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Abstract

With the rapid development of China’s civil aviation transportation industry, the flight capacity of
major hub airports in China is close to saturation. How to optimize the flight landing scheduling in
the terminal area of the hub to reduce flight delay based on existing resources has become an im-
portant task. In this paper, the terminal area flight landing problem is modeled, and the ant colony
algorithm is used to solve the problem, while the Python program is used to simulate the ant co-
lony algorithm. In this paper, experimental parameters are tested to find the optimal solution, and
the final data is compared with the data of first-come, first-served.
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AR TR E AT Pl R e, A s R SR, SRR E R R T R S A R N3
IR BRI PP JE H 2R, e Z0iE OK RATPEEN LIS S SRR, TR R VR MR ) 1R
R IR It 28 3 DX AT BIE 8 FEE T AT 0 A 8 1 WX A WL 3 2 s [X S B O 2 8 S AR /KT L2 om BTk Y
N 3L [ P A xs 2 vty XU AR B il A 4 2% I JE 5 Rl (EDRARYE H AT R 3, WidEds
H AR Ak TR FE AT SR AT AR K 4 TH 25 18], X RO I LA 7 28 SRR AR Ak 7 T F 9 ¥ 94 05 . Briskom Al
Stolletz [1]iid 5 #HERZRHE— 0 SEIL T B RIACAGHE T, WA 238 % FH FH 0 M 1 AU AL SRS R LA Bl
YRS A 53, DA I B A 4R B B Y CHLRR T I, SR S PR R AR I R, AT
AR — e HE NI T SR . Gilbo 8 A [2], HREH| 7 —H35 s, 2SI 7S SRR ] DL A HNB
A M ER I BEAL I SR LR R . SCH e T 2 R RRNUA IS T £, AT b, BRI T
A RE & A B MU A RS . FR[3]5 N NIRTE & X AL HE R B2 (A, JF R B T HLI% 2 X A
THEMHEF B R G, 1% RS0 T 5O B PR A8 L SE AN e AR R R, X 28 o X i PE
FERATARAL o

AR RIS, TR N LI bR B 1)) v] Lhig 5 BRI 7 R, Rz @ il A ek
B, MR . B TER, B30, R4 H T — R RO A BRI WO v, Rk
R T WORE R R A A JRAR R B T, BRI SR I, JEHS A T R IRALE 295, LAtk
KA PRAE AUE R FEHE T TP AR R A PR R G M, AE 0 MBS A 5 1 2 b A8 8 I B 5 HE 2 (AL RS A 4 AN
Wt 7772, Abdul (2014) [5]45 Gt S LAl o B B E F A VLI & B R B i) gk AT T Fe . ERIRT,
BE[6]55 e s A D & T TR (0 2 SR L3 25 5 IR S5 2 O, S e g A% 002, 7R3 R ML A = IR B AT T,
PROR Re 0% B A A R I (R R A AR S o 15 /ISR IR, EXBE[TIR Y 7 — M TR S R AUE B
PSR R, XA — B R E R R GO S ) — R iR 5 o50dE, b SE3e A 80w IR T A& Geil
B EVE IR P AR AN AL, ELAS B 45 S 55 35 T I S 1) 30 £ SV R 0 1) IR 215 HE ) 45 SR AR B
BARSRI SN RS R SORE . A SCiE F BN FH AR PE A 1) J5 ST e A A V4 I 1) 5
T PP ALHE () B v I ] 22 58 SR R B S, SRABEE 1 S KA A% PR ) AR IR v ol 2 i [X. it BE 5 ot A 2 1)
AT, TERRHERESE, 2 python i 5 X RUEHET 07 HSLLS, R ATfS SL 0 B 5 5k B g5 i
SR B BAE AT L AT
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2.1. WHEERR

WUEE RS R ACFI% % Dorigo, Maniezzo % A7 20 tH42 90 4FAUE SR ik, M TLULILIT &
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PEAERI T, T 0 — b 7 AR R

