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Dynamic Estimation of Flight Departure Time Based on Bayesian Network
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Abstract In order to accurately perceive the flight departure process and estimate the flight departure time,a method
for estimating flight departure time based on dynamic Bayesian network was designed. Firstly, the factors affecting the
flight departure process are analyzed based on different flight attributes. According to the influencing factors, the data
are classified and processed,and the Monte Carlo simulation method is combined with the historical data classification to
obtain the joint and prior distribution of each link. The Kolmogorov test is used to determine the joint distribution model
of each link,and the parameters of the dynamic Bayesian network model are obtained. Secondly, the Bayesian network
architecture and conditional probability are used to infer the dynamic estimation of the departure time and the comple-
tion time of each link. Finally, the single-destination operation data of an airport in the middle of the country are selected
for simulation verification. The research results show that with the progress of the process,the propagation error will
gradually increase,and the estimated accuracy of the departure time will be over 80% ,what’s more, the stability of the
dynamic estimation result will be better, which can fully reflect the actual situation of the key node in the departure
process of the flights.

Keywords Air transportation, Flight departure process.Dynamic Bayesian network, Kolmogorov test,Conditional pro-

bability estimation, Propagated error
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Fig. 1 Flight departure procedures

2.1 BHERENBFER

A% SC T2 B X A A JE X i BIE S A AR U AT 40 T R A
A8 %) S R U AR HEAT AT T A AL 3

D) UL 7E it JE Rk v T 2 28 43 B0 58 B8, 22 W W v IS B8 AL
AL A% B 5

2) AN AL ZS 2 WA BLIB AT 1 A4 1 A2 AL R A 5

3) 728 Wt g I T 1R 1349 A5 2 AR IR 0 v Ot AR S ) S

R AT S B 2 78 VL AR 43 7 A9 B0 AU BIE 55 4 T ) Y B A A

tp =ty +ics Ttro @D
L =tr tta (2
tes =max{M,; s M, ,M; ,M, } (3)
tro =tao T tro (4)

Forp oo FORMUBEES Hs B fR) L S M A PR EE L 3 A B B
A 8] 22 15 2y 225 MU0 BE 0E 85 10 W A BF ) 5 I 9 0T RN O AT
TE VAT B AR AH G 5 2y iy B0 PR T AL IR 5 20 VB AT IE WA
B TA] 5 26 3 7% AL BIE by 187 5 ) TR] , 55 AL 8 A O /) AR A% Bt % 5
RIBATIRASHE My AL %384, M, &M IR %5 . M, it
B AR 55 s M SR 8 IR M 5 240 A9 UL BE 25 85 08 1, 55 40 B G
T FLH AT A AR 56 5 200 AR ATTE 1 HE 5 200 S BT JES KT I
2.2 BRERENYHEZR

AR s AR — D Z A B 44 TARE R, B X 2 i
AR — NP-Hard [0) 8, 7 56 40 7 H 3 2 00 52 o R 2, AR 4
AN B R AT 2R R . AR SCREREXS LY ALAL AT BE AT e
IF) 45 P 2 A T AT
2.2.1 A

fdi ML A TR) 2 S SO DE B0 3 % Bt 77 A8 25 L LR
P 25 Vs T TR0 [T R £ 52 B AE 7 9 5 0 . — P Sk 0, ML TR K, i
PE B B s I AL AR . X B R R AR Y R S AL A 4 R s 7
B T oy 2,k 1 prdl,

£ 1 PP

Table 1 Classification of aircraft types
E ¥l JE L # RENA
N 60 FE LT E190.EMB145.MA60,CRJ900 %
# 61~250 & MD90.B737 % 7| .A320 % %] \CRJ700 %
x 251 BBl E B747.B767.B777.A340 % #| \A380 % 7 \MDI11 %

ARG ALY 4 732, AT A vp 38 A A BIL 35 — 4F 1 B3 50 4
P BEHLIME 3 HAEA AT LT AT A 100 DREA,
GERNIE 2 R . P 2 KRB MR OUTR  RBLALIN A BT B ik



