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Abstract

To address the core contradiction between timeliness and loss in the “first-mile” logistics of fresh
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produce e-commerce in mountainous areas, this study proposes a novel collaborative pickup mode
integrating trucks and unmanned aerial vehicles (UAVs). An integrated decision-making framework
incorporating meteorological constraints and in-station parallel operations is established, which
quantifies the dynamic impacts of weather factors on UAV efficiency and fresh produce quality, and
incorporates them into route scheduling and freshness control. By synchronously optimizing the lo-
gistics rhythm, the model aims to minimize the total system cost consisting of operational costs and
cargo damage costs. Numerical experiments based on standard test instances and graded weather sce-
narios demonstrate that the proposed collaborative optimization scheme can significantly reduce cargo
damage, effectively control the total cost, and maintain stable computational performance under
adverse conditions such as moderate to high wind speeds. This study provides an operational deci-
sion support tool for fresh produce e-commerce platforms to operate low-altitude logistics in com-
plex terrain, and offers important managerial implications for enhancing supply chain resilience and
efficiency.
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Table 2. List of weather parameters
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KAFH SIR(C) A JE(Pa) XH (m/s) XA (deg) [% 7K (mm/h)
VAl 20 101,325 0.6 90 0
w2 22 101,000 9.5 135 10.0
w3 28 100,000 15.0 200 18.5
W4 30 995,000 18.0 210 25.0
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Table 3. List of results from multiple case studies
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. CZEDFC (5t 84.43%; R 5. RC K DFC HbiE— F A% 87.43%/87.65%. 1X15 W4 ' KR it ¥
BB PENAE KR RRE RRRAESERh R B3, AL AT (A (7T S840 T, 76 B iR £ 2 (R 4544
R .
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4) iR I [A) SRk

KJIE; TTM: C/RC/R=930/1077/1105 (min). C ZRFEREHE. A, TTM &k R BEHUE . B
BHIHEMRE G &M, TTM fim; RC EAETHH, HHE VWCIEH =492, =T R K(=480), A3 “IR
&7 HBRSE R T NSRS R ME, SHEGIER AR <RI, AL TR +
(CR)BAF A" 5, Bl AN HI/E A BT 5N, AR

5) SR RAKT LY S H B S

$ OC (A BIME: C 2 =1.01 x10*, RC 2K =121 x10*. R =1.26x10% 5 C ML, RC %
+19.89%, R 2K+24.19%: R #HXf RC Fi+3.59%. ULHITE W4 5541, MR —IR-E /BN H AL 2 12
EHEm A, H RC BM “SHAFIEE” 5 RER “CATHE” 2RI,

6) FIEAATVE S E N

G —THE F(EE 8 Wk, HEMKE LR, ¥iE 100, a=0.985), FAEFIRARKE] RT ¥ME ~48~49
s (C48.08s,RC48.06's, R 48.88 5)o —Ffifh ¥ (FE NG S/ deil 4B/ Fom L Je ) B AL HAMEE /U, 42 SA—2-opt §
feiEFasE s, R TR T S R .

4.2. FRIXRSKRATTEE 247
AR RARM T I EFR £ 4 Fios.

Table 4. Comparison table of different weather conditions

*= 4. FEIRENEESE

IN WR oC TC TDC TWC DC DFC QLC AF RTS ™
Cl101 W1 1166590 1221.26 563.8 41746 288532 2340.52 755932 9932 18.06 1116.82
C101 W2 12839.21 1239.56 563.8 435.75 3824.18 327938 777547 99.30 30.05 1153.41
C101 W3 13913.07 1253.56 563.8 449.76 451599 3971.19 814352 9932 42.06 1181.42
R101 W1 961955 130432 761.62 3027 2169.85 1625.05 614538 99.45 1818 986.21
R101 W2  10353.90 1311.39 761.62 309.77 278935 224455 6253.16 99.44 3024 1000.36
R101 W3 11401.11 1335.09 761.62 333.47 3389.66 2844.86 667636 9940 4245 1047.75
RC101 W1 8181.11 1169.23 649.29 279.94 205148 1506.68 49604 9948 18.05 884.53
RC101 W2  8874.85 1178.81 649.29 289.52 2632.88 2088.08 5063.16 99.47 30.08 903.69
RC101 W3 939526 1182.95 649.29 293.66 3041.13 249633 5171.18 99.46 4211 911.97