W AEIZ A R, RETEEATE I MR LR N —MAnE BRI =, 8k
FARI WGIAT (S B AR, IF HBSGHAEZ g A2t R B XA i, il X pE i 7 k48 51 & B 1)
BEN T X PG AEAR BIAT Ayt KB A 2 Y, RIS AR I B fE , — s B IE R
TRILS, TR —fe b s G 2 , 5 77 (0 0 % P12 IR A I R R R . SO V2 46 A
T B RIE RS R AR RRE, AR b2 —fa b S i s & (e R . &5k
L Gt i AR L ok, BAE Rtk shasth, BENLIEA R D ISR A, I SeRs R AP RE
T A2 I 245 2 11 75 2 B AR I TR 2
2.2. ETBEEENMMEMEE O EOHFER

f 2 B 7 A 1) B ) 3 B SR R AR S A B U JREE, M s AT R AR R, BT 8
FUBUARIR] . FBE AR, AT i AN . BT CAERT 53 AT PE ARG HE T, xR
JESE L AT o MR R I AN [ 45 21 A [R] 2R 2 TR 1) B OR F5F 1) B /) 22 4 ] B (MSI, Minimum Security
Interval) W55 1 ATz~ : (A SCRTIE K i 2 80 L HE 8] ) e /N [T B R S 2% T Beasley 25 A\ [817E AL K HLEIE
HE 7 518 B 10 L (ASS) H 5E SCRITHE /N ATBE) o

Table 1. Minimum safety interval for flights
= 1 s/ L 26k

o JERLE LAY j
MSI (i, j) (s)
1 2 3 4

1 96 200 181 228
B o 2 72 80 70 110
MALE RIS A

3 72 100 70 130

4 72 80 70 90

1= W& 747, 2= P& 727, 3= P& 707, 4=Mc Donnel Douglas DC9

SR ST AL T WO SR RO NP Bl A Y BT 5 (9 SR IR 2404 2 R

Table 2. Experimental parameters
#z 2. ZHBY

n AL AR
I PR n B XA TR R A S
|| m PR R A
n HAHIE T 5
PLT (m) AP 25 ki 18] (Expected Landing Time)
ALT (m)) FiYE G & & Bk I F) (Appoint Landing Time)
MSI (i, j) B /N2 4z A B
Ant_max I AH
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Continued
Nc_max B R
Alpha ARG RRHEERE
Beta Ja KR T E R
RHO R T
Q Bl e
MPS B RALF & (Maximum Displacement Offset)

EX—: ARAER
JRRALE B S EE T AHER S § AT 0 SE VR A B A D% (ROSWTHEAS RESR AT 21%);
BOULHE j AEMTHE | Ve, JURTBE j 945 € 5 Rl 8] 0

ALT ;) = Max(PLT (), ALT (m,) + MSI () @)
1 2R BT HEZ 18] (A B SR FAmAT 6 LT, RP
ALT (m;)- ALT(m;) > MSI(m;, 7, ) @)
Ja R ASE BT
1
7(mm) ALT (m;)-ALT(m,) ®)
FEX s MPERIE R A S A
z-i?'nijﬂ i e N
SR D JE A @
0, oA

D ESHPUIEISE SRR L E
{5 B3R oy FORMUL i BTG, XTATBE j Bk 74 AT B
AT RS IR B WO A5 B R D BURT 7k BB m R, = IR 2l i 4% B #1656 Al
TR )G, B8 XHE B R EAT 55
7;=(1-RHO)-7; + X" Az (5)

MR _FIR 5 , X Seie IR AT A «

W XROISBEE, SORERIRE, ST AT B HT AR, SRR i 2 (R B
HENARFE AR, B RS B S RS R T E

WU ANERYE, 5 AR TEE 2 (R R 2 10,

IR = TR A S BB S R UE R

SPIRVY: RIS Kk UE BAUE B 2R T 5 i f IR B

IR ARIEFE B I 7 VIR R T — TR IR U IEE,  FRid SRk B TPE A IE R (]

WIS BEOPR =, HETA RN SIE R TR, AT H 0 ds By 2835k B 42 6 92 1) 7% i BE
NI DA B e JE A2 B (), AT 2 2 PR A A0 13 S 1] A T B T 2 48 P S o o v B 1) -5 900 o 7 B 1) 22 ) SRR <

TTDn=amnﬂnmn}:L{ALT(m)—PLT(nJ] (6)
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2
Ant num =0
Ant num < Ant max =5
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Figure 1. Program framework
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AR EHE R R o, bR ISP IR, DL SRHETH 5 B R SO X N ) S
RIS TA], ARERIAAR, B RIE B A ARELG
Az R K IR, ) BB IE B, RIS MR NS A% § A3 § BT, RTINS

R
g BT i S ASA TR § R
Act = %vﬁWHﬁEﬁ%mw% -
0, Hfth

TR L A kR SISO 3 1 B I A (4 SE SR [
BRI W HATBIRIEE A, ot e /I AE VR N [) AR oS 2 )7 S AL Ry
VEHUTTIE R HT S RS MK T IR B i K ALRE i B MPS, 24 MPS 2y 0 i, RGBSR 5s .

abs(m, —Lm; ) < MPS (8)

L, SV G ALK
IR, BB SRS, SO RO A R BT AL, BT 1 FRRAE
gy, T DA B A R VS BT 4 R FOR . R Python R A 4T A HEAT S«

3. SLIEBIR DR
3.1. SEISWMMHE

A SCHTRLFH 1) 30 ZEAHE S B S R 55 BB B S« ALY AR 35 i AL BIE 00 F3 vt i k1] 46 5040 12 X
H Zhan ZH, ZhangJ, Liu O 5 A\[91SEa%idis . ASCHIATA S50 B iEid Python St it 77 A3 DL L EL.

