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Abstract

Establish rural background order truck and UAV collaborative distribution logistics network, based
on minimizing the summary cost, build the drones multiple visit and truck with distribution linear
mixed integer planning model, using the adaptive large neighborhood search algorithm to solve the
effect of the model and algorithm. Research shows that drones-truck collaborative distribution than
separate truck distribution saves more cost, and carry more drones truck-drone distribution sys-
tem compared with only a single drone truck-drone system and separate truck distribution system
is better, adaptive large neighborhood search algorithm solving this model is better than the CPLEX
solver.
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1. 518

AR, Bl BT 85 A G SR JE R R 3 7R 55 R0E, RELM A& 7 R AE T IR A %
Az, WAL BRI R AL S RS AR A RIS R, TR, KR, N TEREMIRE T,
2 LTS, BB R, RO AR AR 1] TR TN R S, PR
Blik R FFEE K, VRIS G “Bf5— A B ki 2 3kk2]. 45+ B E XS R(2021a)8@ 4%
(IR, 2020 A 4E2 I o i 81 39.198 iAot NIRRT, A A (1 5 = i B B4 9.759 J314
NE . 2019 FE4EECHT il 4 MR A, SZULEIE, 2020 FE4L 2391 2% 5 28 S A B R B4 3.9%, SR 7E
25 T AU POE LI Sl A K 14.5% M1 31.2%, 1 TLAF ARS8 KR 4> IR 24.8% M1 32.5%, 1ELkE 4
b 55 s Ak 55 b T S SRR ST K [3]. BRI, RS G 4 F JE AL s 7 2R e e g — 2 L I R =
BRI SR o

OV B Py ab a3 5t 2 45 8 ML B I 2250 26 42 10 AT B 72 . Murray 55(2015) % - I JE AL & Bk
Fict 32 7ite 47 7 17 & (FSTSP)FH G AL I IDE LS PR AT 78 17) R (PDSTSP)REAT T A 78 o 3 199 28 ) 3L 1y o LA T
R UL — B PR — N E H— DR P R RESE TANIRS — IR, IX LR 535 DABCIE I ] B /s
L B LA REFFBREEREAXT, REHEHE X —HE 7 A S QA RRE, G
MHUAERBE R EFP S, (NFREMNGEH R, SERECEGRZIGRE, EHER, 2N R A%
AR B )2 s AR AN REBRIBBECIAET, RESE T LA —EHETEZE, HEATEAN
R —REFIEN T S SWR L RIS, HA R s — R, REAE R4 8miE~—
ANE e, HERI AN G HE— % s BTG ANL[4]. £ R PFp R, f5akm a1t T
— RN . Schermer £5(2019)/& H ) FSTSP wi g A —Fh o AW - REREEAE, AT “&f5F—
AR, FER RS Z T AN L MURFRR R T T @B 7L, IRV EANLIE 2 T R[5].
Dayarian %5(2020)#& t iy A T AN SRR ECIE BB AR , A T R 2GR BT A KA T8 AWUAE L 58 B
JERHHRATE T =& s, RETUIEE N2/ LR AN A6l G2 RES52h
HUBCIE v A 15 2 A DG 78, 40 Wang 55(2019) %) 24~ 5 2 T AN [FIFE (AR IR 55, (H G2 ) it
10 52 25 R P o e DA, AR AN I 280 [ N A 3 7 B 9 2 1 BH 45 (2018) 7E 1 A 0 A LA B (1 it
A7 7 1) R P Bl L AL AR BT AL = 2 P R B AR R ) R 7] A8 45 (2019) A ik ¥ e, WEAL T
BARZEZT0 ML FIBCIE R BUZ B AR o), SRR T AR [ BB AR Y 3 R s R AR 8]

FESRFARATT T, XIAE 25 (2019) 7% FEIN AR PR ¥ 5 R 42 5 B 0 AN LER G TCIE (1 BR A2 R 7] 7, 257 MILP
R 3 5% ) 4 S U8 Bk RN AR AR e 48 R SR AR [8] . Boccia 25(2019) LA fe /IMAAT Bl B A A1 25 71 543 Ik 1]
ARAL H B 4% A T AL IR AT i o) A, i B e SR B2 K-means 5 A SRR BLVE KA [9] -

