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Abstract

Post-disaster emergency medical resource delivery is an important issue in emergency management
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and resource scheduling. Disaster-affected areas are usually characterized by urgent demand, high
requirements for delivery timeliness, and uneven distribution of demand nodes. Perishable med-
ical resources such as blood, vaccines, and medicines are sensitive to time during transportation.
Delivery delays may reduce their effectiveness and affect service fairness among different disaster-
affected sites. To address these issues, this paper develops a truck-drone collaborative delivery op-
timization model for post-disaster perishable medical resources. The model considers logistics cost,
time-related loss cost of perishable medical resources, and relative deprivation cost. An improved
large neighborhood search algorithm based on multiple destroy and repair operators is designed
to solve the model. Comparative experiments are conducted based on the Solomon benchmark in-
stances. The experimental results show that, compared with truck-only delivery, the truck-drone
collaborative delivery strategy can effectively reduce the total system cost, reduce the time-related
loss cost of perishable medical resources, and improve service fairness among different disaster-
affected sites. The research results can provide a reference for post-disaster perishable medical re-
source allocation, transportation organization, and emergency delivery management decision-
making.
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Figure 1. Schematic diagram of truck-drone collaborative delivery

E 1. +%F - TANHEEE REE

NFER TG, RSO DU N AUR I (1) RO FRA SR AN E SR, &R R
M RE O (2) FATRT SRS — K, Bl R8T AU B — Rz ek ss. 3) &
RS 55 2 AN 7R AL BRI AN MBI 55— AR T R (4) 27 KT mU R 2=
AN R IRERE ST -(5) TEANUBATAE R G2 U5 1) (K75 R K, IR Rl — B AR b R 42 JE 807 19 (1719 s [mI A
(6) AEEICANE C PR, Bl sFm (e, (7) RERMTC AN DAL ol AT RE ® AT, HATHYS
TRAT IR ] T 5 1) P R R i

DOI: 10.12677/mse.2026.154085 834 RS T


https://doi.org/10.12677/mse.2026.154085

FH

22. RESY
WA B S8 1 s

Table 1. Notation description
1. FFSLAR

e L
v, TR A
v=v,u{o} AU S, 0 FRREF L
v, R
b R AT
VP AL AT
I NS 1 B R AT R
B W1 BT A AL AT RS
d, TR R
g LI B 7SR 15 1S BRI
cr oL 25 8 5 RS (v TR 52 e A)
cr 2B AT I S P A A
c? B AL 2L 15 1 i e A
o SR EEST VR R A R
F 1 R 1 LY R 3 R
® B4 37 0 8 1) 55 4 T e A
M R FNINE
x; 0-1 425k, R s WHT AL BN AL j SRR 1, BNH 0

0-1 428, M RAE s WHAITE AN /K, RS TR Rk, FRAETT AL [l

Vi B 1, 700 0

y 0-1 A5, MR ANV -R A 5 FERER 1, A 0
. 01 A5, MR { R 5 SRR ABUR S BER Y 1, 0 0
z. FRTE s i, W1, B 0

s A R

ﬁ o 5 o AR R A LA 4

o o WA A B A S T

” MU 247 84/ B A

¢ AT A T

7 SN 2 (0

r B AT 5 S )

z R RS S

‘ R 5 TS5 A

‘. ok 2 TR

DOI: 10.12677/mse.2026.154085 885 RS T


https://doi.org/10.12677/mse.2026.154085

£

2.3. BIRRBEARES

RKFRAG, NE BT IR 230 3 DA I I A2 45 75 SR R RER F5 oK, IR A IR 2 1 in 32 R
AR RGPS5 T 7 2 R SRS FROAR [ 110 Dyidh— 20 20 I AS [ 75 SR i 22 8 B AR 55 5 RS AR T 22 57 7 2 0 24T
PESR R, ASLS 2 CAT I T 0 TR SRURE A B AR AR, REARK RISF ARG H AR R A 5 e B
STRLL, MR BEWT . 2 hnAE 5 MRS RIS R SR A R EURAE (2], HORAF IR IR, SRRSO
Sz AN A AR I TSR T R B o AN SCUAMR AR oA 2 DRy BRI AR, 255 CUA STk P R A L3 e 1)
22 AL B RN A R SR 1, WS B R T BRI SR R A s A2 i P 36 S 35 X B YRR K
P& R . fEMIRAE b, ASCOAITRA . 5 2 7 B R N 2051 S AR AR <5 BlAs Z A e /Ny
AL H xR, MG 23R T SRR 2 - TE AN RGP, BRI r

