B R 5T R

Science Technology and Engineering

DOI:10. 12404/j. issn. 1671-1815. 2404610
SIRMESCATATAR, LELL, skbk, 55 JET OB 2 AT 28 STs SR IR EMC AR [ )] FHAHoR 5 TR, 2025, 25(12) : 5240-5248.
Ren Xuanh(', Shi Xluoh()ng. Zhang Yue, et al. Integrated air cargo schedule recovery model based on improved flight network[ J]. Science

Technology and Engineering, 2025, 25(12) ; 5240-5248.

ETUHMMENBEHNMEZREERAERERE

EAR, e KM R, AR
(1. E R TR GBS B, T I 6183005 2. EPIE%)ZHHJLL nltPfy: B R AT RS e, dEET 100035)

W OE PEHRANRERTAINETRIANZAETRLOER, AT K EEMIEREG R AT, FINZRHF EF M08
FAE EBFTHEALT, KR WAL EMZ IR I ML FBIR G KB T HRRRE, ARSI T2
éﬁaéﬂﬁ‘ri,ﬁﬂﬂa‘mk%fﬁ WS BRAE, SIN FE ARG R B £ A 6 BARIE R AE Bl — M 2P b iR R LA 69 ik B R AL, R AR R
MM RAT R RS A AL &, 5 T B0 AL P A 2RO SR AL R AR S B Ak 4% SR I R AL S Ae b ey
— AR B A IRAE R B BT AR ERER T RHE, AR EA AN E T R, AR AR L L E KA
EIRRA T 2R BB WA P ZIRGKE, £ DB R BT DG TR BT HIBERATEARIE, ZR AW BAR
B IR B T RS R Y 429% W3R BT ) it — 80 AR P AP AR S S AL BT NG, 5K E 6 fFRF
WP AT RMIES, PAIEMRE NG R RS TR RAIBR R FINARIE S T KRB ERE NG
o R VAARBEAE IR A £ $ R o B T A AR IE ) & 09 AR B 35 42 AR I AR A A 4% 18 R R BT IR AR T R ) el ok
R FRFHEEAR0.47% .

K] FEAE NG REFEAT; BARA,; P EFE, BORARIEM % ALK AR

RS V35S, CHRbAERS A

Integrated Air Cargo Schedule Recovery Model Based on Improved
Flight Network
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[ Abstract] The disruption recovery is regarded as a crucial role in the operation of freighter airlines. To expand the application
scenarios of the freight flight network, elements such as mandatory nodes and external arcs were introduced to enhance the applicability
of the network. In general, aircraft and cargo were defined in separate networks and are recovered using a sequential solving method.
To explore the correlation between each research object and to complete each recovery action, the entity flow was defined to integrate
different types of entities in the same network. To solve the problem of crew recovery, constraints such as crew duty and flight
qualifications were added to the model, and a mixed integer linear programming model was constructed based on an improved flight
network. This model can achieve integrated recovery of aircraft, cargo, and crew. To accurately evaluate the capacity constraints of the
cargo aircraft, a unit load device was used to represent the volume of cargo and to improve the relevant models of capacity constraints.
An entity aggregation approach was employed to reduce the number of entities to control the model complexity. The model evaluation
was performed using operational data provided by a small freighter airline. The results show that the recovery solution causes a 42%
reduction in the delay time. In the subsequent simulation experiments, six different disruption scenarios were established for two
freighter airlines with multiple fleets. As the disruption rate increases, medium freighter airlines adopt the strategy of re-routing aircraft
and rescheduling crew, while large freighter airlines focus on flight delays. The proposed integrated air cargo schedule recovery model
based on an improved flight network can solve all the cases exactly in limited time, and the average error is 0.47% .
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integer linear programming
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Fig. 1  Structure of the improved flight network
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CO0 Z5 3 "R AJL TO4 $H &ML KOO, & Jm , TEALL CO9

