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Prediction Method of Flight Delay in Designated Flight Plan Based on Data Mining

ZHANG Cheng-wei, LUO Feng-e and DAI Yi

College of Air Traffic Management,Civil Aviation Flight University of China,Guanghan, Sichuan 618300, China
Abstract In view of the fact that the existing flight delay prediction methods are rarely analyzed from the perspective of the de-
signated flight plan delay prediction,a prediction method to study the delay situation of a specified flight plan in the departure
flight plan is proposed. First,analyzing the intrinsic characteristics of a large number of historical flight data mining data. Second-
ly, this research employs Dynamic Bayesian Network inference as the main modeling method to obtain the probability distribution
under different conditions of flight delay. By studying the Dynamic Bayesian Network inference process and simulation, this paper
presents a new method for the construction of the flight delay prediction model which is to establish Hidden Markov flight delay
prediction model based on the real flight data. Using the Viterbi algorithm of Hidden Markov model decoding problem to predict
the flight delay time. Finally.taking an airline’s full-year flight operation data as an example for example simulation and verifica-
tion, the results show that this method improves the accuracy of flight delay prediction objects.
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OBSERVABLE STATES
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Fig. 11 HMM prediction model with flight planned departure

time as output observation sequence diagram
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Table 3 Discretization of hidden state variables

ROk AR E R A B R R

<230 min 1
30~60 min 2
1~2h 3
2~4h 4
>4h 5

B4 TLIR 25 AE B GH Sl B o ek DD S Ak
Table 4 Discretization of observable state variable
(planned departure time)

ALK A K BT R] B R B R R

0:00—8:00 1

8:00—10:00

10:00—12:00
12:00—16:00
16:00—18:00
18:00—20:00

~N o> o e w1

20:00—24:00
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HE 14 41E 15 S AL, {HL RS 32 M0 B S 45 A Bt ) R A 22 KR TR B A
25 8w AR IE A0 BE T (1 — A~ O ek )

B 12 45 T 2 ST B9 AT BIE SE R R DAL A O g L A A
HMM B A5 A, H v Bk 245 77 54 4R Sy AL BIE 119 428 352 1 (]
B 7 i HMM A58 F ] Viterbi 25395 8 7T LAk 9 47 46 R
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OBSERVABLE STATES
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Fig. 12 HMM prediction model with flight delay reasons as output
observation sequence diagram
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Table 5 Observable state variables:discretization of the causes
of delay

TRMKA X E EREE B A &R
TQ 1
GS 2
LL 3
JjC 4
LK 5
SM 6

4 HESW

6 T HE ST BT PEAE 35 HMM T 0 A2 780, AR 4 3 ) 85 s
B T g R ORI i 1 77 B 4 L B R TR B e I
O S0 A £ A0 4 HEMIME T30 3000 A58 280, A8 25 1] 5 50 90 fe Y ok B
FERBAZS AT 2019 4F 1—2019 4F 6 A 43 (0 it Bt i 535 17
Hods

B S ATE I 2] R R 1R B % B SQL Server 2008 5§
PR AT A B L O 35 HE S A BT X R Y — RBIALIE. 40
Fe 6 IR I BIHL S 6779, F HAR Kk S sER T X B T
HMHE, ARBILIT 7 A Ay ELPI RIS 6779 FrhaTie
Xk Sy R AT BE R 1) 22 A PR O A5 B 3 R S s e ], O
5G4 BHUL AL BT IR T 80 RS A0 7 B 50 4 ) 0 )
RSP AR,