minC =C, +C, +C, €))
C=Cr Y +C Yy +CP YT (1 +10) 5, @)
sely seVgiel jev selgieVkeVy jeV
oF;
C = i ]’;2 (3)
? ZV;, 100
C, = Y RDC, 4)
leVy
DC, =wq,T’ +w(d, —q,)T (5)
RDC, = DC,—min{DC,|j eV,} (6)
DSul+ v =LVieV, ™
sely sely
Dox;=uVieV, VseV, (8)
Jjev
Dox;=u VieV, VseV, )
jev
DD v =vi,VkeV, VseV, (10)
i€V jev
ngj =z ,VseVl, (11)
JeVa
> xyy=z,VseV, (12)
iely
Sz <y, (13)
sely
D Vi $X, Vi jeV, VseV, (14)
keV
S Xy =X, VieV,Vsel, (15)
keVy jev Jjev
Sy =X jeV,Vsel, (16)
keVyieV ieV
Squi+ Y gy <O \VseV, (17)
iely ieVy

DOI: 10.12677/mse.2026.154085 886 RS T


https://doi.org/10.12677/mse.2026.154085

F¥h

4,y <O°.Vi,jeV.VkeV, VseV, (18)

(7 +10 )iy < L°.Vi, j eV, Vk eV, Vs eV, (19)
ty=0,VseV, (20)

628 +t,+t; ~M(1-x;),Vi,jeV, Vs eV, @21
T2t +t,~M(1-u),VieV, VsV, (22)

T, 28]+ +t, M (1=}, ), Vi, jeV,Vk eV, Vs eV, (23)
628 +1] + b+t ~M(1=y}, ), ViJ eV, Vk eV, Vs €, (24)
T>T,VieV, (25)

T 2t,VieV, (26)

[= 1 +Valx <, |-LvijeV, iz jseV, 27

u < f <V |u VieV,, seV, (28)

g, =d,VieV, 29)

x; e{O,l},Vi,jeV,seVs (30)

vy €{01},Vi,jeV,keV, seV, @31

u; v,z e{O,l},VieVd,seVs (32)
t,T,,T,DC,,RDC, >0,VieV,,seV, (33)

OB H bR, R IMES A, S SANPIRRA . 5y i BT BT T 355 2k oA AH
MIRIFFRAZ A KQUNAYIR A, HEEHRE - TAWAE B BIEE A ~EFMTANLE
FRAS K B o

KBV G HE ST FEIRI AR KA . Gentili Z5[12]7F 55 i 5 B A FCIE R FE A, MFERIE K s A B2 T
rBCIE T %8, WK 55 HiE BT I B AME A HL R T2 75 76 AR , B T BE U2 75 Re 0% 76 450 LI Rk ak .
Wk 2 UL, IR ARk, Bk T RIS B, BRSO ZE . Yin (13RI R 2 - B A
HLP [FI LK B AR B E H AE 48 Gentili S5 (1) SRR, AT & ™ WIS RO M EGE B 2R, R @ 1
T S BCIE AN RO 8 RS BRI ] 7 07 TEA SG IR BR 28, ¢ I i 326 T I ) e A Ry T 844 1) B 243
RIEAS o IRIAIT (B RRAE, MIRECE A EOR, HBRAK SR ) 22 B m T . 36T RIRAIE, A
FEZ ML i BC 2 78 BB S| N R G By i BT BRI I 5, PR IR Bt B Ak I [R] 6T Bk 75 SR 715 A 7 1Y)
IR 5% 5E T 18] T, KA B By BRI AR R A . ERG)H, T RN RAT S BIRSS sE i ), 2
ZH GEFE IR A O A B F, RN TR A MR TR SR B8 R, T AN [R] 75 3R 5 500t i
TR VERCIANT RCESK o NG iR yT BRI R R BCE R 8, TR 80 7 A 7E 2 H AR ek 50 i
BEFREE; 1007 9 Ia] ROBEH—A0 I, T FRACAS [F] oA B2 22 S0 H AR BRI RN o 2 AR TIRE % (2 1
BRI BRAT AL A I Hh D0 S ARG L V0 75 SR B PR 088 v 71 s R S54SR 03 s PR IR 55 76 RO T, AT A
LK S5 5y W7 55 YR B2 %o B 2801 1 23K