T SR AR B SCHEAT SER T T A & RS B EUE . X Alpha 1@ SCRRII 502 AFRS
SE S 4 Beta = 1.0, W& 200, ERIRECH 50, 240 RHO = 0.1 fM1Z:%1 Q = 10,000 [I{H, FXf Alpha
3 RIEL 0.1, 0.2, 0.3, --eee v LOBE, AT HRERES, THEARENBUE T RS AT R A A 1R I ] (1)
BUME, SRICPY, TR AP EE AT Ee A, 957350 4 JE 5 i R B /N G B2 F - Allpha A4k 45
BEATSEER IR NS Alpha (AR A

RIS ORI EE, XA Alpha HUE TR U0SE 5645 21 1 25 SR SF 35 B iR I [R], 6 B
P E e f A 2 Bos &gt B,

MRIEE 2 T2 e, TTLATEIE i, Alpha (1 HUE X 4E 2 ] [ 52 ma e a5 1, 78 0.1~1.0
Z [, Alpha FIEUEBRR, 52 S E R R R 8RN, 124 Alpha = 1.0 B, SLAE R A] P35 {E
/N, RIS R, WUEISH Alpha = 1.0 468531756

T € G- 240 Alpha [ME, BERIXT S48 Beta HEAT €, SE50R AR € S 40 Alpha AHFEI 775X, 4558
Z40 Alpha = 1.0, 19 &~ 200, ERXRECH 50, £40 RHO = 0.1 A1 Q = 10,000, % Beta 475X 0.5,
1.0, weeeee « 5.0, HEAT RS ARSI RS B & 3 prRiit &Gt K.

HIEIPE 3 F RN 2, #£ 0.5~5.0 Z 18], 4 Beta B 1.5 i, EIHF&BiER S, R RPritE 3
() B FE RN TR /DN, 177 24 Beta 4k L3 K, P34 S SE R I 8] 52 1 TF 463881 28 K, 2 WI4E 2% Beta I F 1,
B —ANERMAE, BT UAERE TRV SLE ik B S 4L Beta S LA 1.5 #4715

e T Alpha & Beta ({8, HIkFEXHE KK 7 RHO MR Z BT RHE, 7504 €S % Alpha = 1.0,
Beta = 1.5. 04 s 4 200, &R KE N 50, Q = 10,000 fI4HE T, RHO 5HIEL 0.1, 0.2, 0.3, === .
1.0 i, BEATHRSEE . SR EEEATICA, BUH RS RSP AE AR K 4 B P
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Figure 2. Determination of the Alpha
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Figure 3. Determination of Beta
[ 3. Beta U E

ZH RHO KT, % RHO %1 0 i, XRASEEERREMUEEE, 124 RHO 4T 1
I, FORTET R B3R IS B e Al AR Y T Og asCre AT FEHE 7 (0 45 o B LIk . AR
K 4 Frondrge B, WTULEWE S, BT RHO = 1.0 B HH 545 20 i s FE SR 6] g LAAN,  HoAth Kol <t 28
DR 25 R AN B, T AR e KT, BTRAOY T 240 RHO MHUE, RZAR 1.0, HRB(EY,
TEARRSEI T, EIZE RHO = 0.1 #HT1HH

ffi5E 1 Alpha. Beta X RHO MIME G, I AN R RO BRI T ST it . 7245 24
Alpha=1.0. Beta=1.5. #5200, Q =10,000 K%M, MPS 73 E 1. 2. 3. 4, #4711k
A . RSB EE A TIC A, BT RSRIS 1 P IE AR B 5 BRI LRI . B 5 RTAIANEI MPS 2%
PF R A B35 18 DRI B] S AT AR PR I (3 AR B RER S, THEAS BB R AR A R PR, FLA s i —
SER, SEARKECRBIIG N, RER G B 2 () 5/ 28 1R I TR R AN, 181208k, MRk E A 200
PA b, /NGRS RS A BT T — AN Ko X0 o AR I T WO R AR WA SO RO AR E
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Figure 4. Determination of the RHO
& 4. RHO HINIE
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Figure 5. The rate of convergence under the different MPS

