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A Literature Review on Drone Delivery Problems and Optimization
Scheduling Methods for Drones

Hong Fangyu', Wu Guohua®

(1. School of Traffic and Transportation Engineering, Central South University, Changsha 410073, China;
2. School of Automation, Central South University, Changsha 410083, China)

Abstract: With the introduction of policies related to low-altitude economy,drone delivery, as an important driv-
ing force for enhancing new types of productivity,has gained widespread attention. Due to the limitations of
drones in terms of batteries capacity and payload constraints, scholars have conducted extensive research on
drone delivery models and systems. This paper aims to review the current literature in drone delivery and explore
possible future research directions. This paper is conducted from three perspectives: the types of drone delivery
problems,the modes of drone delivery systems,and the optimization scheduling methods for drone delivery sys-
tems. First, drone delivery problems are categorized into three types based on the services provided: pick-up only,
delivery only, pick-up and delivery simultaneous, and point-to-point delivery. Second,drone delivery modes are
divided into two categories based on whether drones are the sole tools for pick-up and delivery:drone delivery
systems and vehicle-drone collaborative delivery systems. Third, the paper introduces common optimization ob-
jectives in drone delivery problems, and reviews both single-objective and multi-objective optimization methods
for solving drone delivery problems.

Key words: drone delivery; vehicle-drone collaborative delivery; delivery only or pickup only; pickup and deliv-

s B HA:2024-12-06
HEWMB : FHK A RFEIL 4T H (62373380)



N
®
St
b
e
S

i
g3
=

2025 4F:

ery; point-to point delivery

Citation format: HONG F Y, WU G H. A literature review on drone delivery problems and optimization
scheduling methods for drones[J]. Journal of East China Jiaotong University, 2025, 42(3): 1-11.

Bifi 25 W it A Mk B9 % J RS AN AILRE B AR B
B TCAHLE T 12 0 T 45 b 2 8 0, QA 2 i
1% A R AR A IR AR, o R ALY
UL S AR R I — I i TR, T AL
SRy T A, B R R AR A B N
AAEME E LS O B W T e Jfm — A R
AT

5L R BCR B AR L, T AMLLS) R
HZ TH#AE. B RAVH TY R ECEJLFA2ZIE
% A 8 AR 1O P IR o -2 Mg peash LG FR 7, T AR
PR WU R ASOR I T R IR IE A, A B = i 42
P VP2 ERFHLIX IEAE RG2S A L, &
Rz &5, filan, J EC Az E 20~ R T AL
Yy Z e e (58 1L 134 5 2t 74, o
TR TV ATGRING B A5 8 A2 S T 3 50 1 T
NG ) A48 2 4> To AW i il i X F1 34~ T
NAUASAS I T I DX 28 5 TR SR 149 0 T S
KufE st T I AP B RE RS LR,
EEg ik 77 SO L, To ABLBL % 7T LA S0z i N
THCER T,

TAPLREG B 2 THAE B ITC AN T W i
LU 2 2SR B BR 1 o TC AALA] DL 2 P
PRI FNC L IR 55, A AT RE A B fi — A LY
T 26 71 oA B4 A A 45 Jo d , U LR AE S 5% B 48T A
Bio SR, i TR AN L A A B, H Al
AHUTEY) I BC K B 52 31— B 293, I RATIE 8 24
WA ERE )R, UL, 8 e A LSS K
FEl L 2 s S A 9% e Bk K, 75 ZE X T A ML It B
3% R R A 5T

Jo AL 3% 1) B2 7E ik 47 7 7] & (travelling
salesman problem, TSP) {9 3Ll [, % JE & Jc AHL
Print Bl o 1 52 22 95, R B 6 P iz 3 v
T KRBT 2R B As , A5 JC A WL i Be ik 7] &
AR BN A=A AR S AE . Garg 5598 1 ¢
T TAM T AT & TAE Y 34 B ME 2
S T FH B =50 23 AT Mot T AL R

FRAS T 29 RN HE AT T DL S TE A HILE R
FHL SRR SR S ek 7 X 4514 . Dukkanci 45
BT T 2016—2023 4F-A47 X To AALELIE MIAF oY, 4
KVETC AN I B 3% 2 40 46 I ARl (e
ol ), HoAth G 3t , e AL T HEL ol 6
e Fof 5% 5 it ST 4 0 DI BB A2 AV 1 e T 42 8 n)
rh IC LA T 2240 A AR R AT
YT TC AW i Be 36 BAT 3010 1o, FH i 5%

SCRE 3 A AF 5T ] P AN G SRR, M TR S AR AR
Wt SR JT LS AT, U 5 R S D A
AT JEEL 3 S0 A HLA) ik 2% ) 8t P A 5% AR, 48 R
KT RERY K R

1 (LR

TN i Bk P AR Bl e A3 i 55 248 R ) AN [
G303 EEE AN B 1 AP AR HRGT i H ik
BE )AL, I A R S — 2R R IR B
IR BT S5 5 55 2 PSR [ st B 6% (], G
AN R AT LAAE S BT R B A A, B AL AT
LA TR] A 58 JSCHRU 6T FIR B2 A 55 5 26 3 S R 3 31 i
IR 5% ) AT, G v B A 4 0 I8 — A P — Py BB
FIR BT 49 10, F5 ZE—A T UL IR G 15 5 75—

AT
1.1 HEURE RE &K in @&
AE HUCOT g H 36 B [n) 8 i 57 e 22 19 8 Hak

PRI, 2013 4F, W Th3eh 12 S TG A ML 2% A HE A
It & A Prime Air Jo AHLPR IS B 1R, B 7E7E N
CRER I % PR AR 551, DHL PR A w317
TS5 FHTE AL — A ZE 3 X AR GE 19 /N 5 il 2%
2y 5", Murray 55 T R ERTE AMLPMA B
Boik . Hoh, TAMAREB NGB &, #EH
RN ZANF PR ECE IR S e Z S5 10 T AR
HE—2E R T XA AL B T — R G 24
Te AL R % 7 4t A 20 TiE 306 il 55 1% 9] 32 (i) R
Dorling 2" H — i 21782 TSP H F i ok It AL
e ik () R, UE R T JC APLEE SRR AT AT i [a] 24



