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Abstract: To predict aircraft taxiing estimated time of arrival (ETA) , reduce conflicts, and improve the
efficiency of the airport, this paper uses the Kalman filter algorithm to preprocess historical trajectory data of
an airport. In order to measure the distance between trajectory samples, three kinds of features are
synthesized for clustering of airport historical trajectory data, including the aircraft taxiing period and the
number of surface aircraft. In addition , we refer to the dynamic time warp (DTW) algorithm to extract the
difference features of the trajectory. The Euclidean distance of two sample features is taken as their similarity.
Initial clustering center is determined based on the divided difference maximum principle. The K-means
algorithm is used to cluster samples, and the cluster with the highest matching degree is selected according to
the time period of the aircraft to be planned and the number of aircraft operating on the surface. The trajectory
sequence of the cluster’s center sample and the static path planned by the tower are combined to predict the
aircraft taxiing ETA. By comparing and analyzing the actual trajectory data with the predicted taxiing ETA,
the good performance of predicting the aircraft taxiing ETA in this paper is verified.
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Fig.5 Elbow method-distortion trend
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Table 3 Clustering results

RRPLL A
BE O C T T DSW -

/s Fom
1 0.471 0.018 0.371 0.097 252.423 65
2 0.706  0.072 0.250 0.100 270.447 37
3 0.529 0.804 0.067 0.119 248.540 114
4 0.412 0.157 0.854 0.136 271.800 81

Rt WL 4 A 63 i 7 KBl 28 A7 5630 , 15 %
X7 R P S S E R AT AL B R A B AR
13 T T 25 4 B8 R AE ST AR U6 3R 2 i I AT A
— L Ab 5 R 4R R A I AR AT DG G S A5
B 76 Z BB . DLTPE CCA4373 1Y i3k % 41
u=[T),T",C,\T.]" R , H 45 fFE 5 H C" =
0.7647, T°=0.509, T =0.9999, & 5% 3
FEAS R po0 YRR AR DT B BE 25 DIS,, 45 R an % 4
7w

Hy ¢ 4 i /N DIS fE VE B 2 R 26 4, R Sh
DA R B REA T AERT 8] 2 271.8 s F 2.2 75 (1
T AR CCA43T3 I A7 ETA, £ 5
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Table 4 Feature matching distances

Rk 1 2 3 4

DIS, 0.850 0.870 1.006 0.519
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Table 5 Predicted results of ETA

s ETA/s P S/ (mes ™)
1 0.000 6.392
2 8.393 5.738
3 20.575 5.570
4 47.640 5.654
5 83.230 8.738
18 256.955 5.140
19 258.785 5.140
20 260.835 4.112
21 264.249 4.112
22 268.399 4.112
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Table 6 Calculation of arrival time and speeds
. DIS,,  DIS, @il DIS;S Wil DIS[f Hiill# DIS(Y Wil DISgy Wil SLhrad sinf  S2bRid fiek
e BHMETA/s B /(mes) ETA/s B /(mes ) ETA/s  J&/(mes ') [a]/s B/ (mes ")

1 0.000 6.392 0.000 8.878 0.000 9.850 0.000 5.140
2 8.393 5.738 8.185 8.766 7.986 9.364 11.984 5.654
3 20.575 5.570 20.285 6.168 20.173 9.392 19.586 5.654
4 47.640 5.654 47.050 7.196 46.288 9.392 35.781 6.682
5 83.230 8.738 83.180 7.196 82.165 8.822 69.397 8.224
18 256.955 5.14 254.934 4.626 251.819 5.710 251.933 4.626
19 258.785 5.14 256.282 4.626 253.126 5.140 256.259 4.626
20 260.835 4.112 258.815 5.140 254.455 5.654 260.852 4.112
21 264.249 4.112 262.186 5.140 258.964 5.654 266.377 4.626
22 268.399 4.112 265.276 5.140 263.582 5.654 268.224 4.112
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Fig.7 Predicted velocity profile and actual velocity profile
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Table 7 Comparison 1 of the accuracies of the three pre-