E 5. 7[E MPS T HIU SR

3.2. SEEBURENIEL

I 5 5 2158 ik 55 A0 7] BN F 5 SEER AT K, Se3e 2301k $8: Alpha = 1.0, Beta = 1.5,
RHO =0.1. Q=10,000. W # 5y 200, EACRECH 200, S KA PR 40 Al MPS = 1, 2. 3. 4.
A B KA A R R SE 36 R T AR 0 1P 3B e 3 Fom I i3 3 Bl dil sk n € 6 BRI 2R 1K

MR 3 PR 6 T & B0, KI 30 ZEMHi3E, 24 MPS = 1 I, i WU B T B 3
() Sk S R IS ] BL S 30 S ik 25 07 W43 B 1) S BRI [R] /> T 30.4%: 24 MPS = 2 B, SIERES [AED T
53.3%; 4 MPS = 35}, MIEREAIE/D> T 53.6% H ALT 2045 5 MPS = 2 If 6 K Kk 24 MPS = 4
B, ALT 43405 MPS = 3 B 584 AH A . BHULAT DAAS 4518, MPS B BUELE — & 36 Bl AN B R, 152
AL 45 Rkl i, ALAGBOR K SR AEA W, X RILH Y MPS iA B — @ {5, S AE R [A]
ST MaE Ve, HREAGRKASRTRBERS LR .
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Table 3. Experimental parameters under different MPS were compared with first-come service
7 3. I[E MPS THILI S H 5535 SR

FCFS MPS =1 MPS =2 MPS =3 MPS = 4
5 MK PLT fw's MK ALT &5 MK ALT w5 MK ALT s Rk ALT
1 1 0 1 1 0 1 1 0 1 1 0 1 1 0
2 1 79 2 1 96 2 1 96 2 1 96 2 1 9
3 1 144 3 1 192 3 1 192 3 1 192 3 1 192
4 2 204 5 1 288 5 1 288 5 1 288 5 1 288
5 1 264 4 2 488 6 1 384 6 1 384 6 1 384
6 1 320 7 2 568 4 2 584 7 2 584 7 2 584
7 2 528 6 1 640 7 2 664 4 2 664 4 2 664
8 1 635 8 1 736 9 2 744 9 2 744 9 2 744
9 2 730 10 2 936 10 2 824 10 2 824 10 1 824

10 2 766 9 2 1016 8 1 896 8 1 896 11 1 896
11 1 790 11 1 1088 11 1 992 11 1 992 12 1 992

12 1 920 12 1 1184 12 1 1088 12 1 1088 8 1088

2
13 1046 13 3 1365 13 1269 13 1269 13 3 1269

14 1106 15 2 1465 16 1369 15 1369 16 2 1369

16 1166 17 2 1655 14 1529 17 2 1529

3 3 3
4 2 2

15 2 1136 14 4 1575 15 2 1449 16 2 1449 15 2 1449
2 4 1559 17 2
2 2 4

17 1233 16 2 1735 17 1639 14 1639 14 4 1639
18 1 1642 18 1 1807 18 1 1711 18 1 1711 18 1 1711
19 1 1715 19 1 1903 19 1 1807 19 1 1807 19 1 1807
20 3 1770 20 3 2084 20 3 1988 20 3 1988 20 3 19

21 1 2074 21 1 2156 21 1 2074 21 1 20714 21 1 2074

22 1 2168 22 1 2252 22 1 2170 22 1 2170 22 1 2170

23 4 2259 24 2 2452 23 4 2398 23 4 2398 23 4 2398
24 2 2427 23 4 2562 24 2 2478 24 2 2478 24 2 2478
25 1 2481 25 1 2634 25 1 2550 25 1 2550 25 1 2550
26 2 2679 26 2 2834 26 2 2750 26 2 2750 26 2 2750
27 3 2883 27 3 2904 27 3 2883 27 3 2883 27 3 2883
28 2 2982 28 2 3004 28 2 2983 28 2 2983 28 2 2983

29 1 3046 29 1 3076 29 1 3055 29 1 3055 29 1 3055
30 1 3091 30 1 3172 30 1 3151 30 1 3151 30 1 3151
BIER: 8027(s) JBIEiR: 5583(s) BIER: 3751(s) BIER: 3721(s) BIER: 3721(s)
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Figure 6. Distribution of ALT under the different MPS
6. &R MPS T~ ALT K4 fR1ER