$34

7T, A TN BCI (RS AL BE D7 iAW T £k 3

BRI ATRETE. Song SF R T —FMIF T R AN
ZEWCIE ), Horh Z2 2890 NALAT [l A ) % 7 4
BERCIE MR ST . Wen SEBESE T A JC AALAL SR BL %
B, R/ NTE AWML ) 58 U ZEBC 36 o Luo 551
5T T R I R B R 4 5 T A AL A 2 E 2K A
Ko (LERECHRE T —MZ4MmS Z I AL
[FIBCIR AR, 5 18 1 o ABLA &k far X Jo A AL HL &
PARERY B
1.2 [EIRFENE 52 jE) &

3T PR AT G T J6 AL [R] ) 58 s % 22 B 1) A
2% . HamPWHSE T JC AMLIFATHUGE Rk BT 4
B, T AMLAETE N —A Bk AR 555 AT DL #R R
WG FEAR L 58 BT — AN ELRE AT 55, 308 B A
— NP RS UG 55 PR R 2 . Luo 8P4
BT B RS RIRCG IR %5 R RS T AL
[F] ¢ P TR0, At AT B 0t 5 R/ e AHILTE 56 Gk B2 il
% Ja & P RHEIRDE IS5 . Hong S5 T —Fh
2 To NHLEGE BT FE (R R, B 228 T8 AHLFI H i
H PR 78 R B AR 0T . LA LA ST AR S T
FEABR B TC AL — Uk 2 RE 45 A — 0 2 X — i 4
To B, AT T X —FR$ L IRER T A
BL— W45 7 22 > A0 28 50 BUEE B2AE 55 1 8 B2 ]
M, Meng SEPWFSY T R 45 0 AL R B9 HGE 5%
FEAR RN ], A AT 5 Je AHLAT DAFE —IR RATHh
o 2 g, R PR IEERST FIE B IR 55 .
1.3 =B S EE 5 e

B A5 HRE B ) T A BEAE A T R A % 2 B[]
W R, X I8 R R A RRAE A T 2 — T S Ak
BN FLRE 20 55— A5 2o Ulmer SEPIF5Y T BB
PR AT, — I TC 3% DR FE 2 7 e Wik SR 8] Z A
BYN—HETRBNE T, BT TR
[i) 5 288 U 2% 4 AT ) 9 AN A PR 38 0 o SR 1 52
M, Chen 58 PIET X} 36 A1 AR 32 BV B35 48 17 55 A 1T
P A PR PR DG AR S 55 T, DU RS o e K AL Ry
Jr 00 ¢ BT T BRI B T A DL E . Wang 5524 i
T LT AL BC K ) BB 6 T B T VR O
BT 5 1T B AR DT TC , AR AR A 525 1)l 7 [ o
AR AL I FHEFETT Sk A BeiT 5. DL AR 2
BETALG N I BCR AR, To AL o8 i 3] S Gk
AT TR AR 8 /D . Huang 874 T —Fh G
NALIEE L, 35 T — A DU/ NE SR B[R] Ak
H 5 IR & BB BRI 1 T — et T —

ik AR e CHESR CREAILIE P8 5 ) A Jol 10 o i)
FEAT 55 , ZAE 2R R AT 55 2 1 3 A5 AT 55 94 2 B B 4
Mo Liu ST T —M o AHLBh A 1448 ], Herp
TR SRAL T UMl SRR A R B A T
HE MR SR R AR IS S R B R R . R
SE BRI ] DAY, 08 A8 SRR 1 B 4 32 A 46 1) i)
Lo QRSB S2 , — BRI AU AR R R —
AN A BIRE S GR AT 55 . Meng SFP ST T
AL DT 6 B AR I B B (T )5 26 6% ) 3 T
55 R R 4245 JC AL [ BGE B 1), H o [w) i
WK BT 55 5 ZEIC ML AR 2 A —1> 3 s BT
EEN G — P Sun SFEOHFSE T — R AHLEE T
FEAT RS ASBGE G R BE TRl , JC AL AN Ga T #K il LA
PTG FR DAL 55

MEL B SCHR A A, JE A ML) IE 8 A %
I TEAE AL AP B B R 22 A SR T 31— 14 HUBE ik B 7]
A, HAE R B BT AR 2 B AR 1 Ok A A AR
B BEE DTSRG, TR Y 52 2% BE 7B W B &, L
W, Ee W)Y SRR 2 RS 6 AHLA TR 22 e ik
HARB AN — A7 i B i —ME 55 M
AT AT R 5 SCHRIT 36 WF 58 TC A ML I 2% G R] ik fie 43
UG RIE BT R 55, a5 B IBUE B 1] AU i A B —
1 B T+ 55 e 3] 22 b 6 A HURR 95 B3 ek,
SRR A T HEZ BN R . R
R 3 RS TC AN AILAE AT i A i A e T A
FERE AE 1Y, (HAE AR R 19 308 B 2 B AL
A AR A A TR ER 0 T AL R A5 RE Y S
5 B T AMLAE— AT i [R] 24> % /g Al
AEME

2 &gt

HRAETC AL BC L 22 48 b Jo AR LT Fik
GrIIhe BN TE], mT LOR JC AL R L 6 R G250 N
P2 To AHLBC L A1 TE AHL S Hofthiz iy T2 (a0 -k
A ORI 58 BT G BRAE 55 . Hih, T AHLBC I &

BTETC ALz R G h T A UEME— s F A .
2.1 T AWLEE

Jo ANAILEC 25 38 5 S o AL BL il P[] 56 i
KL S5 o TEX R T, T AL s TR,
FEuli Ry T ANALHRHE b SR IR 55 o o AL
KL PRI E P S PN 3] S . Dorling 4542
T 2 AMLBC R, FEM TR B, TE AL



1 %

s

WKl

2025 4F:

i 3 AT BRATRE U5 TR AT B2 B 25 P Rk 4
BTN BRIz 2BE T o AATRY B 5T 3 B4
HL B R R 38T ) i 2 B AR B TH A 2
G T A Ak A R R AT
I S die /MK TE AN BILAZ AT A B 52 A 1 1) f) o 2%
JERIER o DI AT R AR I 25 S8 T A AR A X e
NALBEFERYSZ A, KRG 1 AR A S . Cam-
puzano 55 PV 5E T AN [A) B R X JE A HLRE FE BY 52
Mo bR AIFY FE R A R AL TE AL A B E T L
£ Tier sy &