AVE W1 10693.77 1244.02 658.24 345.78 303331 2488.51 6416.44 99.40 30.14 1020.68

1) AT 5 TR 45

BERSH WI—W3 BB (X B A 1), AF B A/ME i, QLC $if B, ¥{E
b, W1 ] AF S QC Ak W4 fEF B BUS IS A S E L AV R QLC iR & 3%, {H FR
TR FFE B E B2 b, Uil WLPT AT 5 BEIEAL e Hl P A8 M0 RN A RURAR SR 5 B Atk %
FRA TS “shNTTZ 5AMERE” AR, HX OC ik brokE KT a2 470,

2) ZERMN A TC HIE5HIAE 1k

RAFEZEE, TWC (R G ARG BT, TDC (73 & LeAX FYE . SRR T KRS PN S8
UAV LA I K e — 5l ] FRATHEBAINER, RAEFIAJG “ESH” W NEME, 5EHRIT “u
ALK K — MU AL —8G Mk il 5B ZRTE Fixed-Plan 148 F EARN B8, #—HE
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4% TDC I RGP . 5341, TDC FEAAAL, JRKAET TDC Wit HAS BAF 5 H N Sk 5 e i 45 K
HRMMAR, MHRLETE L R R REEAE, SN S HT RSB, ABCR TS aE. %
G L, 7 W2~W3 3R RAR N S S A (& LA . micro-shift f#% . FEIEIL%), HAE OC
1 B e v A K

3) AN AA DC 3 S I 58

W1—W3 i fd, DFC (RATIH2R)7E DC H i ELiRFEEe & 2R S5 1H %20 p/KR HLi— 5L
PERYAE KR PRAK . RSRS8O F BT, AL RATH AT 9546 T 4 5ufl = R 45 M AR IS, 1X— “K)
FAT TN HEAHES) DC M. Fith: EEHRAT, ik UAV CATHERI(EE S . D E R
VB K target) LU R 46 M T VRIS 8] 58 A PEA TE

4) EEA OC Wik 5 1 3+

W1 F TC 5 DC ¥# A ¥, QLC NXEI; [ W3 id# )5, LC 5 DC RN OC HIXES: QLC
AR B AF (RIE NI CREI & B2 TH; DC K2 : B p/KR HRHI AL KATHH$RIG T IREN; TC &%
FaE: TDC 5 TWC AHEHCH 43, Bk 5 AR N R, W2~W3 SRR /e y: QLC >
DC>TC. HPSEIRRES AT, FREMITH.

5) i PRI 5 A T I

B R4, TTM EP s, MiEEE 2 REFE G R EX A Kun RS “TURAR”
Wi)o XM FEAHFSEHIEE b, RA L EE I 6 N IFAT 528 5 AR N RS S I, T Sl 3l Y =
ik . BRI, PREENIBEE N ATHE T, @ HE T SRS R AT SRECAT AL TTM 2o .

6) HikkasE ST

FEH E TR (E IS 8 WK IR 100 a=0.985. #% K FIERFFR) R, RS R AR A RT 24 fa
o UL SA + 2-opt HATEARF AL 5t FEAEMM: EHRAT HinE LA F 2k AR 1
6 TH(p/KR SPFr BT 4), A SKAEA 753

4.3. EUEXEL S AT

HUE WSA S 58 FE(GA) AL T #E SLVE(PSOYHET Ui . ARIESIZENT LA IEYE, %12
GRS EEEIX A, WE GA RN 40, 22 BN 0.75, 28 FHEZ 0.1; R FREFZR
HABESE, YUEZ) 0.4~0.9, KILEE PSO KIBPERE 0.5, HIIAFIE TN 0.85, oA FIH-1
N 0.85, KLFREIAUEA 45, Jyii b K 20 R IR 22 52 4510 1) A TEVE, SECRIBFTRE A . B
FNEIZAT 10 IR, AFRIFIETFF SR e 5 s,

Table 5. Comparison table of different algorithms
= 5. TNEEEER

WSA GA PSO
IN
oC QLC RT oC QLC RT ocC QLC RT
C201 8062.97 425737 612 8074.95 426134 522 8159.26 432313 524
R201 11365.88  6089.10 633  11436.81 615748 551 1146871 618272  5.38

RC201 10687.62 5650.12 6.28 8159.26 4323.13 5.24 10766.08 5749.51 5.31

AVE 10038.82 5332.19 6.22 9223.67 4913.98 5.32 10313.35 5468.61 5.31
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» RGEH

