2 0025 ,25(17) 07398 -07 Science Technology and Engineering CN 11—4688/T ,. -.

FET

DOI:10. 12404/j. issn. 1671-1815. 2406835
SRS e, AR i s PR AT A I 23 I Bk (0] B oR 5 TR, 2025, 25(17) : 7398-7404.
Yuan Yuan, Li Xingi. Spatio-temporal network modeling method for air cargo recovery pml)]em’_]—“ Science Technology and Engineering,

2025, 25(17) : 7398-7404.

A== 5 12 Pk & 1) &8 B Y =5 ) 48 AR 77 0

AR, Bkt
(LB AR R K22 3 S B2 Be , TLFH 110136)

¥ MAEREREENE W, RETRAER G E LA Ham P, @ﬁbﬁ%‘ﬁ*ﬁcﬁl;‘ﬂlbi}ll‘l’% AL B W B0 A%

SEA, EERGHE MG T AT NS ERKARR BET—ALTHE ﬁ%}%»f’!@v@m; W35 e B AE

A FHEHETRAIEL W IEEAAYE | F BT 3 e S B T ag o XA bi&{%%m&éﬂmi}lﬁ'&do H B AR AL A M A R

CPLEX KM B A AT KM R EOETHEMNEOME REREAERLE kPR g7k 4R A0 TR

WA AT AR RS FRRMEMAF @Y ARRMLP, LML F 0 %M%é’]i@”k AR I B oA T AR 69 K F L2 R et R
HREL RIAE A GRS REI WA FAF KBk ZMG mE AR % AN K, KRBk E w4 THE,

M & K AURER B33 K AR KRR E I RFATRE,

KeBEA AmEMS, MERY,;, ERKES; AR, HEM%,; REBGER,; Skt

TEES IS V353, SCHRbRERD A

Spatio-temporal Network Modeling Method for Air Cargo Recovery Problem

YUAN Yuan, LI Xin-qi
(College of Economics and Management, Shenyang Aerospace University, Shenyang 110136, China)

[ Abstract] With the increase of air cargo volume, cargo plans are frequently interrupted due to disruptions in cargo demand, so re-
scheduling flight schedules is the core issue for air cargo recovery. An air cargo recovery model based on spatio-temporal network meth-
od was proposed with the goal of maximizing the profits of airlines under the disturbance of temporary increase in demand. Aircraft
routes, cargo routes and flights were reorganized in the model and the initial flight plan was preserved as much as possible by adding
penalty factors. In order to verify the effectiveness of the model, the model was solved using CPLEX solver. The proposed spatio-tem-
poral network-based air cargo recovery model was compared with the model in reference. The results show that the proposed model has
significant advantages in computational efficiency and finding optimal values, and the advantages become more apparent with the in-
crease of the case size. The sensitivity of the model’s solution results to the time window width and aircraft carrying capacity was ana-
lyzed. The results show that the narrower the time window, the slower the solution speed, while as the time window width increases,
the solution speed accelerates and tends to stabilize. As the carrying capacity of the aircraft gradually increases, the solving speed of
the model becomes faster and tends to be stable.

[ Keywords] air transportation; air cargo; demand disruption; recovery problem; spatio-temporal networks; simultaneous pick-up

and delivery; logistics delivery
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Fig. 1 Example of air cargo recovery problem
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Table 1 Comparison results of 6 orders

SCHRIEE Y (RP) AR SRR (M)
P=6 GAP/%
VA Time/s VA Time/s
W—4l  1038.1 0.16 1038. 1 0.11 0
WM 1230.5 0.23 1230.5 0.20 0
H=4  1613.4 0.16 1613.4 0.19 0
WU 1176.5 0.17 1176.5 0.25 0
ST 1196.5 0.03 1196.5 0.22 0

F2 R2MTEWMHER

Table 2 Comparison results of 12 orders

SCHREEEL (RP) AR SCHLIE (IM)

P=12 GAP/ %
VA Time/s VA Time/s

F—4  2319.3 20.67 2319.3 10. 61 0

B 2584.4 80.39 2585.4 14.49 0.04

=M 2419.2 112,77 2419.2 9.70 0

F/UUA  2112.6 20.63 2112.6 3. 14 0

FBhA  2340.2 15.33 2 340.2 5.55 0
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Table 3 Comparison results of 15 orders

SCHRAE AL (RP) AR SRR (IM)
P=15 GAP/ %
VA Time/s A Time/s
B 3478 1911.33 3478 14.95 0
ot 3611 1 874.69 3611 146.20 0
=4 4516.9 2150.02 4516.9 14.09 0
AUt 3874.3 1129.59 3874.3 9.17 0
BHA  3293.7 1046.70 3293.7 110.02 0
F4 20 MTEILLER
Table 4 Comparison results of 20 orders
SCHREEEL (RP) A SCREAL(TM)
P =20 GAP/ %
VA Time/'s VA Time/'s
H—41 4068.9 10198.7 4104.9 956.41  0.88
BT 3207.9 3928.63 3234.9 6012.49 0.84
= 3211.4  6989.42 3211.4 103.92 0
ZEULH 4 786.4  5885.08 4 816.4 1 716.56 0.63
BHA  4700.7 534011 4750.7 1035.55 1.06
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Table 5 Solution results of 12 orders with different

time window widths

) W=20 h W=30h W =40 h
g
Time/s VA Time/s VA Time/s
al 2306.3 96.98 2319.3 4.19 2319.3 4.63
a2 2576.4 64.76  2584.4 54.44 2589.4 4.55
a3 2415.2 15.56 2419.2 3.70 2419.2 7.59
a4 2098.6 132.92 2110.6 6.91 2112.6 2.72
a5 2339.2 4.86 2340.2 3.02 2340.2 2.91