g LA, B SCER R ZE - B AN FIECIE S F AT SRR T TR AT TR, K% - &
AR Bz 1) R M e I TR e A, R E AR R SZ IR, 1 2 R 22 2 T AL in)
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St I3 RIR B U () s AR R, DRI B 22 22 e AHLAE B R AR 7 5% T W] AEAT 38 2 (4L
SE AT AT TE A Sk = B8 IO E,  BRAT TR SE PR AR B SR LSO R 4 - T AN R G RE & A4
PEREDRAL . USR] 1 AR R R (8, BORE AR, TR AR & N R A A 9T TT i
—I[10]. BRI, AR RBIARE - EANUEALER LB RS, X RESZ AN, TANLTTE
W2 FRH S REMFKAERGERE, 5o B &R K I 2R FE AT RO U REAL A i S 1
SRAE, ST IR &

2. R ERESHEMU 2T
21 Rig5E&H
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dP: FEABLM i S8 j 5 OB
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ty : AN @ 208 j AT i ]
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X, o CHEBIGEE R, FHREL ()N 1 B O;
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Wy o BRI GOSRASE, AR T R EE TIEANL D 9 1, BRI 05
Ak LR, BB AR

al: SRR, TN d B A IR

bo: EERAARE, TN d PO RENE | R 85t AT Il
by HELASASE, TEANL A BRSEBIT | AR AT A

22. BREY
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s.t.zjeN xg =1 2)
2 X =1 3)
YR (2) 1 (3) B PR R 2L M GEE UG A s BS T I e AR IR B 31 24 0E 55 t
ZieNS ij :Zhewl X VieN 4)
ZIR @) NRESFE, B REAIEL ST S BN, WA 1% s 3
ngNt Y +Z,-€Nt Zgq = ZieNs Yita ‘FE:J-eNt Zyy,vd €D 5)
ZIR (B) KR L ANLAIE & ST E
Dien Yiid T i, Zia = Donen Yind T Do, Zina» VI €N, Vd € D (6)
21 (6) R~ L AN R 7
Dien, Yiia + 2w, Zjg SLVi €N, vd D 7
LR (7) RN T AN A BE B 7 7] R
> X <LVieN ®)
2R (8) RN REANREE R Ui 0] B2 4
Zyy <%, V(i,j)e A,vd e D (9)
ZIR Q)R HAARE, REBBLANE, ZTANA TS IES)
2oien, %+ 2w, 2aen Vi 21= 2o Wi VieN (10)
2ien, % + Do, 2aen Yis S1= 240 Wia Vi€ N (11
ZIR(L0) ML) RN A | AR RS RIS f, WhZ S F BACE -RESTE AN —Ik
Z.EN ij +Z|eN yud +ZheN XJh +ZheN thd —3W1d ’VJ eN,vdeD (12)
2oien, %+ 2w, Yia + 2en, Xin  Donen, Yina <242y, VjeN,vd € D (13)

AR (12)M(A3) I AR TS =Rl IR R L 15 -

JBOREMCY R R EANLE R TTR j s, B2 RERBBIZEANLETTS

§ ORI R B j R A R 45 i BAEIZ RO S AL Z 5 & B AR T — 1 A

§ BB AT i MR T i, eI R T ANV R %, B2 Ja RO B AL B BT

alf zaf +1f —(1-x; )M, Vie N,,vj e N, (14)
aj, >ag +t) —(1-x, )M, Vie N, VjeN,,vd € D (15)
L (14) FI(A5)HE) B ZEAIRIK T R AR IR ) 225K
ajy zag +t) —(1-y;4 )M, Vie N, Vje N, vd € D (16)
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29T (16) (174 B Ie AL 5 5 I ] 25K
aj <Ly 8 i Vi e Ny (18)
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aj < L(ZigNs Vi + i, Zi ),vj eN,,vdeD (19)

2R (18) FI(19) 44 F e K LA s [a] B sl

by <(1-wy)M,Vie N, vd e D (20)

2 (20) 227~ To NHLFE R ST A H B LB i
b;; >b; —Mw,,,Vie N,vd e D (21)
b, <bg +Mw,,VieN,vd e D (22)

L)W (21) M1(22) F /s AL R BCIE I ZIEFEHE
by b +t) —(1-y;4 )M, Vie N, VjeN,vd € D (23)

Ly (23) % To KUK % s 17 B H K AT I ) EA T S
by <eX. .\ Vi VieNvdeD (24)