(@) A RIZF A . ()T RTT AT FIRIFRUA, T IS RBEAR DR S5 R M B8 7= AR 1Y)
NIEE K. KGR ARET, TR SRR ) 5 SR, e kRER s A

DOI: 10.12677/mse.2026.154085 887 RS T


https://doi.org/10.12677/mse.2026.154085

£

ARG OELFAH[3]. BHtk, R RAK TR TR SR SRR I AR B A7 O BN 47 18 S ROAC 2 S kR,
DA 5 T SR T A R B R AL IR IR A T AR 2 K . RS F,  0g,T7 R TR I 7 KT AU BHIR 7R %%
AP BRI R o(d, —q, )T R AEBEANBCIS J 45 SRR A A2 1O 5 SR T B R R S R 5 2k . i
FA SO R 5 R AT A T SR IR L, DR MBS — IR AR ST 4] P R ARy AR i A2 7 SR A ) Y 4 B
X, FEATREBARIA R R R

(O FFHXS RIZF A, F Tk — DAl B A [R) 75 SR YT 2 [ R IR 4% 56 B 1) 22 53 P2 AR R AP A R o X
F AR AR, AT BE S Se IR S5 R RS T B RE 25 5 IR 25 I e SR 1 R, A T SR KSR R
BIRIXFP T TR R GU A, (HA—E /& NIE F CREEH AL EsR. Bk, Az% Lk
B 5 HR DG T AT 3R AR R AR AR, O R SR i IR RO 5 T 5 R s d /N RIRF BROAR AT LR
F =3 ZE R R T AR R AN RIZFAR AL . T AU R AR, BB %
T ATE AT ECIE 77 RS2 T A R T AT SRR, RS AP IERZE . S TSR R AE X R
FRARZ RGN H bR ek EL,  v] DR S AE AR IR BRAS RIS 28 2k 1 R BN,  9ak/D ANTR] 52 9 msi 2 8] PR R 55 22
PH, G R AR e HE T A A JE R SS, AR IS 5 N 3 SCRAE P 1 A% 23]

H()~R10) R TR ARF AR N, KRR TR B AH R R%—k, (@) MK (©9)
FRRERFSZELS RERBERZAMNRR. HTRI AT HRE s 5%, WRELTHENZIT HFHN
ZRETE, RAO)FRRTANUES L E S AN EEZ AR R, 7K A k HRE s 1L
AHUIRSS s WA ZAFAE— IR AN S, (ETEANUNEETT A &, IR Rk, FREREAT A Bl R
AD~KYAREBEL R, RADMK2)F R FEXNH RKEREIZAR, K13)FREHRESED
AR TR ESEG A1)~ N ANAUT S LR, (1R R T AT S LI TR R, X
(15T AN R B8 R ZESEBR VT i) 171 2 %, 2N(16)FR R B AN R BEFE R ZE 52 b 1 i1 s mlfie; 5
A7)~RA)NIEL N, KR REMLANEEE AT HILE; X1)ERTANEEAL AR K(20)~
KON EAHR, R20)E R RGN LSO R IBILER A 0, RQDERREATHNRIZL R, X
(22)F 7 R MR 55 0 75 5K R IR 55 5 BN A, 30(23) 3 7s 1 T AHLAR 55 H 75 5K 779 R Rk 55 56 BSUR TR]
KEHFRREELANMIRRIFEE A0, HIANAT K, R TR Sk, FHET A EL
R BN 5 7 B R AR BT I AN AT« R SS5 F0 BBl 75 e ], 2R(25) 3R T AT 5% 58 it
(6] 7 AN FAT— 5 R ARG 52 i 1], 20(26) 7 75 R £ 10 IR 45 5 B TR) AN 75388 ik 3 R 45 Ak
A 3027)~N@28) AT IR R 2 329K R ATA 75 R AT s M 75 R4 2 40 2 s :0(30)~(32)%&
N RERAAR R, EANUES R RSB ERR RS HARLN 0-1 i i, N (33)FR AR
O R R DS S RPN R 5 S TS| s
3. BiEwit