AW S 24 Te AL T B 58 BUBGA 54T
55 VIR TR AN R G AR RE . Song 51 Hi
T — A IC AP T BC I AR GE R AR el
T4 i R 88 h A 24 Te AHLEL G F1 24> Te A
Blo Jo ABLHE S, AT AR R BCk oLy, S 5 3 NI
IE NN ZE o T B £ 55 A TC AL o i
A A BN TR R AR IRl o O i i TE 2R AL
BTN AT AN FEHL IR S5 . Wen 51742
TP A T ADLBCRE RS, KA T AN 2
ZUNRITE B F A K, B E X S
RIENHBERNTEAML , /INTe AL f0 2 C R
Lo NICAPLGE MR AL 55 J5 RAETE ALY,
To NALEE il RSO A7 /N JE A AL, Liu 4552 5 SO g
SECI) TAEHE T iX — W58 . Wang SPI0F5E T £
S F 6 AHLBC 2% [, ZEA AT R B 5 v, Z 384N TR
KR TC AN % B B 45 % P, 58
B BCR AT 55 IR I i . o, R Bt IE A
PLIEH IR 55

WA BFECTE T IRANE— K AT P2
ANK FIRSS 1% T, W Hong S5 42 H T — AR T 2
TEANLIE ST R S8 AT BE5E b, e APLAESE
JSE 38 AT 55 T 4k 2 Dy i RCRE IR 95 B9 P IR
%o NREBUA LT RGHCR, T AL TERETIAY A
IR b H AR S TR T 1 A
22 EANESEMEHHRE

TN A= 50 PI3 [v) FC 3128 2 4 K Y I A
X AP Murray 28" 7E 2015 45 IR B H, 7EAlL
TR BETE T — 22 TC AHLAT LLFRSh 58 BT 64T 55, L
A DU —40 R 2 3 ) 58 UIC 14 AT 55 - Agatz %5597
M ATR IS AL i A T ALY R AT R ) R
(traveling salesman problem with drone, TSP-D) .

Mathew £ T —Ff - 421 J0 AL PP R] ) 0 22

Bk X, FEAMATT R A 5E , T LA LR %
PR MR 55 5 = ZEAE S TC AALEC % 1l B i 4
g e NHLAE b A0 B2 52 i L 58 A HAR IR 5 o Karak
GRS T 2T AWLR— R ZE R %
PALEI R IR S5 . Salama "5 T —#i K45
ZITC WL R — 21 P 2 AT =, 78
AT 5T B b R AU S T ALY B - 6
MEE, TANAE PR, o, AR 22
B S5 A PR G, R
S B O B KR T ABLN XA A
FIRCiA 2L . Wang PR T —Fh-R 5 TC AL
DI IE] Ry 3 i G 55 5 P i HETC 26 A 55 AR X TEA
MTEEEgErh R 4288 Jo AL T B A 3T P e
N b SR A A TE B 55 1 75 B A R G % il
%o RAFTCAMUAR AT LLSE AL R L% , R 258
RE Y CEMENIERET-6 . ZEX5%5%
() - 25 TE 6 A XA BL AT DL A%008 /b T % T
Dayarian %5 “F 5% T — BT 0940 28 38 X 8, ZE 1t
TR, R4 T % 7 s ik A g, Jo A HLI
TR ENAEANS o WRE U, TC AP B2
CHEEEPIR Y, REREEETEAE T

Luo F"HFIE T — R 42 5 228 AHLD» A T
R, AR G4 222 T DL G
RIHATECRE , T AHL5E BB IE AT 55 J5 P AR 0] -R =44
SLPAT N —AHCRAE 55, B30 58 I Bk AT 55 5
EHTHNNL— R B, I AL 2T
JE RN 8] % PN U5 7] 26 72 0 58 BB Rk 52T 55, 75
TN 25 52 e 25 7 6 A 55 T AR B . Bl L AT
Z IR B BOR BT 55 1 R A 525800
AHLIE DT 3% B RGE B4 5521, Horr, 58 ik
GRS B TCAHLRT DL R B 5 — AT 2D IR S5 1 %%
PR 45 e AHLAE — AT Hha] [w] 58 s 24
% . Meng WIS T 28R 45 T AWLERE 58
BCHGE B2 9, e ABL— AT LAHE A 2 2 7
ERER DI EZA% T DL ERRBER RS
Te ANHLER ] 58 BUHGE 5841 55 . Cheng %1 T/EAY
B T AR A S T AW FBCE RS, H
o BN A SRR A — 2RI LSS 1B 2 1 i N ofe
ik, NS 4T Is Y R 2 0 [A] I AT DL R HH £ 5%
FEft IR 55 o R T8 S8 AR B — N Sl
A [ 5E B P RE I ], PRI 25 70 AT AR 28 e A S I [
W ZE , e W AT FE LR B 4. X F% P RTE



$34

7T, A TN BCI (RS AL BE D7 iAW T £k 5

AU A2, AP A S 4 A THGE €58 il f 2 i
SESI (S 4 /N o DO W 3 S /Y

B, TS e AHLBE AR 2 d S e AL
Atz i A= I [ R S, AR R 2 7870 0T R
AL B 4 2 ) Al 240 10 3ok b 20
BT A A /N BR ], 6675 T8 A B R 5E mT
AR 55 5 22 Bt 1 7 7 R i B DR FLAY DX
FI R0 00 75 >R MR T4 B — B9 B — 2 HL g 2%
e KA R T [R)I i | BIVIS FCk A5E 2 AR AL K
FHISE B JC ML 28 e e 2R B B A 5 SR 2R 47
s, N AR R i3 @i s =S 8l . R, B E
TR R G R B, 42 A 3h s E AR
ENPWNGIRY S Vg S JIU) Sk

3 KEEAIE

3.1 BHERKE

TE A %A% 1] 81 (vehicle routing problem, VRP)
FITSP i, e /MU RAS (B[] B B Rl KA )
g A WAL B AR, H b AR DA 4 A2
B B B A . B A — RO A T B R B
Lo, A BF SR REFE AR 2% 18 3 iz S A v 1]
TS 1 Y I ] 2 AR R I E) L TE APLECR A
VE 2o 78 v ) S R I 1) IR 5 T 2 P e o8 TR
B FEES 48 T AN R g8 b T ADL B 1Y
Frostia]