®7 MBHTERRE
Table 7 Recovery of flight itinerary

Rl RE R RE Y RS AR

A R

N ' AR e .

s WiE P e H Wiz Hif ]

TOO  FOO €00  CTU  DEL 14 00:44—03:59
TOO  Fol €01  DEL  BLR 11 09:25—11:34
TOO  FO2 €01  BLR  DEL 16 14:51—16:59
To1 FO3 €02 NRT  XIY 14 00:37—04:12
T01 F04 €03  XIY  NRT 14 12:29—16:05
T2  FO5 €04  KIX  CKG 12 00:37—04:02
T2  FO6 €05 CKG  KIX 11 10:11—13:36
TO3 FO7 Co6 BLR DEL 16 00:50—02 .58
T03 FO8 €07 DEL  BLR 14 11:13—13:22
T03 FO9 €08 BLR  DEL 11 19:31—21:40
To4 FI0 €09 CTU  DEL 8  00:45—04:00
T4  Fll €10  DEL CKG 19 10:50—14:24

112 100 F10 F00 CTU DEL 00:45—04:00
101 101 FO00-FO1 FOO0-FO1 CTU BLR 00:45—11:34
102 102 FO1 Fo1 DEL BLR 09:25—11:34
103 103 F02 F02 16 BLR DEL 14.51—16:59
104 104 FO3 Fo3 14 NRT XIY 03:20—06:55
105 105 Fo4 Fo4 14 XIY NRT 12:29—16:05

o
100 100 F0O F0O 4 CTU DEL 00:45—04.00
5
5
6

106 106 FO5 FO5 12 KIX CKG 03:23—06:48
107 107 Fo6 Fo6 11 CKG KIX 10:11—13:36
108 108 F07 Fo7 10  BLR DEL 00:50—02:58
109 109 FOO-FO8 FOO-FO8 3 CTU BLR 00:45—13:22

110 110 FO8 FO8 11 DEL BLR 11:13—13:22
1 111 F09 F09 11 BLR DEL 19:31—21:40
113 113 FO0O0-FI1 FOO-FI1 2 CTU CKG 00:45—14:24
115 113 F10-F11 FOO-FI1 3 CTU CKG 00:45—14:24
114 114 FO7-F11 FO7-FI1 6 BLR CKG 00:50—14:24
116 116 F11 F11 8 DEL CKG 10:50—14:24
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REWZE R, 254 =ML DEL, I 2(b) 1]
1, HLAL C09 HEA ML DEL AR E A 09 .59 , B Tt
Pt FO1 (A KA E], F T ALEE FO8 5 FO1 HoAT #H (A
HE L B L, 9F BLAEE F08 747 A rh 4% i
B A R, 3 o A2 e P KA BE FO1 5 FO8 Ay K AL
TOO 5 TO3 BEMSEEG T AT HE 187
3.3 SHEMEAFNHRERE

Xop TR K B 5232 A 25 2 |, HHLBAGE # i
ANFEIHLERL A SR WAL N, A o B 2SR & Il R,
BLFN G2 1 T it 75 22 2% R R R ML 2 i, )
EMLAHEPE T 25 [EALAL 95

DIHUSEAS [R] (0 57 32 fiig 25 28w A2 I A3 iz
BRI, E e, B H B ABITR L, A2 2
FIOA 14 B8 B EE BRI ITRE ST, 0 A3 A HE A
34 58 AR I A, FLIK, A3 3 FLR F AU
ARG His BB, LB P R ST i 5 /N AR BB Y
PV F 20 AT E PRt 5 B AT LR, i A2 28
F) A B ALz AR 3 R DL PR AR

FRYESEBRIZ AT 1 100 1 B PR 23 A b s R 4
g AL 6 Fhirhg st Hirh 36 h 148 h Y
PR3 9 2 s oh 01 S KO K 7 0K 5 3 Rl E 431
(1) 23R 0 3 7R S [R) R R A Az A B L ], 3
T T BE ) 45 19 i 25 5242 25 B Ik SR A 78 X6 45 )
KA TR R A IA SRR SRR 2 E
Wz 9 Fim,