F 6 M AFE 2019 4EHLS 6779 B4TF BAL A GRS BO
Table 6 Operating information tail number 6779 in 2019
A IE 5 HLA L& #2 kb R LR 3| 3k 3f E 4R B ] FE iR JE B
AB8555 A320 B6779 A 7:15 7:20 W % - NULL
AB8643 A320 B6779 A 12350 13:11 g 0:16 EEE
AB8895 A320 B6779 A 17:15 17:57 E 3 0:38 FFE )
AB8733 A320 B6779 A 2030 21:13 M 0:38 FFE )
AB8643 A320 B6779 o1 7:10 7:22 g 0:07 EF T
AB8895 A320 B6779 AR 11:45 12:44 El: 4 0:59 A= A
AB8896 A320 B6779 A 16:05 16:41 g 0:31 W3
AB8733 A320 B6779 A 2035 21:11 M 0:31 ik
AB8751 A320 B6779 A 21:00 23:57 R 2:52 XA
AB8985 A320 B6779 A 8:00 13:49 e 5:44 R A
AB8733 A320 B6779 AR A 12:50 15:48 S 2:53 XA
AB8871 A320 B6779 AR A 7:15 8:43 KR 1:23 KA
AB8919 A320 B6779 K 20:30 22:15 A 1:40 R A
AB8667 A320 B6779 A 21:50 21:48 B — NULL
AB8723 A320 B6779 A 7:35 8:13 P o v 0:33 %E
T TR s ) B BOIR S TP & F 8 I Feom MRS AT R AR MR E L LU
Table 7 Discrete sequence of planned departure time AP T 0.6 MBI, B Y HTC A LE 3% B 8] <<30min,
T S F51 0 4EE 15 16 i 477 4R in 1R % it BE I
ﬁﬁ;”% 07:15 12:50 17:15 20:30 07:10 11:45 16:05 20:35 AR T AE B 17 43 28 < 30min 9 BEA Ny 0.6, AR 45 i B I+
— Z03% 1—6 H Oy 0I5 s2 B4l 90 06 7 S A B I 2k B 3 42 11 19
ki g “ N oY S, o [, &y
T S0 B U [ A T R S R AR AR A A b IR 9
- B3
MOHE B 58 A0 AT BIE 25 4 S 3% BN B 10 B3040 43 M7 . T DA AR
. N TS . , . 9 Kl s e T e R M R B A AT
S AE I A 10 B 5 B 0 G a e 8 A1 A0 TR TN L AR P53 1o
Table 9 Output probability matrix distribution of planned departure
28 TR AE 15 B I 5 A A SR B oy A time
Table 8 Probability matrix distribution of flight delay
, 0:00— 8:00— 10:00— 12:00— 16:00— 18:00— 20:00—
a <30min 30~60min 1~2h  2~4h >4h ! 8:00  10:00 12:00 16:00 18:00  20:00  24:00
<230 min 0.6 0.1 0.1 0.1 0.1 <30min  0.103  0.144 0.144 0.261 0.114 0.109 0.125
30~ 60 min 0.1 0.5 0.2 0.1 0.1 30~60min 0.029 0.131 0.112 0.292 0.147 0.132 0.156
1~2h 0.1 0.1 0.4 0.2 0.2 1~2h 0.054 0.083 0.071 0.245 0.166 0.140  0.240
2~4h 0.1 0.1 0.1 0.4 0.3 2~4h 0.110  0.028 0.123 0.250 0.132 0.141 0.217
>4h 0.1 0.2 0.2 0.2 0.3 >41h 0.140  0.000 0.031 0.264 0.180 0.153  0.231
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WK AS R E R 1, WAREFH V={1,4,5.7.1,3,5,
73 CRIZR 7 T F0 TR0 g vk e ] S HOIR AT 5 2O 19 MATLAB
BATA R WA 13 Bk,

>> HMM_Decoding_demo

The most probable invisible sequence is 2 2 3 3 1 1 3 1

Jx >

[~

The most probable invisible sequenceis2 2 3311 3 1

Msgbox

B 13 MUPEEER T Viterbi 35 MATHLAB iz 1745 31
Fig. 13 Flight delay prediction Viterbi algorithm MATHLAB

operation result
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JoF A5k H T A4 L BE E R R B9 B HOT A O (22331131},
43 5 22 7R T AE 5% B JE] A9 VK A {30 ~ 60 min, 30 ~ 60 min, 1~
2h,1~2h,<30min,<<30min,1~2h,<30min},