Yoy R (24) B 1 T AL B B K BT 1]
2.3. BiEENMAMBEEE

B 3 K RR38 2R 1% (ALNS) 72 RopK A 7E fiff iR 22k T I [ B (1 B0 52 A+F il AL (VRPTW) BT Hh 1) — i
JA RS HIEA AR T X A R S 10 P SR PRI P HAE, BEN BB E, Bk
PR BRAME O HAR[11] e FIRNRZ O LR 2 BV R AR RIS . S sttt Sk #R ks AN B &
BUE R EENLI . LA fff PR 12 52 1 U AN B0 (42 AR 2R AR 45

HH ALNS A7 SIS T A R T Ik oA, SEilid CPLEX SRAG—IMIUGHE, 2R
I 17 R B ARSI T VE R T B 7 1087, @ AWt R AME S ok se ot 2 R A R, B
Yo, It HeAE R — JOSAh EFR LR RS 52 5E RO, R N B T R BA A2
AW AT BOR SAE R AR AT, e HUB SRS VAR, P AU KIS R HEOR DA e R
BZOUA MR, e e b N R i g, AR I R B SR SEAKE ERR, B Ja PR AS H AR
LEHRAEI

ALNS L BARGRAER AT & 1 BIER KA R T IE R

Table 1. Adaptive large neighborhood search algorithm
=1 BENKMEEREE

Algorithm 1. Adaptive large neighborhood search
1: input: initial temperature: Ts, iterations: n, maximum iterations without improvement: Inm
2: Sc«—generate initial solution (3.1)

© S5Sc

i TeTs

10

3

4

5

6: for iteration < 1 ton
7 d«select a destroy operator from ¢~ (3.3)
8

r<select a repair operator from ¢* (3.3)
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9: S.—apply the operatorandrto S, (3.2)

10: i f(S) < f(Sv) (3.4) then

11: S5t

12: else

13: I—l+1

14: if Random(0, 1) < exp((f(St) — (f(Sc))/T) (3.4)
15: S.—St

16: update the weight of the d and r according to their performance (3.3)
17: if | >Imthen

18: S-S,
19: reset the scores of operators and |
20: T—Txc

21: returnS,

3. SCROTFMY

AT ) EE SR B R7-4800 ALFEES, 32GB izfTNAE, 64 £ Windows 11 #:1E RS HITHENL I
HEAT . 3z ISR 2% NCplex12.9, ALNS Sk 4m FEAE Matlab 2021a 58 /.

3.1 SKERIFER

HTRE - TAVLRGH A H AT T R IEEEN B, SRR T RECE RS 2EA A
SCHEAT SEEG,  WOAR SCAN IR RIARE DR /)N B AN (] 5481 = 2R AR AR S AR v X 3eldE AT B AL AR i 7 0742, Hd
SO0 T S SR ) PR RN B L HE AT Rk BT SR ROR,  indE A TR B2 s R A 2 R A
MUIRSS AT R 53, T A AR A BLSERR B R Rl TR R AR, DA 33 LSRR (38R

AL 50 A FVRPD 5ifsil, 3% 5 iz 5 %k, Jvn = {10, 25, 50, 75, 100}, #4170 10
AAFEEAR), HA R S AR E 40 x 40 55 50 x 50 BB 5 ANEG], F/NIRE R B n = {10, 25,
50}, RHUAEIE R n = {75, 100}. TP mEFIEAME— R4 K 5TANL D = 2. Fra B S35 w] LL
B REMRSS, (HAUH 90%0) AU rT LA TE AMUARSS o B A 75 oK d, S 0] LA G AHLAR 25 (% s 7E X
(][0, 20] b BEMLA B, S5 TR 8 = 42 A 45 (9 55 FE [X [R1[20, 100] b BEALAE ff12]. BiX REMA R
Q¥ =3T, TPV =35 km/h 5 % F AN, % KEE QP =30 kg , “FHi#E VP =70 km/h .
NI KSR Ale=1h . & 1 ACEEGTFSE L RE.