2 B AR LR A 5 2 BT LA 43 BORs B
Ja ke B B RE LA SRR AL AR 2 2 e K
B B2 T A s /NRIASE () R P e 0 o Ham ™4 i
— P LRI 7 R i 2 TN 2 B PR G R
[P, Lin 4 — b 8] AR s S50 0 — b 2 0 [ A%
s sk i 2 D0 AWLEDET 6 [, Pei 4614
R I T A SCUD R B RS B S OR A T A PLIR AR
MRS . AR, RS A A0k I T 2 2 R =™, SR
RIS ] T P 3+ B o ] A A, 2003 AR . AR R T
& a & AGEE BRI AL e S O
AR KRBT, Kitjacharoenchai 554 i1 T
— AN RSP I R A R AT AL T4
R BRI T %6 . Li% g il 7 —M T
FERTC AALIH B B R AR08 R F 7L . Mourelo
ZEUIR ] K-means 531 st A% 0k — B R AR AL %2
T ABLHY PR REIN J5 58 o Lin S04 A5 281 R
FHF AR Kk #E 50 I [] P9 25 1 1) 0 24 sk

S, SR AR %k mT LAAT R R Sk I TR
Peng %5 W T — IR A 10t 1% B R i U TSP-
Do Wu SR T 3 T G A% o - i A% gt 12 22 1) 56k 16
7 21 07 R AR 45 AL P [ Bl % [, Il
LSRRI T RAFRYTERE . Wang S5FR T —
iR JEE s A5 ) D TR Aty MR (9 VRP . 0T RY
2t A% s £ 4 WA B B Ry 1 FTE B R SR A TE
PARLINDY ot P R E S iR T NN TR 2 35
Jo ek B gk R T 5
UL BB AT 5 2 883 mT LA FH AN
A Tl (EL A SR B A B i Bk st AR
ATREANRERE o B B DIC P 33325 100 3 T i 2 )AL, {H
I H OB R S BB BN o AL~ T ik A
PSR B TN SR AR B, FLN G ] B 1 i i 2
G BB R B SRR () TR R O I AT AR T
FTRERENILRE S e, LG
32 Z Bt
H TP s o5 H s 2%, AL H AR e
ZEANREW R REH TR o 2 H bR DLl T 2
SERA ZAH AR FARER A I Hoal i %
FUBR LA S0 R it ) — 4R R AT e Ak 4 LUAE A
I JEAE F AR Z AL = fe/ M2 BRI A ) i
AR 5 O LA I 3
minf (X)= (f(X), LX) f,(X) (1)
st: g(X)<0,i=1,2,-+,k (2)
s (X)), LX), f(X) FoR R AL B H A5 pR
B HEN Z AR s g, Hor—A~ H AR 19 ]
i, HA LA HAR AR AR 2255 X = {x,,x,,-+,x, )
TR — n BERY RSB 5 g (X) R 231
Ao R RISt 2 AR FE R, H bRz
(] U] 2 phy 221~ F A RSB 2 Y
2 HARE AL SR A ) 25 2 43— 4 R
T A AN e — i, X 5 R H AR R A
[F] o A 2R AT ATV B o PR3 23 ] P 18 BT A Al SIS i
& HAR M 2 B2 A SRR R R . HIWr
A X, X BSCECOC AR, X, SERE X i R LT
R
Viel,2,m  f(X)<f(X,) (3)
Jiel,2,-m  fi(X)<f(X,) (4)
XA s B RS R B S £
W 2 RO FAR o DR W AN [R] S 26 AR



6 % R

s

WKl

2025 4F:

GEN IR oK, 2 A A A ) i A
AL H AR, Han, Salama 2741 X+ 42 5 T8 AHLE)
[i] P R ALY T A JE AL T AR R 42 R e AL
(AT 3 B 25 45 A Ak B AR TR A 3 BIO R B A
Han S5 8 T — A e /ME-R ZE SRBAE L TC ML
REAEAI R ZE BB R & 5 T AW R £ B i1k
A s Wang &> Fr 00 TAER R E T — AR £S5
AL R R bRAE AT, For s 1 AN E Ak B A%
& B/ IMUAZ i A AR BUAS Z R0, 5 2 A E
B2 fie/ME R 4238 A HLIR B S5 — A7 05 i i
B FF 8] s Das 25 H T — R G4 — 22 JC AHLIE]
B R, IS Tk BAn i/ ME R4S
TEAAUIRAT LA e RAL % P B K F- 1) 2 H BRI
RS ;s Luo 8" X — R 2 5 242 T AL R]
) 5 A R T 0, A 3 T — A/ M R 42 5 AL
1432 i J AR RN S5 K AR BV % P 0 B 1 2 H AR AR
fRARR

X Z Ak H AR I, VRP A R F AR 7
B E 2 HAR AR , I8 FLE B AL & B
FRyEFT KA, BRI, Qne] i & AN W] H bR A9 AL LA
K HRfg AR LAk B AR 2 18] 5 56 R U8R & — A4 Bk
. YT, Z Hin b7 i i i A1 ATk o
5 Bin e s — IRt — N R AH L
Z Hr A 75 vl $2 4k 2 A3 B A5 22 AU 11
fif iy 58 LR e B £ Bin A R 4
AR AL AR AT 23 A 3 20y BRFE S i o R 1), 28
[ A3 PP AR T

NSGA-Tl 25 F i RAT L FC R LR L H
FROGILTE I, B i Deb S Y I B4 AR SCD
i RS, i S 11 S T DG 2R X R T A AR T T 5
GHEFP 07 8 AR A I S 5 Y T 1Y) A )
AR TRV, $145% P HE I 50 meoR Ot B8 A fie 5% 2 o
TS s PRAD SR W ] £ R UEFP R A2 1 [l s i
Pl 8. 4 224 15 NSGA-T iy FEAHES | EfT
TR, B =200 NSGA-IT Ff42 H —Fh
I F 9% B 1 JRy % 2 J7 7 NSGA2-DLS, NSGA2-
DLS 1 FH A (B FIE £k 55 s R il B8 2 56 s SR 4 2 e
I A 6], DAAE SR i FASEES 22 H b ] 8L 3145 i Joi
H NPT 5 . Deng S5 T — et i s
A Sl e At HE P 8 A5 A 1k L 12 R I NSGA-THE N
=R iUy e S B S A LSRR VE A - 5
AW A AL RE A TR AR AE A B b BT AR Y 24