5510 19

TG L 45« T DL I 30 190 265 1% 0 BIE 2 9 o 1) 3l 25 A 331

RF ¥ F) 2494 LE R B AL AN RLHILC 24 30 min,

200 200
g —san | Sy
§ 150 L E it
o
g E
& o & m
3 E
% 50 g 50
[a] [a]
0 0
20 40 60 80 100 20 40 60 80 100
Flight Number Flight Number
Ca) KA BB e 1) 8 31 (b) YL 25 i ik 1] 255 31
200
P B
E - A
o
E
& 100
o
ERNN TR P T N
g_ 50
a
0
20 40 60 8 100
Flight Number
(o) /NERUAIL 2 3 I fi) 7
B 2 7R [ ALY B A BE 2 s b )
Fig. 2 Departure time for different aircraft types
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Fig.4 Departure time for different execution periods
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Table 6 Dynamic estimation results of each link completion time
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Fig. 9 Flight departure time estimation under different conditions
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Table 7 Calculation results of correlation error

A RMSE MAE

BT 0.875 0.875

THE& R 2.178 2.173

IR AR 8. 347 8.014

L bk & K 3.941 3.742

A4 R 4.389 4.167

EEEX 5,462 4.851

B 4R 4. 820 4.150

LR 5.379 4. 360
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Fig. 11 Comparative analysis of different Bayesian Networks
BETRAE 7R SCH AL A BT 0 BE B U 00 S B O AR AR R

2 20T A AR B R T B U A Bl A L
- S0 190 2% S 4, A5 2 T 0 BIE B s I 1D 14 S S AL T O vk TR R
WY - R B B 9 A 5 — A do 7 T 2 o AU BIE 5 2 4 94 I 1D 7 AR
— 5B BUSE W A% O (R B3 B35 % G 5 W) 5 K 5 AL A AL B N PR AT
I i) 2 50 B 8 v G R A 00 0 A% 1 o 2 A 0 7S DU ST I 4% &%
2 50 A S B 2R 5 g A U R ) A PR T 45 RN (] Y Bl 2 A
T2 Bl E I ) AR B0 e AR ISR B . T — 20K AFR 1Y B AL
A ST TE 8 A B R B A R S B 4 AR O T HEAT R AT B R
TE 2 L BE R B0 T 2 57 A A B3 U BIE 5 8 I 1) 3l 285 3 Ay D
I 8 o) 265 A5 Y, <5 R GH AT BIE B 98 1 S 8 4 o

2 % X #

[1] SHARPANSKYKH A,HAEST R. An agent-based model to
study compliance with safety regulations at an airline ground
service organization[ ] ]. Applied Intelligence,2016,45(3) ;1-23.

[2] LI D,CHEN K, TAO D,et al. Medication planogram design to
minimize collation delays and makespan in parallel pharmaceuti-
cal automatic dispensing machines[ ] ]. International Journal of
Advanced Manufacturing Technology,2018,67(14) :1-10.

[3] JACQUILLAT A,ODONI A R,MORT D. Webster Dynamic
Control of Runway Configurations and of Arrival and Departure
Service Rates at JFK Airport Under Stochastic Queue Condi-
tions[ J]. Transportation Science,2017,51(1):155-176.

[4] GURTNER G,COOK A,GRAHAM A.et al. The economic va-



5510 19

TG L 45« T DL I 30 190 265 1% 0 BIE 2 9 o 1) 3l 25 A

335

[5]

[6]

[7]

(8]

9]

[10]

[11]

lue of additional airport departure capacity[J]. Journal of Air
Transport Management,2018,69(3) :1-14.