3.2. EWHER

AR 50 AT R TR0 T L6 IR, S MR S 5 R R 2
R RTLERENEURR —Br. FAMBIRR T ALNS S04 L 5 AR AR Cplex AR 045
o IFLRERTHE T PRSRAE R HUAR IR t5 52 AR ]

Lrfr 355 R Cplex SRAASCHFH M OBIE, JEHERARIT ITMIZE 3600 5, AR ELHIN T
By, T AR S 056 LB BRI L6 ZC FRPIEAIZ ST IA] TO 55 35 (P A SCHR 4 ) ALNS SEHER
HUBLIG ARSI ATIE S, T B AFHOINIR ALNS SLIREERE, ALNS S RHE MBIk
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Figure 1. UAV truck system instance

E 1 AW - RERGESGIRE

B, TR ESE8 AT AR BAsREUE 28 K — AP T e 7. thahE e = T w s ie
B TR Gape (%) Gapa (%)« Impa (%). FIFE IR T Cplex 5 ALNS BykFEE N AMARE, FER
7v ALNS A% T Cplex SRABMFETHREE . SEIO MR 4 RN & 1 s g L k. b =Iisir Rk
o5l

z¢-z*

ZC

Z¢-B,

ZC

Z*-B,
ZC

FEAITF R A R T3 2 SEIR A R B R . W T 1A 10 MEF SRS, Cplex 5483C ALNS Hik
HT 9/10 M ALfE, 1H ALNS 5L 0P R N 15.3s, b Cplex SRfg#s T 5P 3514 3 15 7] 662.9
SE/NMEL, MR EEIRTIE 25 550 J5, £ Gape (%)F1 Gapa (%) C&ATEAESS BN 0 HITs . i
B AL BN R e 77 235 S R SR AR E b ek BB RS0 RR, (EATD AR mT DUR LR B 7 25 % /7 sl N 28 =20, HiAth
IR AL SR ALNS 3918 T Cplex sKE#S, B i 25 T 1 Impa (%) 1T 3{EHILF] T 10.5, %S4
F+% 50 B Impa (%) UEEI T 24.4, H HAER 7 SIS S 50 2 J5, Cplex SRAFAR IR AR A1) A 2 i
KHFIE] 3600s, AHEEZZ T ALNS SEAAUH RN T 117.9 s P Al 25 B AT LA H ALNS SE7E dr/h il
FURL (0] R 3RAR B BT T SR AR I i B 5 3% .

Gap, (%) = x100, Gap, (%)= x100, Imp, (%)= x100 .

Table 2. Summary table of the experimental results
T2 HNREIERERL DR

A Bi z¢ Vg Gapc (%)  Gapa (%)  Impa (%) TC ™
1 52.1 52.1 52.1 0 0 0 59.5 14.4

2 305 445 445 33.4 334 0 3600.0 153

3 90.9 90.9 90.9 0 0 0 112.3 16.0

10 4 75.7 75.7 75.7 0 0 0 1127.8 16.5
5 88.2 88.2 88.2 0 0 0 409.1 13.2

6 63.3 63.3 63.3 0 0 0 89.9 13.9
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7 57.6 57.6 57.6 0 0 0 851.2 15.2

8 55.8 55.8 55.8 0 0 0 160.9 13.9

9 69.2 69.2 69.2 0 0 0 105.2 16.8

10 77.4 77.4 77.4 0 0 0 113.2 15.5

YA - 63.2 63.2 33 3.3 0 662.9 15.3
1 100.7 1445 136.9 30.3 25.1 5.3 2450.2 38.6

2 56.6 81.6 80.5 30.6 29.3 1.3 1852.3 50.2

3 86.4 130.9 124.4 34.0 29.0 5.0 2863.5 40.8

4 63.9 118.2 107.4 45.9 36.8 9.1 2536.4 45.3

5 71.1 110.6 95.2 35.7 21.8 13.9 2753.2 55.2

25

6 452 116.1 92.3 61.1 40.6 20.5 3205.2 413

7 96.8 136.4 136.9 29.0 29.4 —0.4 1905.0 36.5

8 88.5 147.6 140.3 40.0 35.1 49 2535.5 32.2

9 35.2 104.2 83.7 66.2 36.9 19.7 2580.6 47.8

10 106.2 182.3 153.9 417 26.2 15.6 1789.3 51.9

¥MH - 123.5 1135 415 31.0 10.5 2432.3 44.0
1 98.0 321.3 225.6 69.5 29.8 39.7 3600.0 113.9

2 82.3 152.7 99.1 46.1 35.1 11.0 3600.0 115.8

3 151.9 335.3 195.8 54.7 31.6 13.1 3600.0 119.4

4 92.4 206.2 137.4 55.2 33.4 21.8 3600.0 113.4

50 5 96.5 262.2 192.5 63.2 26.6 36.6 3600.0 120.1
6 102.7 217.6 140.6 52.8 35.4 17.4 3600.0 124.2

7 120.3 237.8 150.0 49.4 36.9 12.5 3600.0 115.2

8 88.6 263.0 145.4 66.3 427 21.6 3600.0 123.6

9 73.9 166.4 124.0 55.6 22.5 30.1 3600.0 110.6

10 144.1 500.3 368.7 71.2 26.3 44.9 3600.0 122.6

I 272.4 182.5 57.5 33.1 24.4 3600.0 120.2

X BB n = {75, 1003238 20 B 5G], ALNS HE R RER IS+ UOR B B 77 058
B VEARTHRERINTT 4 3 KBS SRR .