PRSI o R BRI 7 FE SR W& e B4 75 10 )5 A4~
RIEATHE . 1R 2R 2 HARR AR BT, i
B R E T NSGA-TT JC¥E 7E pe 3 23 Ja) vp 4% 2]
A R34 FSCSEOPE () i A X — ] L

5T o i 1 2 B s 0 AL 5E 7 (MOEA/D) H
Zhang FFE ¥ 2 B AR LK )5 R R 2 A hs
R e 1T T D 5 v A P 5 g (1 7
1R SR g AU A FH 5 2Z AR A0 00 I U5 S, X AT DAREAIR
MOEA/D 7E R kAR B 24 B . AT Ao
FW, MOEA/D 7E K fift 22 H b1 0-1 75 4[] 25 A 3% 2
Z BRI BT L 5B o PR R AR T
(] 73 fff B4 AR B T — PP LT H AR 2 (R4 19 H
18 N 2 BARHEL S R A e R H iE
N 43 B S W A 2F A B A AL Ak . Zhao I T
MOEA/D B HESL R H T MOEA/D-AWNS, H %
FEARRUR S 3 A 3 N R R[] RN A 3R A i T
SGEUR , I = AR, L R B AR E
AT 1] WSSt A 22 R D T A B A

Carlos 2 A\ 32 1 1 MOPSO & 5 T 5 hr 1Y
2 HERIEAL B LT, Dai R T —Fp I T
oY 2 B bRk 7 #EOL AR5 (MPSOD) |, iz 831
M T — 2R R 09 5 [ ) i, DA DR > 25 ]
i, ORFEA B 280 . Deng 7T T —Fp
B VNG e A U B S Y A e Y A AT
Ea LA (IPOQEA) , I Tk it = H Axfli ik
[F], Zhang %5 T —Fh il R T-HE 2 H AR
R =R R e Sy I AR B A A
B Ak ) T HAT B AR

4 ZEFRIE

ARSCIRTIBSE 1 6 ALY 3t B Tl Py A SR AT 9
AR AR 118 1) 00 7 Al 55 206 2R 4[] L 73 g BB 8
KB, Rl IRCOE Rk 6, s B g BGR 5T 328 [R]I,
ARG TC ML 22 48 P 19 D REHs BEA 19 TE AL
Y 2 507 A ICNHLICR , TC AL H A 32 i 4= 5
PRRIBCIE P2 o BeA , K o A HLIBGE B3 1] 5K fige
JrEor R AR AL R Z HAR e PIZE . TE AL
YR % 1] 80 B AT A S SCHR A [P RS TR A 2R A A D
RMETT I LARHEAT T REHRR, WARRIITEE I
P TR | EC O 5 S5 B B R A B8 g R D 15 B T
RLAF A FE A,

1) MR LT, RN R G2



55340 7T, A TN BCI (RS AL BE D7 iAW T £k 7

W ARG BORAS . R 2 SCERR B0 2 AT
PLS R4 FE ki AR 45 S IRCB B0k 52 E A 6
CEFN T A 45 | 5 ol 55 20 3% 10 2R W 5 248 37 il
Ao RGUBAEHTJE Qi af i [m] g A B 2 52 B2 M)
Je T NHLY I R Ge vk b 2005 T OCHE R R . %
T, AnAey Lhde A 9 JC B I B 3l el 4
EREINTEAERTEZ 16 {iLE-IRMPLNE VWKL
RYIENIZE DR AFHT T Bl

2) MBS F RETT 7, BRAT Y SCHRER BN fiT 4 T
RN R e R E R AR SL. REHOC
MR IE B JC AMLAE AT FR AL AT RE KA [ 7 I ] 2
Bl , Jo ABLTEAT Ry Fe e B 1 00 T AT LU SR
L, NP RAT R R E . AR, Jo AL A v
FESZ BT AT B2 4 PR S DRI A
RATIRIFFARE E A . i, RZBOCREA %
JE SR KARBERS TENHLIBGR 52 R GERF2 IR - 4 27 K
TN LR RS X TE AN LIS AT H 52 S i o 5
S8, X LEHL T IO AN H T B S 3 5 I i 55 A 2R A
IR, T 0, RSR BT ST % HE T S Py [
o flan, T AP — U] A 2 A R
B, T B B IC AN R IR B BRI LS T AHL A
SRR Z R TTE.

3) WL B RETI 5, )48 B STHOT & 1R
R AMUBGE 5T R GUR 7k (B Tk s A7
TEZACVEA R TR . ATk RZ 2N TN
P A GE R 55 B X b IR) O SRR B 1 22 4k
TR AR M ON T REAR L A 1 22 )l b Jie )
T SRR A2 A R RE ), IR R AR KB RI AR AL
SHSR A J7 vk DLSEBUIC AL IR 22 G A RO 2
ASRBIBESE DT 8] o T H., BUA J5 i R AR5 B AR
RO B ] A BRI 2 R T B S v TR E A T I A
BEE . BT, & EIT R G B amp e s
%o BEAh, B SCRR IR RS R 22 5y BRAE 500 1%
JUR VAN SR B S ip & PRSI . 2T I,
TR T A7 3 B DR DA 38 s 1 I 47 31 5
Titho

SE Lk

[1] DAS D N, SEWANI R, WANG J W, et al. Synchronized
truck and drone routing in package delivery logistics[J].
IEEE Transactions on Intelligent Transportation Systems,
2021, 22(9): 5772-5782.

[2] CHUNG S H, SAH B, LEE J K. Optimization for drone
and drone- truck combined operations: a review of the
state of the art and future directions[J]. Computers & Op-
erations Research, 2020, 123: 105004.

[3] XU B J, ZHAO K X, LUO Q Z, et al. A GV-drone arc
routing approach for urban traffic patrol by coordinating
a ground vehicle and multiple drones[J]. Swarm and Evo-
lutionary Computation, 2023, 77: 101246.

[4] FEAEZE, F TG, BTGk YOLOVSs 198 AL/ H ARk

ML FE[0]. A0 AR 53 272441, 2024, 41(4): 118-
126.
DONG H J, WANG Y X. Research on UAV small target
detection algorithm based on improved YOLOvVS5s[J].
Journal of East China Jiaotong University, 2024, 41(4):
118-126.

[5] MENG ZY,ZHOU Y T, LI E'Y, et al. Environmental and
economic impacts of drone-assisted truck delivery under
the carbon market price[J]. Journal of Cleaner Production,
2023, 401: 136758.