MRYEZE 5 Mot Barsn: 1) BERRA . PL Wa RAT =R 8% %, WSA 7£ RC 5 LC
Bhr B3I TPIREEL . 5 GA ML, WSA =5 41°F5 RC FF¥ 0.28%, “F¥J LC ~F% 0.56%: PSO #H
Et, ) RC FFF 0.92%, -3 LC T F% 1.62%. 73 BAFE , 1R &84 RC201 I FFIR i 9 2.2 (RC: 0.41%/1.19%;
LC: 1.76%/1.67%), RWFTE “HELd + SEENRL” FIWIFES SA + VND 15541t s % A 80U 46
SBRNG ER S R R B, HEM BRI B R T BE . 2) SVEMERE BT . WSA P IE1T I K
2] 6.22s, 1 GA/PSO ZI¥EMN 14%. X EEZYFET WSA TEEARF HAR 2 48R S R IT48S; (HS5M&AH
JRHAEE B HE LR AR L, WSA 7E45 PRI [R] P Be £ (it o7 &2 5 e BB A8 IR - 256 5 B0 B bR 512 AT I ],
WSA BEA RS RN KM “RFE - TANBEGER” W8, BAEENARNES 7.

4.4. BRMESAT

TERFFRS . RAOZES M8 —ERI e ~, SORBI AN & REE(5/10/15/20/25 kg), il %%,
B NS BA RCy EANMMIAA DC. BefiiiiAd LC 5t FR FEM . 5SS 8RR
AAZ, A EE . f#H Solomon H.41| C202. R202 #4704, 53R 41K 6 Fias.

Table 6. Load sensitivity analysis table
Fo. HERBENNR

C202 R202
oC TC DC QLC FR oC TC DC QLC FR
5 35820.24 2962.40 19039.16 13818.67 0.9871 46010.74 3820.72 23361.10 1882891  0.9818
10 19884.97 1852.58 9495.21 8537.18 0.9920 25177.54 2421.13 1154294 10911.63  0.9892
15 1511391 152271 6699.94 6891.24 0.99358 19342.57 1980.25  8091.51  9270.81 0.9911
20 12706.13 1359.05 5291.57 6055.51 0.99436 15983.27 1764.78  6243.62  7974.86 0.9922
25 1280.18 4590.62 5674.68 0.9947 14636.05 1682.66  5476.46  7476.92 0.9927

WRIER S EE, RN SRS ER:

1) BERMA(OC)MEFE ST B2 TR, H 8RR bR s 16 %

PA 5 kg AFEdE, HEEGEE R 25kg I, OC ~FIHMEFEIEL 68.43% (LH 4.25 x 10* [£ % 1.34 x 10%) .
Iy BEREIEIC N : 5—10kg N 47.77% 10—~15kg N 15.87%. 15—20kg N 7.06%. 20—25kg N 2.80%-
T BH 28K B 24 PO R AR P 1 T AR 15 ke S5, dRERIY R B BRI s pas S

2) AN A A(DC) 2 OC B3 ) 3= S 1

5—25 kg IXIa], DC “FHIFEIRL) 76.05%, 3w THAM . XRIFT R4 R ER G, T
MM B ES AT SN RS TR, RS AT T 2 T B 4

3) BRAMA(QLO)[FIL TFE, & (AF)FE T

QLC 7£ 525 kg [X [ "F#4IP#1EZ) 60.35%; AF H 0.9836 J+ % 0.9936 (+0.010). HLEE I, #REIRTfH
] — 3k 5 NPT IRAT AR AT A5 3G, WLPT JRAT IR N 13k 4 58 I [RI48 R, AT A4 28 8 5 313t i
B, R A5 2] o

4) MEFEHEXELE s s”

LR AR S R B2 5 TR nAT (ML it/ 25 48 TU AR 5 2 M ) % 18 15~20 kg AT LA IX [A] -
i 15—20 kg 177 3545-7.06%1) RC FF&; 1 20—25 kg AN 2510 —2.80%, 12 k2 B S5 i 84

5) RS e

BEEE R, OC HokBkiae, WU ES RAUWA N, HmEE B A e e v/ & it
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MRS, RYEHE

Zi b fE WA RAT, IRIFE AN KEE e 5 & LR BT kA, Hid DC K FETTEkEkR,
FIBFH R QLC NS AR #7F; HIRGSAFEHER &, 15~20 kg X A8 B4R 50174k,

5. &t
5.1. EEMRSG L

AMI R R LU X AR P il “ B — AT SR TR R AR I U S R IRBE T, RGME TS
SELRGHNIATRER RS - AN RERBARART, &t 1792 RE B R RREIE(WSA)
BT RAE . @RS 2 KA MEUE LR, uF TR 5 RENA M. RS S HNE.
FE LW T

