8 99200.8 312764.2 283721.8 96 057.4 100794.1
PR152_0_1_2 88897.8 91851.8 144797.7 157 160.8 89316.7 91699.3
PR152_0_2_1 82850.6 84 691.6 136 968.8 156831.2 83572.1 847459
PR152 0.2 2 75662.7 775329 87100.4 88616.0 76 969.4 78139.5
PR152_1_1_1 93404.9 96737.3 455077.8 524527.2 96 688.2 105633.3
PR152_1_1_2 88825.6 90710.4 2234474 247875.3 91450.1 93225.1
PR152_1.2_1 8259%4.2 83205.3 2212329 252565.4 83380.2 85961.6
PR152_1.2 2 77425.7 80281.3 114589.3 127 804.2 79259.7 81464.6

5 HIEE GR229 EIGA. GRASP LK TDRA KK L5 R xfEL
IGA GRASP TDRA
1

e IRARAE FIME RILE FME RARAE FE
GR229_0_1_1 2304.5 2546.9 8784.4 9676.4 4471.9 4893.4
GR229_0_1_2 2114.0 2265.8 47235 4963.5 2270.1 2471.5
GR229_0_2_1 1855.2 1916.2 4687.1 4933.4 2057.7 2300.7
GR229_0_2_2 1710.0 1763.2 2401.9 2514.4 1800.6 1829.3
GR229_1_1_1 3056.8 4098.5 27908.7 28614.7 14534.2 16210.9
GR229_1_1_2 2424.2 2617.5 13901.7 14287.8 6710.4 7961.4
GR229_1.2 1 2142.5 2258.6 13343.0 14263.5 6215.5 7154.3
GR229_1.2 2 2015.6 2081.1 6192.2 7097.3 2520.2 3635.5

MILP 8, [6] B 3ok T filA EiR 2 3] TR A 28 XA combined delivery problem[J]. Control and Decision,

R B S, S0 4% 3 I TSPID B He 2021, 36(10): 2313-2327)

R AL 35 IGA Bk AR g 1 Ja e X7 [5] Murray C C, Chu A G. The flying sidekick traveling

VEBEE TR T A 1 5 B U I % A v L R AT 4T salesman problem: Optimization of drone-assisted parcel

PEFNSEF M B, TSPID 3255 7 R ZE 10 12 (0 7 35 1. 97 delivery[J]. Transportation Research Part C: Emerging

KT R NUB R BT SRR thlMgD oo ifl‘mg'Q o
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