(6] LS. T ] 3l iy 49 i Bk B ik 55 1) 22 TE ML P[] e A2
BLRITTIE[D]. Kb e K2E, 2023,

HONG F Y. Collaborative route-planning methods of
multiple drones for urban package pickup-delivery ser-
vice[D]. Changsha: Central South University, 2023.

[7] SALAMA M, SRINIVAS S. Joint optimization of custom-
er location clustering and drone- based routing for last-
mile deliveries[J]. Transportation Research Part C:Emerg-
ing Technologies, 2020, 114: 620-642.

[8] GARG V, NIRANJAN S, PRYBUTOK V, et al. Drones in
last-mile delivery: a systematic review on efficiency,ac-
cessibility, and sustainability[J]. Transportation Research
Part D: Transport and Environment, 2023, 123: 103831.

[91 DUKKANCI O, CAMPBELL J F, KARA BY. Facility lo-
cation decisions for drone delivery: a literature review[J].
European Journal of Operational Research, 2024, 316(2):
397-418.

[10] CRISAN G C, NECHITA E. On a cooperative truck-and-
drone delivery system[J]. Procedia Computer Science,
2019, 159: 38-47.

[11] YANPIRAT N, SILVA D F, SMITH A E. Sustainable last
mile parcel delivery and return service using drones[J].
Engineering Applications of Artificial Intelligence, 2023,
124: 106631.

[12] XIA'Y, ZENG W J, ZHANG C R, et al. A branch-and-



t

8 % R

S

iR AR

2025 4F:

price-and-cut algorithm for the vehicle routing problem
with load-dependent drones[J]. Transportation Research
Part B: Methodological, 2023, 171: 80-110.

[13] MURRAY C C, CHU A G. The flying sidekick traveling
salesman problem: optimization of drone-assisted parcel
delivery[J]. Transportation Research Part C: Emerging
Technologies, 2015, 54: 86-109.

[14] MURRAY C C, RAJ R. The multiple flying sidekicks
traveling salesman problem: parcel delivery with multi-
ple drones[J]. Transportation Research Part C: Emerging
Technologies, 2020, 110: 368-398.

[15] DORLING K, HEINRICHS J, MESSIER G G, et al. Vehi-
cle routing problems for drone delivery[J]. IEEE Transac-
tions on Systems,Man,and Cybernetics:Systems, 2017, 47
(1): 70-8s.

[16] SONG B D, PARK K, KIM J. Persistent UAV delivery lo-
gistics: MILP formulation and efficient heuristic[J]. Com-
puters & Industrial Engineering, 2018, 120: 418-428.

[17] WEN X P, WU G H. Heterogeneous multi-drone routing
problem for parcel delivery[J]. Transportation Research
Part C: Emerging Technologies, 2022, 141: 103763.

[18] LUO Q Z, WU G H, JI B, et al. Hybrid multi- objective
optimization approach with Pareto local search for collab-
orative truck-drone routing problems considering flexible
time windows[J]. IEEE Transactions on Intelligent Trans-
portation Systems, 2022, 23(8): 13011-13025.

[19] L E 4, B, WA, 55, B T 1 318 0 KA QB R

L 2 D 5 22 o ALY R BC I8 7 vk (0] Pl 5
%, 2023, 38(1): 201-210.
WU G H, MAO N, XU B J, et al. The cooperative deliv-
ery of multiple vehicles and multiple drones based on
adaptive large neighborhood search[J]. Control and Deci-
sion, 2023, 38(1): 201-210.

[20] HAM A M. Integrated scheduling of m-truck, m-drone,
and m-depot constrained by time-window, drop-pickup,
and m-visit using constraint programming[J]. Transporta-
tion Research Part C:Emerging Technologies, 2018, 91: 1-
14.

[21] LUO Q Z, WU G H, TRIVEDI A, et al. Multi-objective
optimization algorithm with adaptive resource allocation
for truck-drone collaborative delivery and pick-up servic-
es[J]. IEEE Transactions on Intelligent Transportation
Systems, 2023, 24(9): 9642-9657.

[22] HONG FY, WU G H, LUO Q Z, et al. Logistics in the sky:

a two-phase optimization approach for the drone package
pickup and delivery system[J]. IEEE Transactions on Intel-
ligent Transportation Systems, 2023, 24(9): 9175-9190.

[23] MENG S S, GUO X P, LI D, et al. The multi-visit drone
routing problem for pickup and delivery services[J]. Trans-
portation Research Part E: Logistics and Transportation
Review, 2023, 169: 102990.

[24] ULMER M W, THOMAS B W, CAMPBELL A M, et al.
The restaurant meal delivery problem:dynamic pickup
and delivery with deadlines and random ready times[J].
Transportation Science, 2020, 55(1): 75-100.

[25] CHEN J F, WANG L, REN H, et al. An imitation learning-
enhanced iterated matching algorithm for on-demand food
delivery[J]. IEEE Transactions on Intelligent Transporta-
tion Systems, 2022, 23(10): 18603-18619.

[26] WANG X, WANG L, WANG S Y, et al. Recommending-
and-grabbing: a crowdsourcing-based order allocation pat-
tern for on-demand food delivery[J]. IEEE Transactions
on Intelligent Transportation Systems, 2023, 24(1): 838-
853.

[27] HUANG H P, HU C X, ZHU ], et al. Stochastic task
scheduling in UAV-based intelligent on-demand meal de-
livery system[J]. IEEE Transactions on Intelligent Trans-
portation Systems, 2022, 23(8): 13040-13054.

[28] LIU Y C. An optimization-driven dynamic vehicle routing
algorithm for on- demand meal delivery using drones[J].
Computers & Operations Research, 2019, 111: 1-20.

[29] MENG S S, CHEN Y R, LI D. The multi-visit drone-assist-
ed pickup and delivery problem with time windows[J]. Eu-
ropean Journal of Operational Research, 2024, 314(2):
685-702.

[30] SUN X T, FANG M H, GUO S, et al. UAV-rider coordi-
nated dispatching for the on-demand delivery service pro-
vider[J]. Transportation Research Part E: Logistics and
Transportation Review, 2024, 186: 103571.

[31] CAMPUZANO G, LALLAR E, MES M. The drone- as-
sisted variable speed asymmetric traveling salesman prob-
lem[J]. Computers & Industrial Engineering, 2023, 176:
109003.