1) WSA FIELEE S RAT R Z I T A& g 2

TERGE . BEREERRFMEBA M5, WSA FEAR T 8L F5(GA) SR T B H5(PSO), TR
BA(OC) 5 TR AN (QLC) -3 UG EARAE, ~F3IFEME 73 518 0.28%/0.92% 5 0.56%/1.62% . /L& HIEAT
IR IEAC L 14%, (HILAEM &, WS E M S HiR BT R I B, &6 T IXERS
FA N B ARAAE S -

2) [AGRLHR R EL M R G RALE R SV

BEAE R CEAUE ETF FRKEgsR . AUER TR, BN RATRRE LT, 1Rk A, SEEmMSE
FERUA(TWC) RGN, 7 R L BT . [RIRE, B4 AR (QLC)TE s A H 5 LU I 50%, Bk A
IO . A E UGG “A7 38 AR S/ ME” e rm) “ARNV ST P S5 S AR (B 47 .

3) HiERZERINT ROV RE B E RSk Rg

LY (C ) R S5 R 7E R AU S AT Re DR RR A IR AR S B EA s TIBEHLAL(R 28) 5B &4
(RC 28 Hh F 45 44 ) 5 25 5 DALy pit 43505 R B2 o R R B SE AR InF [R) 5 Bt BTt o BB BTN “ KU Lo +
BORRBEAR G MIRIURAG IR, BeA AN A Hh 2 285 ) i SR 1) 670 THD 52 0

4) To NNEE 5 AT RE I 2 AR BUR IR R 3R

BURYE DR, IRTF AN KB E @M 5 kg #TFE 15~20 kg) 7] 5 3 FRAC S BRA (P 184
47%~68%), JtIHAETE AN A (DC) 5 B& 1 A(QLC) - SR1T, % HE T+ 13 B i 25 il 26k 25389 o 1 3288 ik,
15~20 kg [X AR 25 G280 A IR B

5) ¥l A IFAT I BE(WLPT) 5 R B & AL H T R i

I WLPT i B2 SR w5 RSB T AT B AL, RGEAEMN . BN SEARI K T RedeReics
T (>99.3%), U EH LR TRAESHT 5 5IEIHTRCE, Bef REREsNT 898 .

5.2. BB

BT BRI, AT X AR i e AR MRS SCER A T E B R .

D) PLAE ORI “ BARTTL)” B “ A4 pE "

FERRZA. WREIRINNIX, BaigifE R AT ERNR AR, ENERESTANLZIE K
PR AT 1 5 S AR I R I 4o AR SERR I BE PR “BhASTER + JFAT TR S, I SR, 2
THEERAR LI L -

2) MR R 4 5 TT AR BRI

FEVE Ry, AT I8 24 0 B T iR N R ORIl RO, IR — R R AT IR P A .
5 AR 48 558 50 S5y AR AR 0L SZ LN, AT sl IR R 55 1A 5 SRR 0 e, RO R IR 55 R 80, 19 A
GLIE -
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BIEES, RV

3) GEACE T ANLEE 5 Kb BE SRS

EVGEFREL 15~20 kg R R AN, ERERGEEA . A B DT Tl FR, N
TSR R BERETN 5 T I, R BRI S A AR R, SCHLRE AL 2L

4) B CRBIRN” MRS FF R G )

AV AT ZE S AT ST IR SRR 2R, PR RT R T BRI 5 Sei R RSP 6
SR “RAURA - BRARENA B - SRS ACE” M— s, 1=—IF RO RSN R -

53. iRAERSRE

B FAIAFAE—E RPR I, ARKWAT A CLR 5 Tk — 2B AL -

) SRS

AR I AL BN I S AL, RRATSIN TGRS F L], TSR T
ST B A B R )

2) ZHERFH BN

KB FARBER S5 TN NFEFL G N, S AT REAAEZ RSN S R4, RKRThES
AR, B DRI S .

3) &R S5 RSS2

AR FEZ ) I R B A S IR 5 I Se 27, Rk ml gl NBRAEI [ B 5 2= R A Dt sl 2, 45
HRE TR %ot S o I 55 7 SR 11 0 B g

4) LB RBIIAE S R SL

AW LI T BUE 5 1) Solomon SEBIREATRAE, ARRATEE G R X AR TR, BEAT LR
5 RGBT, RAUEBM 5 REE L7 = T iE e SRR

EREPNIR, AWbTUHEE @R SRS RN, RERN T ARAR T RE - EANLFE
ERIALERAR, MR L TAEAT S P IR R 7 BRSO 550 S %, WS 2 MR 5%
HEVIRTT P EA R EE .
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