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The cooperative delivery of multiple vehicles and multiple drones based
on adaptive large neighborhood search
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(1. School of Traffic and Transportation Engineering, Central South University, Changsha 410075, China; 2. School
of Systems Enginering, National University of Technology, Changsha 410073, China)

Abstract: To solve the problem of huge distribution demand and “last mile” distribution, this paper first proposes the
cooperative delivery of multiple vehicles and multiple drones with dynamic energy consumption (CDMVMD-DEC), and
provides a mixed integer programming model (MIP) aimed at minimizing the delivery time. To solve the problem
efficiently, the adaptive large neighborhood search (ALNS) based on problem domain knowledge is proposed, along with
the combination of the K -means clustering and the nearest neighbor for constructing the initial solution. Experiments
on different-scale instances demonstrate that the ALNS outperforms the simulated annealing, variable neighborhood
search and genetic algorithm in solution quality and computational time. In terms of solution quality, the performance of
the ALNS is improved by 23.8 %, 23.3 % and 5.7 % respectively. The results of experiments show that ALNS provides a
better balance between global search and local search. Moreover, the results of the sensitivity test show that the load
capacity and endurance of drone are the important factors affecting the delivery time.
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step 1: WIEEH IR spese P14 TR s AW G6
0, B B Metropolis $2 52 1 | 1 (I W 4R IR To %%
TR PE T ~ i FE VA EN 32y DL S i RIEAR IR B Max;,, I
WA T 5188 51 HAUE p ¥1E6 46 9 A (7] AL
H R EGWI ARG 1, SRR E T Y6 16
TE Ty.
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s G AAR spese HEAT LLEL, A0 IR 24 HI A s A0 T SR 0
Shests WIR DU spese 215 BB, 75 WAL,
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TE ZE 59 2 T A2 1 ) it b, 06F A — 2% ZE 5 2
R S BT IR K-means B2 LLHf € AN
(1) IR 55 90 BB, 4 — AR N I 25 7 BN 2 48
MBS S . XT38 2 Ik K-means 5 28 1 i 4]
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A 3N IE SR 2 AN R . DR, R A B g Ky =
Ni/(u x 5) W€, o Ny N5 kSRR b
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MU % R, B4 J6 T C i 1) 0 AATLERAE ] P9 1 s 354N
5 TE ML 3% [0 3% 3 5 2R i RE D 0N L.
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ALNS 47 38 45 ¥4 i 3R 57 RS 52 5 R i,
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HOEHEA R,

XA SRS B 1 H A TR LT AR

D) IR T di & BRFET .

A WA IR AR R BEN RS BR — AL, PR L E T
FANE— AR BN, 2B 5 5 K AETA
BLEEE A4, TR IR S35 B TE AR AR 2 15
T 2 28 EE A BT RE T 2T, R AN A 2 RIS 2R AT A
(R HE. A 2 Firs, B LI 58 PR 2R A% A 4 40 E T
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=
oWNG
@0

EI 3 do&rs E?‘ﬁﬁ?%@

3) W E T ds &NAE R H T rs.

T RENLRS B — I AHLER AR P B )R
(B REVE R0, P TCE BRI RO R b, R RV
BT NAUERAZ (A8 Ak, R AT T0 AN LR AR (1) 2 2 5 A
SEfiRe A RKL . W 4 BroR, LR B JC AL
17 8-1-6 RS K A58, P A4d A AE ZE A% A3 AL B
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,""®"‘~

4 ds&rs ﬁ%ﬁﬂ—?%

4) IR T dy & IBEHE T ry.

ZE R LR B P 2R G IE S (R B AR,
P S AR AR B o gm 5 5 i AN B A, g
PR R/ ZE 4 42 A8 . an S B, Bl AL Bk 20
FEAR 6-4-2-8, 44 156 5 8 2 [W] ) B 4% Ja 5 B A, s 9 11
PR 6-2-4-8 HFH A B2 .