Table 3. Summary table of the experimental results of big-size
F 3 AHERLRERLER

n=75 n=100
B v 5 . >
z» Vi Gap ™ A Via Gap ™
1 178.6 182.3 2.0 532.2 230.3 236.7 2.7 1131.2
2 1594 163.6 2.6 580.5 248.6 256.8 3.2 1032.7

+

N
£
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3 183.3 186.5 1.7 496.0 196.5 204.2 3.8 960.0
4 230.2 237.0 2.9 558.6 377.2 390.3 3.4 1010.5
5 198.4 203.4 2.5 592.6 297.4 308.2 3.5 1079.8
6 265.7 2715 2.1 513.4 355.9 363.6 2.1 896.4
7 246.1 250.3 1.7 530.8 203.7 206.5 1.4 976.7
8 271.9 276.3 16 613.9 255.6 262.9 2.8 1089.2
9 228.3 2314 13 546.7 278.1 288.7 3.7 1102.0
10 196.8 199.6 1.4 539.3 303.5 309.6 2.0 1040.1
¥ 215.9 220.2 2.0 550.4 274.7 282.8 2.9 1031.9

T L EAL B RSB B B AR (oA A T, B A T NP-hard 1,
FL HE S S 5 4 S A RS E B, BOMER RS sotd LI S5 o
i FRORRY IR S AU (R . B SR SO STHEATH I, i AR BRSPS
2% AL Z* DBF ST T RIBSICEDE Gap(%) = =2 <100

PR AL, SR TH T SO ) A0 B, R 0 75, 100 I, ALNS 51
PRI T4 41519 5504, 10319, {EHFERT (54 T T SZ 4, 115 Gap (6)F49(E4 B4 2.0,
2.9, Hrh Gap (%)Hs/MEN 1.3, HRAE N 3.8, MU n) @i it ALNS 532 K45 (1) B A5 R B -7
AKTFAE, UL AER AP IR ALNS 500 TR MR AT A . 25 Pl DL HiAE KA
I, ALNS i I B R G0 B .
3.3. RGRMTH

JUTEAR SR - RAEBEA L RSB, 3 A= FOR IR 729 4 B R AER A
RO AL 5 RO SIS LIS, (EFT A A REIRR A R TR it
ARIOTABUAE FIHEAT: B WA R4 - T ABUBE TS, JEABER 2. RR I T X
MR A ¢ =1, T ABLTHAG TR A ¢ =02 (112).

6000 E__j %

4000 @ =
- -

2000 = =_

10 nodes 25 nodes 50 nodes

Figure 2. UAV truck system instance
2. TAHL - FRERGHHIRH

FEA LI Atk _E 73 555K G =H 05 AR 08 104 250 50 FRGHIRAREA, Hd
NITE=BRATIE, BONTHE AN, DENTTE—RERE. TUENME RS - TAN
R I& LE A PR T T8 T 2 A .
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AR T — R4 - TTANUBEEBCE R G I @A T 0 R, X AR o g AHLAT AT 2 73K,
5REHAT P RIBCIEA R, IFARBCT AR R 4B ARG R S BT, HAR TR 4

TN R RE PSS A5 TRV (R Ao KR AR N AN RS B, AT ANLAEAT R RS e RS R 55
o, ARAHACIE KRR R RN R, SO B R A G, R AR AN T3 (S B3k B ALIE 5 T RS TE AL
BEATRCIE, [N R 43 o AL LTRAS T T ABLESTAS 2 A AR -

A5 KR WM ALNS Sk ReNs JUALA SO S A RSR %, MHLEACT Cplex SKfgas, BEEZ

RS SR G INTBOR, ALNS i 2 H R B I 3 i 20 s SR R, 4382 50 207 ml i RS i) 7t
I, AIEEAALL Cplex SKARTESRT 24.4%. J HAEROHUARE i) 7t RE i R0 vy ot B e pH 00 A
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