AL Tk S IOL S 6779, 85 Wl kg LI,
MATLAB SZ3LH 7 F 0 09 B A i BE 2E 152 45 4L an 1 14 fir
N6 HAE B R IR RNk 10 fiTA

Command Window ®
>> HMM_Decoding_demo
The most probable invisible sequence is1 1 1 1 3 3 2 1 3 3 1 1 1 1 1 1

Fx>»
1 Magbox = e
The most probable invisible sequenceis1 11133213311
TR 38031012273
B 14 7 A Oy SER TN Viterbi 22819 MATLAB 547 45 5

Fig. 14 Delay forecast Viterbi algorithm MATLAB running results

in July
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Table 10  Statistics comparing the forecast of departure delay with actual situation in July

. . it & it & # T 45 . 52
FE MRS REE  ME ROk %\}gﬂim 533 M%ﬁﬁﬁt H&Jﬂ";ﬁ TR %;ﬂﬂ
1 2019/7/2 8555 6779 A 7:00 7 % 1 1 <30 min 7
2 2019/7/2 8801 6779 A 16:00 % 5 1 <230 min 137
3 2019/7/4 8555 6779 A 7:00 7% 1 1 <30 min 0
4 2019/7/4 8643 6779 A 16:05 g 5 1 <30 min 27
5 2019/7/4 8895 6779 A 20:35 Bl 7 3 1~2h 10
6 2019/7/5 8801 6779 A 16:00 T % 5 3 1~2h 5
7 2019/7/7 8733 6779 A 12:50 il 4 2 30~60 min 27
8 2019/7/7 8871 6779 A 7:15 KIJE 1 1 <230 min 8
9 2019/7/7 8895 6779 A 20335 o3 7 3 1~2h 5
10 2019/7/8 8627 6779 A 15:40 T4 5 3 1~2h 9
11 2019/7/8 8896 6779 A 11:45 T B 3 1 <230 min 41
12 2019/7/9 8101 6779 A 7:00 B 1 1 <230 min 29
13 2019/7/13 8755 6779 A 17:15 = 5 1 < 30 min 14
14 2019/7/13 8997 6779 R A 7:25 * 1 1 <230 min 21
15 2019/7/18 8631 6779 A 15:10 2] 4 1 <230 min 23
16 2019/7/18 8923 6779 A 8:55 R 2 1 < 30 min 8
17 2019/7/21 8813 6779 R A 15:15 &M 4 1 <230 min 30
18 2019/7/22 8631 6779 A 15:10 2] 4 1 <30 min 146
19 2019/7/22 8923 6779 A 8:55 R 2 1 < 30 min 23
20 2019/7/24 8617 6779 AR A 15:00 &% 4 1 <30 min 28
21 2019/7/24 8667 6779 A 21:50 B B 7 1 <30 min 21
22 2019/7/28 8867 6779 A 19:20 T 6 3 1~2h 1
23 2019/7/28 8868 6779 AR A 23:55 ] 7 3 1~2h 5
24 2019/7/29 8855 6779 A 10:05 k-9l 3 1 <230 min 26
25 2019/7/29 8856 6779 A 15:05 B W 4 1 < 30 min 23
26 2019/7/29 8867 6779 R A 19:20 T 6 2 30~60 min 35
27 2019/7/29 8868 6779 A 23155 B W 7 3 1~2h 95

WX 7 A — A A LS 6779 I HR Tl S
FIAY 5 A AU B SEE 5 T 55 B0 0 AT 8 T 43 A o HG e S 25 TR0 o 4
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BEERIE R SCEPAT IR A U BE R SE R I 43 BT S0
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DL 37 9 2% PR N7 T S BT BE R 9 BNOBE RS, R Neti-
ca FAFIEATRCIE AL R 2B A H R Z AR SRTRME . 45 i TR
[ 2% 1 T AL BIE S R 14 408 2 20 A 0 5 S S T 52 B AU BE 4 Y
5 T R AT S AU B 58 5 I 4 A 5 280 R T A 0 ) B Vieerbi 55
V5 SE BT X8 E U P AE DR ) A TR L B2 T AT Sl e v
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