NOVIANINGSIH K., HADIANTI R. Modeling flight departure
delay distributions[ C]// International Conference on Computer,
Control, Informatics and ITS Applications. IEEE, 2014 :30-34.
LUO Q,ZHANG Y H,CHENG H,et al. Study on flight delay
prediction model based on flight networks[ J]. Systems Engi-
neering-Theory &.Practice,2014,34(S1):143-150. (in Chinese)
Bl SR AR L AF B T A A L P 4 K AL L3 o BIESE 2R
BUNALRIT ], RYE T AMIE 5 9. 2014, 34(S1) : 143-150.
LUO Y Q,CHEN Z J,TANG J H,et al. Flight Delay Prediction
Using Support Vector Machine Regression [ ] ]. Journal of
Transportation Systems Engineering and Information Technolo-
gy,2015,15(1):143-149. (in Chinese)

TR BRI B S5 SR T SCHR o] AL BT U0 A0 BE A R T
AT L], 523038 i Z % TR 515 8., 2015,15(1) : 143-149.
LIM A,ZHANG X. A Two-Stage Heuristic with Ejection Pools
and Generalized Ejection Chains for the Vehicle Routing Prob-
lem with Time Windows[J]. Informs Journal on Computing.
2017,19(3) :443-457.

GUO Y C,SHE B X, LI L. Evaluation Model on Flight Delay
[J]. Mathematical Modeling and Its Applications, 2016,5(1);
60-68. (in Chinese)

SR, A3 B AR TP 5 0 DA ST [, 0 AR B L
BT ,2016,5(1) :60-68.

HAO S Q.,ZHANG Y P,WU S,et al. Probabilistic multi-air-
craft conflict detection approach for T trajectory-based operation
[J]. Transportation Research Part C: Emerging Technologies:
2018,95(1) :698-712.

YAN X,PRATS X. Effects of linear holding for reducing addi-
tional flight delays without extra fuel consumption[ J]. Trans-
portation Research Part D Transport & Environment, 2017,

53(13):388-397.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

GAO X G,CHEN H Y,FU X W,et al. Discrete Dynamic Baye-
sian Network Reasoning and Its Application[ M]. Beijing: Natio-
nal Defense Industry Press,2016. (in Chinese)

i DR BRI AR /NI, A B sl 24 DL 30 ) % 4 K HC R
M. dbat . EB7 Tolk it 2016.

LI Z Q.XU T,GU J,et al. Reliability modelling and analysis of
a multi-state element based on a dynamic Bayesian network[]].
Royal Society Open Science,2018,5(4) :315-329.
CHAUDHARY S,INDU S,CHAUDHURY S. Video-based
road traffic monitoring and prediction using dynamic Bayesian
networks[ J]. IET Intelligent Transport Systems, 2018,12(3):
169-176.

YANG X H,GAO H Y. Improved Bayesian Algorithm Based
Automatic Classification Method for Bibliography[J]. Computer
Science,2018,45(8) :203-207. (in Chinese)

WAL 5 . B Tl UMy B B A Shar R BE L] i
HLEF,2018,45(8) :203-207.

MCENTEGGART Q, WHIDBORNE ] F. Multiobjective Envi-
ronmental Departure Procedure Optimization[ ] ]. Journal of Air-
craft,2018,17(1):1-13.

IMPERATORE P,AZAR R,CALO F,et al. Effect of the Vege-
tation Fire on Backscattering: An Investigation Based on Senti-
nel-1 Observations[ J]. IEEE Journal of Selected Topics in Ap-
plied Earth Observations & Remote Sensing, 2017,PP(99):
1-15.

ZHANG X H,GUO Y,LI N,et al. DOA Estimating Algorithm
Based on Grid-less Compressive Sensing[ ] ]. Computer Science,
2017,44(10):99-102,133. (in Chinese)

TR RAL S, AT, A5 KT 0 AR TR 45 BRI 89 DOA il i 55 1%
(. PSR, 2017,44(10) :99-102, 133,

WU W, WU C L. Enhanced delay propagation tree model with
Bayesian Network for modelling flight delay propagation[ ] ].
Transportation Planning & Technology,2018,41(3):319-335.