@i‘? —>@®—»0)
® @ «—Be—®
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222 fREEEE

PRI JC ALK B NS 8 0 FR, 4RI I8 R T R
FEAE N TTAT R, WA SCRE T T A 1) R R SR g, BTk b
T NAHUIE — BERURE o BC IS AT 5% . AR &K 0
AMUTFE P B e — AN 55 50 SR R 8 AT 3N 5
TER AR B, A5 TSN AT I 4k 2 450 B 235 L 20 R
k. i 6 B, AR 2 5 A ) o AL 42 1-8-
T-9OANTIAT, WPk 5 Ja — ML IE £ 7 B8 SO BV i, 72
A HT I TE AL AR (0 B 6 PR AR B T 2 1 BT, Rt
A7 A B AT AT PR W, TS AS BT AT ) 4k B4 T AL
B E — AN BLIE A 8 4l A B Rk 42, e B
MLER AR K 0 E (an P 6 HR A R R 8 2 i),

e
4
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i E2 O»Q—»D—a»—>D>»O—>©
El6 FTANERZEERG

3 SERS T

AT ALNS FEAS [R] R I 5451 e AT 1 1 fg
PEAE, 5 Gurobi 3K fif 45 73 21 1) S L i AT LU IR S
& 258 B RLADM IR IR (SA)ISY, AL G 1) A8 AR 348 R B
15 (VNS R A& Bk (GA)RPO HE47 Xt ELIF 7. BT
SEI6 76 it B oA Intel(R) Core(TM) i7-10700F CPU@
2.90 GHz, W 479 32 G I TH S0 B EAT, B3 32 A0
MR FE T 24 F Matlab R2018a 2 T2 S2 IR, Sy 38 4 it A1
BRI 3R 7R B AN S4B E AT 20 IR, L 3% B[] B A 20
PABAT 45 R A (FRALs).
3.1 BHIREHIEE

9T BSAIESREAE A [R] RIS 451 o 1 1 B, >R F S
Wk [21-22] H 2250 B A% T R ) o 44 L4510 S48 o
(7 5 SR R 2 1 Bk AT — e I, DA 2
80 % ) f, 3 B B /N T 2.3 kg AR vEN . b Ah, M4 42
-5 Jo NHLIC 1% B9 K Fe IR B A DGR e t120 Jil e 1
ARSI v R FH 0 ZE 5 R e AL AR S S 3 (L3R 2),
SR S I E /N T AHLEEAT ECIE IR 5%, AT )
TR E N 1.2kg/m3 12,

o L SRV BV s il R 418 438 285 4 SR FH T 48 H 1 )
GE AR SR AN IR s 1), HoAh B S N 3R 3 .



F1H

BEE F AT aE g KABABLEHE0 S 545 5 LAY R BLE T & 207

®2 EWMEANBEXSH

W 50 km/h
i BT oo
HE 75km/h
e KA 3kg
TN A 1.5kg
Lt e B 5007
A THIAR 0.2m?

3.2 BUAMREIIE

A S 56 AE /N AR KR B P B A v X
ALNS R 13 % 5 Gurobi 3K fift 2% 75 21 (0 f# 2E 17 L
BTN, SER B T 1 AR HE S, K R
TR B 812, L HE 2 A L BRI AT 25BN

®3 BAEMEXSYH

SA VNS GA ALNS
T KA IR AR - 1000 1000 1000
YITHIEE T, 0.01 — — 0.01

PRI R 5y 0.98 — — 0.98
BRI T 0.001 — — 0.001
A o, - - 0.2 -

TR RIAR M — — 10 —

SANE 29N — - — 0.9

RES W - - T wi=55w =30,

w3 = 15, w, = 10

WLIEAT S 56 bl 488, %ok - RO S48, 22 4 2 4 %
WRZEAE 3 30 AN, ¥ 7€ Gurobi A 32 15 AT I A] Ry
1800 s, Xt 45 B AT LU g, s2 0 45 B & T 4.