F6 15 NMTEFRRERBEEEERKELE R
Table 6 Solution results of 15 orders with different time
window widths

W =20 h W =30 h W =40 h
Ry

A Time/s A Time/s VA Time/s
bl 3462 464.55 3478 10.50 3478 9.30
b2 3611 102.67 3611 175.53 3611 141.06
b3 4505.9 7155.77 4516.9 11.83 4516.9 12.92
b4 3860.3 257.44 3874.3 4.48 3874.3 4.95
b5 3288.7 411.77 3295.7 80.34 3298.7 27.02

P DA b 25 R % B, 2 ) 7 T R A A, B W =
20 his, 2% 554 B4 3R R I e 12 i TR R T
M AE W 5 T H A Wi 4 B fal 5 HAR 2280 K, M
AR LA Bl A B R) T TE R A 3G 0 5 R B
b THRaE , W =30 h 5 W =40 h I 193K % 25
SRR, SCR AR, VT B B [R) 7 T R R S 5 4
A Bl () o R A, AR R ERN  17T B )
8RB 3G O, SRR U IR TR, 5 Ah,
B b2 B ERARAEAE 3 LA 7 5 B AR TR, A
() th FEAAH [R] , 15 B 12 2 B 7 5 R] 7 96 52 R 20 h
IHE 225 5 B m AT TR,

3.3.2  kHREAMITHLERG A

IMAEP =12 5 P =15 BT BT, 20 513k
BRI CHLRER T S8, IR IE CHLAY SR 2
J1/DF AT R i, B A S B KR 3L
A R Es R 7 fik 8 i,

12 DITHR R B Y 3 4 KL i KR 3 F1 40
A 35,40 45 v, WEEIRFA E 0 Hr , B ALK AR
S, T 5A 0 BE B = PRI TS, CAP =40 t
5 CAP =45 t B AsR g &5 23T, 15 ST
PR T ) = 2] KL B KR 3R 4 1k 45 .50 .55 t,
24 CAP =45 t B, & e P fE e/ )N, 302 K R Rl
BARSE T AT TR H i F AL E AR D
BRI, DT 535 ML AT ARG N, Wi BE C ML 2

RT LRMTERECHAENHRBER
Table 7 Solution results of different aircraft carrying

capacity for 12 orders

CAP =351t CAP =40t CAP =451t
x|

A Time/s VA Time/s A Time/s
cl 2316.3 25.70 2319.3 3.63 2319.3 5.00
2 2578.4 232.83 2585.4 9.16 2585.4 4.52
3 2412.2 52.22  2419.2 4.50 2419.2 3.84
c4 2108.6 11.58 2109.6 3.59 2112.6 3.11
c5 2326.2 100.75 2336.2 5.55 2340.2 4.20

x8 15 MTRERECHMAKNHKBER
Table 8 Solution results of different aircraft carrying

capacity for 15 orders

CAP =45t CAP =50t CAP =551t
A
VA Time/s VA Time/s VA Time/s
dl 3476.0 20.63 3478.0 9.53 3478.0 11.64
d2 3605.0 1004.63 3610.0 161.83 3611.0 101.51
d3 4514.9 89.58 4516.9 22.27 4516.9 25.44
d4 3865.3 257.06 3867.3 106.56 3870.3 35.39

ds 3288.7 473.58 3290.7 258.89 3293.7 265.09

TR, SR PO TR
4 #Fig
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BRI,
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B[ 2 JBEH (RP) SR, B 25 FAEXT Hb 43 M, Bk T
ARSCREHL(IM) B RCME, S0 ah BRI B 5 1T
B B RGN, S ARG O, AR SO A A A
5 FHEMAE T T BB WK,

(3) 43 M T R0 B s fik 3 S %o s T 77 B 5 R
MLAR#R 7 B BB, 2 PRI R) 7 B AS | SR fife 3ok B bl
12, 1T Bl A R () 7 5 B 0 34 R, SRk B BRI
TR s Bl A CHLAR AR T 8 W 16 K, 455 7Y (1% 3K i

W FE & T 7R sh e 178 W Z
FSCHS T, BT B I 98 A BCA AR LR JE 22 Ab
PEATERGHE . e JE SC e AR I, etk A AL BE A B KR T
FEIRSR fifp o i | 7 A A0 1% 3 S FH PR Wi 5 B
i zs 28 TN R 3l hpos Pk &2, 72 AT BE 2 His i
AR T A O LT G s SR
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