4, GGibERE

AR S R WO ST A 1 4 R PR 2R R AL R MACSICRE 0 R A R AT BIE A it ) PEE I A P i R
B SO RE S IS BIE AT HE, RSO R S RN ZIRA BB S, tHRERIKI S R
556 Bk S5 B 45 Rl AT B, A G i as R . BRIGEISeIRSSAIEL,  REW A R s i UE A
TEVRIN 8], FLEEAS Y AL S OB R VR PP 7] LA 0 ) R d it — N2, A R/ 18 ) B3 A
JE 3, RIS AR T i 4w 2 Bk o

FEASL R R PO SRR TG [ BEHEAT 87 S AT 7C , (ELATCRIE G o 4 B2 vl AL 76 1 AN sE 1,
RN RIRZARMI S, FEBEIFFMRZITMA, B FARRG T I A AT, O HZ AT
HIRZRIIT FU SRR . ASCHE RETER DLEATIE T, R 58 2 HIE DL R A BB R s Ol . [
b2 e I T AT AR 22 B TE PR 175 00 LA AN ) ) B T A PR 5 0% R o AR SCAE S 32 ) REL AT BT I 2 1
T ARRFAE, AUHESEBRAE [ () A o VR 5 T BB R TR], (H A SE PR 85 b SR VE ST T Bl & i
IFTAL Y, DA ARSRAIT 7t m it 255 18 31X — R K 2

SE

[1] Briskom, D. and Stolletz, R. (2014) Aircraft landing problems with aircraft classes. Journal of Scheduling, 17, 31-45.

DOI: 10.12677/m0s.2022.111004 49 e RSE TR


https://doi.org/10.12677/mos.2022.111004

i
(i
&
48

(2]

(4]
(5]
(6]
(7]

(8]
(9]

https://doi.org/10.1007/s10951-013-0337-x

Gilbo, E.P. (1997) Optimization of Air Traffic Management Strategies at Airports with Uncertainty in Airport Capacity.
IFAC Proceedings Volumes, 30, 35-40. https://doi.org/10.1016/S1474-6670(17)43797-9

FIR. B R FIETE AN A UYL R B A S [D]: [ 2560 5], KA E RATK S, 2012,

LPR, MR, Wi, BT 52 RALES 20 (1 80 S92 78 At JE % i R 2 () R e () B2 A A D). 8 B AR 221,
2016, 30(1): 191-196.

Abdul-Razaq, T.S. and Ali, F.H. (2014) Hybrid Bees Algorithm to Solve Aircraft Landing Problem. Journal of Zankoy
Sulaimani, 2014, 157-161. https://doi.org/10.1504/IJADS.2016.081394

FFGHT, M. T 25 U VT A ) 3k 4 A R A AR AR SR [J]. B R R K B AR, 2015, 47(6):
827-832.

Feng, X.R., Feng, X.J. and Wang, X.L. (2016) An Ant Colony Optimisation Method Based on Pruning Technique for the
Aircraft Arrival Sequencing and Scheduling Problem. International Journal of Applied Decision Sciences, 9, 333-347.
https://doi.org/10.1504/1JADS.2016.081394

Beasley, J.E., Krishnamoorthy, M., Sharaiha, Y.M., et al. (2000) Scheduling Aircraft Landings—The Static Case. Trans-
portation Science, 34, 180-197. https://doi.org/10.1287/trsc.34.2.180.12302

Zhan, Z.H., Zhang, J., Liu, O, et al. (2010) An Efficient Ant Colony System Based on Receding Horizon Control for
the Aircraft Arrival Sequencing and Scheduling Problem. IEEE Transactions on Intelligent Transportation Systems, 11,
399-412. https://doi.org/10.1109/T1TS.2010.2044793

DOI: 10.12677/m0s.2022.111004 50 jé

S K

[


https://doi.org/10.12677/mos.2022.111004
https://doi.org/10.1007/s10951-013-0337-x
https://doi.org/10.1016/S1474-6670(17)43797-9
https://doi.org/10.1504/IJADS.2016.081394
https://doi.org/10.1504/IJADS.2016.081394
https://doi.org/10.1287/trsc.34.2.180.12302
https://doi.org/10.1109/TITS.2010.2044793

	基于蚁群算法在航班着陆调度方面的研究
	摘  要
	关键词
	Research on Flight Landing Scheduling Based on Ant Colony Algorithm
	Abstract
	Keywords
	1. 引言
	2. 蚁群算法在航班着陆调度上的研究
	2.1. 蚁群算法概述
	2.2. 基于蚁群算法的航班着陆调度问题的数学模型

	3. 实验数据分析
	3.1. 实验参数的确定
	3.2. 实验数据对比

	4. 结论与展望
	参考文献