MFE9 T LIE L, DL 36 h B 3 R 1], AR
BHAKE BEE TR A S TS A A A2,
TCAILAH OC B A 1 LE ) 43 0 R T1.24% L 68.78% |
80. 89% , AR EE L T $4 i 0 W AH 5 LA 11 L A7)
I3 26.6% 27.5% \16.76% , B SR W #
X R W BERE W R AR, B 2S A | A2 IR
M LRSI A o0 3, I H LT A 8 2 bt 2 33
s X FT s 28 7 A3 RHLAH & B AR 1 A1) 4 53] Sk
77.73% 71.32% .61.64% , 5 B W /9 F W #a 3, 1
TR AE I AR 1Y EE A8 43 Gl R 11.91% | 28. 68%
32.53% , R EM LGS X RV kTR
I 28 23w A3 (KA SR I LA BIE A8 1588 32

*x8 HRERMBEITXI N . — .
Table§ R ot schedul DA BR300 25 8 W) B BL AR AE R 26 235 4
able ecovery 1lig| schedule — o — N N
R AFE, Wiz AF A3 LR 2 RHLI A B 2258
L P ] K, I HMLREE M A R B2 4%, i BT L AT R 2% (1) 25 (R 4%
T00  FI0 €09 CTU DEL 0  06:44—09:59 N, MR ZS ) A2 BOBLBA TS & ML AR /D | 25
T00 FO8 €07 DEL BLR 14 11131322 BRE SN IR FLATLE 45 M B B AR LY T
TO0 F02 €0l BLR DEL 16  14:51—16:59 N
TOl  FO3 €02 NRT XIY 14  03:20—06:55 TR
00 R4 03 XIY NRT 14 12.29—16:05 MR I R fife AR B A D S0 1 36
T2 FO5 €04  KIX CKG 12 03:23—06:48 T, SR ARy TR] AR LR RGK  IX AP IR 5 NP-hard [7]
T2 FO6  COS  CKG  KIX 11 10:11—13:36 MU REYE A AR, T A BB ok R 2= R
T3  F07 €06 BLR DEL 16  00:50—02.58 IR . _ .
T03 FO1 Co1 DEL  BLR 11 09-25 11 '34 0. 47% X T HLELBU NS 23 Tl A2, REAS 12 1 Y
To4  FOO €00 CTU DEL 22 00:45—04:00 A3 SRAFEBT OB 25 3 (BT BE 0% 7 A BRI a] 1y
To4  FI1 €10 DEL CKG 19  10.50—14.24 SR L i B A e
R9 MEAF A2 AIHITEER
Table 9 Computational results for airlines A2,A3
. N WEW, R, WA/ TG SRIpHE, R/
fizsAd MR * - _ , K >
% &AL Bl L] st P AR s %
5 1320 40 492.9 1852.9 ~141.5 88.92 0
43 36 10 1 480 80 591.7 2151.7 ~133.5 143.59  0.20
o 20 2760 80 571.9 3411.9 ~129.7 206.95 0
5 2 440 200 179.5 4439.5 2203.8 1021.75  0.55
65 48 10 4560 200 1410. 1 6170. 1 ~172.8 670.95  0.31
20 3 840 200 1441.7 5481.7 ~194.2 1238.39  0.33
5 2 400 320 367.8 3087.8 —418.1 1902.86  0.02
102 36 10 2 560 0 1029, 4 3589.4 _425.3 2498.88  0.13
. 20 2960 280 1561.8 4801.8 ~394.8 337175 0.32
5 2 640 40 309. 8 2 989.8 Z518.1 6859.34  0.05
167 48 10 4200 40 909. 9 5149.9 -507.8 6389.98  2.02
20 5520 0 2542.7 8 062.7 -509.3 6985.98  1.74
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