[32] LIU H, WU G H, YUAN Y F, et al. An iterative two-
phase optimization method for heterogeneous multi-drone
routing problem considering differentiated demands|[J].
Complex & Intelligent Systems, 2024, 10(5): 6449-6466.

[33] SCHUMS, (LLE4E, b, J T =B B AL i K IE A LA



55340 7T, A TN BCI (RS AL BE D7 iAW T £k 9

/N TE WL I 3% I vk [0, 2 1 318 15 0, 2024,
41(8): 1386-1395.

WEN X P, WU G H, XIA'Y K. Three stage optimization
method for large UAV assist small UAV parcels delivery
[J]. Control Theory & Applications, 2024, 41(8): 1386-
1395.

[34] WANG X D, LIU Z Y, LI X P. Optimal delivery route
planning for a fleet of heterogeneous drones: a reschedul-
ing-based genetic algorithm approach[J]. Computers & In-
dustrial Engineering, 2023, 179: 109179.

[35] AGATZ N, BOUMAN P, SCHMIDT M. Optimization ap-
proaches for the traveling salesman problem with drone[J].
Transportation Science, 2018, 52(4): 965-981.

[36] MATHEW N, SMITH S L, WASLANDER S L. Planning
paths for package delivery in heterogeneous multirobot
teams[J]. IEEE Transactions on Automation Science and
Engineering, 2015, 12(4): 1298-1308.

[37] KARAK A, ABDELGHANY K. The hybrid vehicle-drone
routing problem for pick-up and delivery services[J]. Trans-
portation Research Part C: Emerging Technologies,2019,
102: 427-449.

[38] WANG H P, SONG S Y, GUO Q H, et al. Cooperative
motion planning for persistent 3D visual coverage with
multiple quadrotor UAVs[J]. IEEE Transactions on Auto-
mation Science and Engineering, 2024, 21(3): 3374-3383.

[39] DAYARIAN I, SAVELSBERGH M, CLARKE J P. Same-
day delivery with drone resupply[J]. Transportation Sci-
ence, 2020, 54(1): 229-249.

[40] CHENG R, JIANG Y, NIELSEN O A, et al. An adaptive
large neighborhood search metaheuristic for a passenger
and parcel share-a-ride problem with drones[J]. Transpor-
tation Research Part C: Emerging Technologies, 2023,
153: 104203.

[41] AL30E, Bb%, T/ 06, 55, 25 KAWL B Ik BF T 25
R[], EHI S P, 2021, 36(10): 2313-2327.

REN X, HUANG H, YU S W, et al. Review on vehicle-
UAV combined delivery problem[J]. Control and Deci-
sion, 2021, 36(10): 2313-2327.

[42] LIU Y C. Routing battery-constrained delivery drones in
a depot network:a business model and its optimization-
simulation assessment[J]. Transportation Research Part C:
Emerging Technologies, 2023, 152: 104147.

[43] PEI Z, FANG T, WENG K B, et al. Urban on-demand de-

livery via autonomous aerial mobility:formulation and ex-

act algorithm[J]. IEEE Transactions on Automation Sci-
ence and Engineering, 2023, 20(3): 1675-1689.

[44] HONG I, KUBY M, MURRAY A T. A range-restricted re-
charging station coverage model for drone delivery ser-
vice planning[J]. Transportation Research Part C:Emerg-
ing Technologies, 2018, 90: 198-212.

[45] KITJACHAROENCHAI P, MIN B C, LEE S. Two eche-
lon vehicle routing problem with drones in last mile deliv-
ery[J]. International Journal of Production Economics,
2020, 225: 107598.

[46] LI H Q, WANG H T, CHEN J, et al. Two-echelon vehi-
cle routing problem with time windows and mobile satel-
lites[J]. Transportation Research Part B:Methodological,
2020,138: 179-201.

[47] MOURELO F S, HARBISON T, WEBER T, et al. Opti-
mization of a truck-drone in tandem delivery network us-
ing k-means and genetic algorithm[J]. Journal of Industri-
al Engineering and Management, 2016, 9(2): 374-388.

[48] LIU H, LT X M, WU G H, et al. An iterative two-phase
optimization method based on divide and conquer frame-
work for integrated scheduling of multiple UAVs[J].
IEEE Transactions on Intelligent Transportation Systems,
2021,22(9): 5926-5938.

[49] PENG K, DU J X, LU F, et al. A hybrid genetic algorithm
on routing and scheduling for vehicle-assisted multi-drone
parcel delivery[J]. IEEE Access, 2019, 7: 49191-49200.

[50] WU G H, FAN M F, SHI J M, et al. Reinforcement learn-
ing based truck-and-drone coordinated delivery[J]. IEEE
Transactions on Artificial Intelligence, 2023, 4(4): 754-
763.

[51] WANG C H, CAO Z G, WU Y X, et al. Deep reinforce-
ment learning for solving vehicle routing problems with
backhauls[J]. IEEE Transactions on Neural Networks and
Learning Systems, 2025, 36(3): 4779-4793.

[52] THER, BREES, SRAR. T A & 0 22 3 IEA il T B

T 2 QAR AL D). 5 2RI, 2020, 35(3):
604-612.
DING J L, CHEN J X, MA X R. Multi-objective optimi-
zation of light oil production in atmospheric distillation
column based on self-adaptive differential evolution[J].
Control and Decision, 2020, 35(3): 604-612.

[53] CHEN H K, WU G H, PEDRYCZ W, et al. An adaptive
resource allocation strategy for objective space partition-

based multiobjective optimization[J]. IEEE Transactions



10 % R

s

WKl

2025 4F:

on Systems, Man, and Cybernetics: Systems, 2021, 51(3):
1507-1522.
[54] HUAY C, LIU Q Q, HAO K R, et al. A Survey of evolu-
tionary algorithms for multi-objective optimization prob-
lems with irregular pareto fronts[J]. IEEE/CAA Journal
of Automatica Sinica, 2021, 8(2): 303-318.
5o, MRSy, ZRdlee, F R T RN RGN Z H
PRI I]. 6 5 He0R, 2024, 39(4): 1113-1122.
ZENG L, ZENG W J, LI Y Y, et al. A multi-objective evo-

—
W
W

—_

lutionary algorithm based on adaptive aggregation dis-
tance[J]. Control and Decision, 2024, 39(4): 1113-1122.
EIEE, BROTHS, SR, 55, BT A ST R I im i 2 75
i 19 8 2 H b A B3 (0] BKOPF 24 41, 2023, 34(9):
4096-4113.