K g Gy T IR R 2R - JE AN [FIAC IS ) R 7R A% G A0 s A2 I B ity bk — 2Dy JR A 3 00 il
Z A THE BB A, EHEHE TR R ER . FHRA A P AR -RERTEANLZ
FIRAC & K R o Bl T R ARG, WA R i s, RETWIE. TANH TS
T RS U A0 AR 45 7 N (e A BRI o 5530 A ANRE SE A 40 FRACEE . o SR FH ORGS0 oR A
KA, THES RS S U R RIA T e 75 ZLEUK I R A AR BRI S5 . BRIk, Ak
THT — P 2 P B ek R RS 2R RN K S5 5y HE R T B R I B AR AT A
3.1. YRS

AR DA T A GG PIAT R o %07 VE RIS 2% R T B A R RS B AR, 1 e BT R

DOI: 10.12677/mse.2026.154085 838 RS T


https://doi.org/10.12677/mse.2026.154085

F¥h

TRANRARSS 7 R R E T 2R X AR R S5 76 SR U BEAT BELIT L DA NI a6 i i) 2 e . BEJm
BRI UGB IE R B EVIIRMMIERT B, A IRSE A e R 2 e Ok 55 M mT AT . B LR
SN AARAERX — I BOKEM A FIE SR MR R i fE b, B2 I A A T AN AR 55

FERIERE— 26 RTINS, RESRMET O R . FESRIRARIRSS T K7 RS ik sEaT LUn
N HTERAR A R e AR IEAS TR R mip I 6] B M A EOR, AN AT LUK Z 7 s I R A

2T AR TR ARSI AR PR IR 55 /55K 5 R, SRS RIZ AR . R AR Bl Rk . 9%
TR T % REME. LRI REHT, BRI &R AR5 .
3.2. BIFET

ARG R 5 Sy BT SR ECIE RS i B T 2 MRS T, AEREALIMER . R ER . AR
FMIER RIZE AR T FMIER . 22 TR R AR R B 2 MR . Horb, ATTLRE T TR LNS 5. %
SRR LM R T T TR AR

BEHUI B 557 2 AT A BE LI B0 T 2RSS M 7 5R 7 . SR 2 R IR B R SR Rl ML A2 o
T o R P 1 s BB R R R 55 7 5K R & b B R B R T 2 HOB e X e Rl IR 55 B
GHTABEN AR FOREMRATTIR, 32 R Z LR REALIE . I RT DAE S ik
I AR AT AR K514 o

FMER ST B e SRR — AT F R s R SR YE R B AR R P A R, SRS 12T R
B BO ) HAb 7R e W TRHOE P IATIE R R i, FE SRR AR TP ER — BOES . %IE
BT R B I P A A3 5 SR A

b 2 R NI Bk B 2 A R I R B 2 il AT A o 0 A N B S M R — MR BOE ST R TR
5 MR U 2 1 — BUESEF AR T DR B B0 45 05, FFMIBR AR i %055 AT AT A S A 80K Jo) B AR A

I F AT ) IR ST B D2 IR 5 M/ SR L AT TR SRR T R SRR AR
DC, MR JE RBF, THEAZ mIRIF PR . tFR AKX

score, = DC, (l +nF, ) (34)

Horh, p FOREGAFTEN R EL T RVEBE, BZT SR 2 HT AR P RO . FIE A UE T
IR A SR R A, IR AR A R . B ER B R S AR R BOEL T A B
o IXFERT AR ST R WL Z R S IE AL E, T FRARAES RIS A, JF eheafe AN [R] 7 SR 7% A
1 :io); N

B 22 ORI R S5 P L 4 A e b X e el B M R I R SR o SR 2 (R e M B3 4
MFAREMRS I A, FESsa B EMERIZT 55 7 LU SR ST I8 . %71 R R B i
I BEURINS 235 R A LA S SR A

T REMRS BT R , Kot AR LN

AT oF,
score, = C" (1, +1, —lps)+W]; +DC, (35)
Hep, LN RS R SH A p ZWEATRERE, [ N RERS R S A s Z ]
AT SRR S .
W FIANRS TR, HorEkiE it B AT
Scorei = CD (llaunch,i + li,rerum ) + 1605;2 T;z + Dq (36)