%= 4 ALNSE:5 Gurobi KIFHIXTELLE R

Gurobi ALNS
HAp -k GAP
B i H] / s BATIA /s B i H] / s BATIA /s

P1-n9-k2 8 47253 15315 4805.4 274 —1.7%
P2-n9-k2 8 4678.1 2632.4 4946.6 29.0 —5.7%
N Pl-n11-k2 10 5014.8 1633.7 5098.6 29.5 —1.7%

P2-nl11-k2 10 5216.7 3982.1 5216.7 29.6 0.0 %
P1-n13-k2 12 48872 2428.5 4956.6 30.2 —14%

P-n21-k2 20 9543.2 1800 7640.2 32.3 19.9 %

A-n32-k5 31 28246.8 1800 19999.6 39.7 29.2 %

N A-n36-k5 35 385925 1800 20444.9 424 47.0 %

KA

P-n40-k5 39 24957 1800 12451.4 41.7 50.1%

P-n51-k10 50 31520.2 1800 143822 49.5 54.4%

P-n60-k10 59 43851.5 1800 17289.5 46.8 60.6 %
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ISEEG S5 5L, 51 N GAP A R /R %) Ll 5 ALNS

fIZZEE, GAP (577 300 R s
Tx — Tarns

GAP = max{Tx, TaLns}
H.rif: T 9 Gurobi. SA. VNS 58 GA KRG IR, Tarns
9 ALNS R 75 (1) i 325 B 8], SE 36 3148 #E1T 7 Wilcoxon
AR5 AR, ok RY RORIESS € 0 /4T
ERT B 2 MR Z N, R~ FoR B2 ML T
MFTHE IR Z AN, K ALNS 5 Gurobi 3R fif ) 5256 45
R TR 4, ALNS 54 F000f LIRS Rk T3S,
1% 4 ] S, ALNS 72 Jir A3 /N BSR40 2R LA
U, 5 AR AR Z 0~ 5.7 %, H ALNS Kz 17 i [A]4X
3 30's, Lt Gurobi Y #E B 11 S (] /> B0 £ X 32 22 2
AR A % FE 58 =, Gurobi FY R e [8] 2 i 55451 R
S PR 184 KT 3G . A2 K R 451 E, ALNS 723847 I
[ SR A 7 & B B A — e AR, 7E 1€ Gurobi 3K

(34)

fif 1800 s FYIHT 2 N, ALNS 7 LLTE 50 s LA PN 3R 753 &
fifg, 1 i Gurobi SR AR 25 511 19.9 % ~ 60.6 %.

7 55 Ho A %o Lo Bk 1 B e rp, AR R 5 W A5, 7
fife T 5 R 77 THT: ALN'S 573 78 25 P oSS (1) 55451 i
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RO/ A5 v BT A SRV O A 1O O R AR T, X
BRI A /N, B9 SR AR il B R R B T i
M. fERAH 40N s DL R o B 54
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fR R BB T 2.3 %o ~ 40.1 %, T HAE K Fp B SR 451
R $2 71 27.0 % PL_E; 5 VNS A EE, ALNS SR i
PP 23.1 %; 5 GA M L, ALNS 3K fig i & 42
TH0.4% ~ 15.1 %. K11, ALNS i EE S B 3595 550 2 3
SEAET TR IR &R e N 4 1 &K BE 1. 7E Wilcoxon
AR5 HA I A, 3o LSRG R~ B 210, RTH
N0, R BTERTA S A B 3 Flot LR AL, ALNS B
% B A5 B A (1 i, p B 2 /s AE 95 % 1) BAS EEKSF T,
ALNS 535 PR B8 2 AR 106 LAk,



208 #= % 5 Bk K %38%
=S ATHEEXTELER
SA VNS GA ALNS
HA 9ok
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P-n21-k2 20 7820.1 30.1 23% 76004 616 —05% 77113 647  09% 76402 32.3
P-n23-k8 22 76747 304  109% 78955 613  134% 8054.8 599 151% 68368 33.7
A-n32-k5 31 24613.0 362  187% 278582 682  282% 20481.9 736  24% 19999.6 39.7
A-n36-k5 35 269272 364  24.1% 268037 639  237% 20630.7 769  09% 204449 424
A-n38-k5 37 279325 359  349% 241935 710 24.8% 18379.4 78.9 1.0% 18192.6 413
P-n40-k5 40 165471 354  248% 154237 602  193% 128577 735 32% 124514 417
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P-nl0l-k4 100  28066.6 572  135% 330984 1105  26.6% 244353 1197  0.6% 24290.4 62.9
Rt 0 0 0 210
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