LIANG Z P, LIN W P, HU K F, et al. Many-objective evo-

[56

—_

lutionary algorithm based on curvature estimation of Pare-
to front[J]. Journal of software, 2023, 34(9): 4096-4113.

[57] DEB K, PRATAP A, AGARWAL S, et al. A fast and elit-
ist multiobjective genetic algorithm: NSGA-II [J]. IEEE
Transactions on Evolutionary Computation, 2002, 6(2):
182-197.

[S58] HAN Y Q, L1 J Q, LIU Z, et al. Metaheuristic algorithm
for solving the multi- objective vehicle routing problem
with time window and drones[J]. International Journal of
Advanced Robotic Systems, 2020, 17(2): 172988142092
0031.

[59] WANG K Z, YUAN B, ZHAO M T, et al. Cooperative
route planning for the drone and truck in delivery servic-
es: a bi-objective optimisation approach[J]. Journal of the
Operational Research Society, 2020, 71(10): 1657-1674.

[60] ZHANG H Z, ZHANG Q W, MA L, et al. A hybrid ant

colony optimization algorithm for a multi-objective vehi-

cle routing problem with flexible time windows[J]. Infor-

mation Sciences, 2019, 490: 166-190.

WRECRE, (LR, B, 25, 56T HbRas ()30 70 F s R

% AARIHCBIR[T]. Hf254R, 2018, 29(9): 2649-2663.

CHEN H K, WU G H, HUO L S, et al. Objective space

[61

—_

division based adaptive multiobjective optimization algo-
rithm[J]. Journal of Software, 2018, 29(9): 2649-2663.
[62] MCCLYMONT K, KEEDWELL E. Deductive sort and
climbing sort: new methods for non-dominated sorting[J].
Evolutionary Computation, 2012, 20(1): 1-26.
[63] ZHANG X Y, TIAN Y, CHENG R, et al. An efficient ap-
proach to nondominated sorting for evolutionary multiob-

jective optimization[J]. IEEE Transactions on Evolution-

ary Computation, 2015, 19(2): 201-213.

[64] HU W, YEN G G. Adaptive Multiobjective particle
swarm optimization based on parallel cell coordinate sys-
tem[J]. IEEE Transactions on Evolutionary Computation,
2015, 19(1): 1-18.

[65] CHENG R, JIN'Y C, NARUKAWA K, et al. A multiobjec-
tive evolutionary algorithm using gaussian process-based
inverse modeling[J]. IEEE Transactions on Evolutionary
Computation, 2015, 19(6): 838-856.

[66] ZHANG X Y, TIAN Y, CHENG R, et al. A decision vari-
able clustering- based evolutionary algorithm for large-
scale many-objective optimization[J]. IEEE Transactions
on Evolutionary Computation, 2018, 22(1): 97-112.

[67] ZHANG Q F, ZHOU A M, JIN'Y C. RM-MEDA: a regu-
larity model-based multiobjective estimation of distribu-
tion algorithm[J]. IEEE Transactions on Evolutionary Com-
putation, 2008, 12(1): 41-63.

[68]QIY T, YU JS, LI X D, et al. Reservoir flood control op-
eration using multi-objective evolutionary algorithm with
decomposition and preferences[J]. Applied Soft Comput-
ing, 2017, 50: 21-33.

[691 QI Y T, BAO L, SUN Y Y, et al. A memetic multi-objec-
tive immune algorithm for reservoir flood control opera-
tion[J]. Water Resources Management, 2016, 30(9): 2957-
2977.

[70] BADER J, ZITZLER E. HypE: an algorithm for fast hy-
pervolume-based many-objective optimization[J]. Evolu-
tionary Computation, 2011, 19(1): 45-76.

[71] LIU C, ZHAO Q, YAN B, et al. Adaptive sorting-based
evolutionary algorithm for many-objective optimization[J].
IEEE Transactions on Evolutionary Computation, 2019,
23(2): 247-257.

[72] BE=—, 4230, TR K. — R T %5 B2 (Y R A8 R NS-
GA2F3E ). #hil 5Pk, 2018, 33(1): 60-66.

LISY, LI WJ, QIAO J F. A local search strategy based
on density for NSGA2 algorithm[J]. Control and Deci-
sion, 2018, 33(1): 60-66.

[73] DENG W, ZHANG X X, ZHOU Y Q, et al. An enhanced
fast non-dominated solution sorting genetic algorithm for
multi- objective problems[J]. Information Sciences, 2022,
585:441-453.

[74] ZHANG Q F, L1 H. MOEA/D: a multiobjective evolution-
ary algorithm based on decomposition[J]. IEEE Transac-

tions on Evolutionary Computation, 2007, 11(6): 712-731.



55340 7T, A TN BCI (RS AL BE D7 iAW T £k 11

[75] ZHAO Q, GUO Y N, YAO X J, et al. Decomposition-
based multiobjective optimization algorithms with adap-
tively adjusting weight vectors and neighborhoods[J].
IEEE Transactions on Evolutionary Computation, 2023,
27(5): 1485-1497.

[76] COELLO C A C, PULIDO G T, LECHUGA M S. Han-
dling multiple objectives with particle swarm optimiza-
tion[J]. IEEE Transactions on Evolutionary Computation,
2004, 8(3): 256-279.

[771 DAI C, WANG Y P, YE M. A new multi-objective parti-
cle swarm optimization algorithm based on decomposi-
tion[J]. Information Sciences, 2015, 325: 541-557.

[78] DENG W, XU J J, ZHAO H M, et al. A novel gate re-
source allocation method using improved PSO- based
QEA[J]. IEEE Transactions on Intelligent Transportation
Systems, 2022, 23(3): 1737-1745.

[79] ZHANG X W, LIU H, TU L P. A modified particle
swarm optimization for multimodal multi-objective opti-
mization[J]. Engineering Applications of Artificial Intelli-

gence, 2020, 95: 103905.

FE—EE UL T (1995—) , &, WL WG WE5E Ty oy
BRe AL S Ty s 5 T ALY i 8 B2 . E-mail : fangyu

hong@csu.edu.cn,

OPSE= VR AT S N = e

#Al . E-mail : guohuawu@csu.edu.cn,

(DTG A £ 41 57)

R IHE B REAE 55