DOI: 10.12677/mse.2026.154085 889 RS T


https://doi.org/10.12677/mse.2026.154085

£

Horlt Lo AN T 5 5 TR w0 Z A ATEE L, [ AREERERAT R SHANLE
Z IR AT

RO AMIBR S 7 F T 4 AR IR 4 R . 2T SN R CaAF eI B4R . BEEHE S
FRiZegp e b B A i ok A, JFRIX T R R IR S TR SR G . SULER, S ik
ZHAE LRI ANUES . BJa A B RE T, Sl e/ R pl Em A b B AR . 2R
R A M EECE B G, H SRR S T a0, SR I R R . T 3 AR A
/D P P A A A (U 2 9 ] R AR B2 i 2 A0 ) 8 FH 280

33. EEHT

HRE BT R R LR MRS AT ANUIR S, AR 7R A 2 M e R 7.

BHTAERREREERET, RENRIRSG ®RYAEGHTHY . BEFEESEBHTLSR, Z4
WHF ORI ROF AR AR ASCRE T 2. FIET DUHZ IR R E . 1 S Rk O B
B IR S5 IS TRIHE Y DL BERLHE Y o 38 X e Fe U B REATL DI, RT A B R AR I A, [
Mo R ARE S S5 30— A% R — R 3 AN s, 02 [ Ff AN X 45 5% e L PRl

XFEEADN RS RN AL FEETA R P AT R A LE UL AT E ARG E
IR FRER G A B R MO T R BRI SO RN, W E A I R 2R A ORI () R A
BER: BRI EATNNEEN, WX BRI ITE AL ENAE S5, JF 8L 55 keIt &
BOAAEFTHLA BRARRERS SE BT AT RN, DN Ra R BT e — 2% R MR

BREEREERIG, Sk EH R QRS # R RS AR MR ST /R RS T T AR
AR RAS . T8 EREE T3, ST AR R — M HESE T [ i O B 35 SR A A R 55 Wy A S 1 8 5 SR
R EIRSIE R T ABUIRS -

3.4. RIERBEYOEN

ARETER S, Sk EOR R IR ST R SR R A NUR IR 55 5 5K 3T mi S & IR BT T S B AR B AT A
Ao N TG SENEL FAT AR R B AR, AR SC S AR KRS HEN . 2 R8BI AR AR & ELAR R
ZRAME RE A, o SO R BT S, SRR S HE I R N A DL S

ARG AL P 2R T2, W ELRAE 4 2, DLIE S 4% e 2 1) 369 0 2 0 B U 1) 7 1 i 7%
FEEBCA R INBI AT IR T, 25 RIS RRAR T A, W52 s 4 (R A 22 A b T 24 i
WA 12 52 % Ml o 0 T 2R AR K 2 R R LA FOA B e R A A, B R R AUL IR O SR AT 352
b -

T

I exp(_wJ 37)
Horr, P ORIRIERBALZ NS, C(S") Fonkikf S’ HUEHA, C(S)FmAuiik S FERA. TN
METIERIRE . HHEVEVNT P, MR RIEMRE, BNIELZAFEMR . AR 8 BRSO 58 R
ZH. BEEEAREIEN, BEZREE. EERY, SRR EmuMRge, UHEBEZERER
MW, ¥ ReEREERE), EHREHEZBEMBIOMER IR, #EEa TR ez sm
it

3.5. EERIR

At LNS Sk & 2 Fraw.

DOI: 10.12677/mse.2026.154085 890 RS T


https://doi.org/10.12677/mse.2026.154085

F¥h

MBI

WRB B EHEIFPITHIAHE T

BEALIBR ST BRI MRS T W 2 i MR 5T

.

[ s ammsy BT
L - ]
: BABEL: HEF SN S A BT
: P EyST— A 2 AT :
| |
| A R |
e T |
AT S TR R
B A
| A
2 v

ST i A5 P s I A

T T 30%IEAL?

i

Bl A
CRER B MR 5 o0 0B 5D

@1
&

|

s eegs R

i

Figure 2. Flowchart of the improved LNS algorithm
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Figure 3. Total cost reduction rates for different Solomon instances
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