diction results

DIS,, il DISZ il DISS) i
SR o B DISTY B DISSY i i

ZE R 255 4
s 3.983 4.621 5.342
s/m 23.356 27.098 31.325
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Table 8 Comparison 2 of the accuracies of the three pre-

diction results

i TD ﬁ CD ﬁ

S I?ISnﬁﬁf plsa,g i D‘ISH}Q i

2 IR S E~

MKW SRS 22763 27794 29.658
PR o 1.652 2.162 2.837

1 DIS p FE A7 FU A S5 MR F- 35 3 251 3% 29 60.59 4
AP S KR, B0 AR SO AT ETA AY i 5
Y=

LV

4 B

BLIE A7 2 T P2 T K OB B, 3
2 % VF 2 XL A T BOA 3 09 f DL 7
L < S A XA 28 4D 5 )

Fr 80 o I HL3d G 52 Pr 3 Bl S 0 A i AT
ETA #E47 X He o3 A, Gk B 1 AR SCHTI a4 i o 1 .
(e B A E A T B B B2 T 3 S Kd kAT 3
AR BIE 5 REL B, K 3 S 58l Y s B i R 37 T T S A%
B PR TR R .

N T R Dy S U R SRR Y A 4 2 S L AR
SCAE BRAT B0 T AT S B BE Al b, £ M I 22 e
FRAE, I8 e L5 ik B AR AL A0 377 I 2 e RO FR AR 45
A AT AT PO B o 5SS A I B A A 3 T
ol 2= A5 R0 R AR 2 — EAT LI PO A 45 SR AT L
BB AR T 7 SCAE B TN 75 TG H 0 S0 A
MO AR RA T —ENMERET. T—2
W26 % I8 22 A s A7 RO, 24T & 02 4%
AT ETA BN, S B4 35 i b 5 19000 71 2 285 3
P B8 FE i

S &3 H -
(1] BRI . BRI 28 A 2019 4F B AL 47 k% JB S 3 2 i

[N]. o E 28 4, 2020-06-09(007).

MIN Zi. Civil Aviation administration announces 2019
statistical bulletin of civil aviation industry develop-
ment[ N ]. China Aviation News, 2020-06-09(007).
AEWT g sk I BR AL A BE L R AT S [T ] V25 A
%5,2017(2):31-33.

HUA Xin. Study on the flight regularity of Nanjing
Lukou International Airport[J].Jiangsu Airlines, 2017



%6 X422 55 B T RIS M ML s 48 0 AT 3 s I ] 911
(2):31-33. s, o E R S R 4 2, 20190 272-276.
(3] skB,ehbnFE AU ss, % . 3 T ootk iy vl $0 P40 155 28 11 LIU Yan. ADS-B data processing technology research

[4]

[5]

[7]

[9]

[10]

LA B AR S e 2% A PPN B R [T]. 4 4 5 SR B
4 ,2014,14(1) : 84-87.

ZHANG Ming, HAN Songchen, HANG Yong, et al.
Comprehensive evaluation model of safety controller
workload based on improved extension evaluation
model[ J].Journal of Safety and Environment, 2014, 14
(1):84-87.

J2 . AL T A AT 1 Bl Jy R [T ] A A
2001,22(2):163-167.

GU Hongbin. Dynamic model of aircraft ground opera-
tion[ J|.Journal of Aeronautics,2001,22(2):163-167.
JEE A U2 A S AT L T 5 A AT (D] A
M T#,2015,35(8):127-129,166.

LIAO Chaowei.Research on the prediction method of
taxiway trajectory of aircraft runway[J].Ship Electron-
ic Engineering, 2015,35(8) : 127-129, 166.

WU D, ZHAO Y J, CAPOZZI B. Fundamental sur-
face trajectory models for air traffic automation[C]//
Proceedings of the 10th ATAA Aviation Technology,
Integration, (ATIO) Conference.
Fort Worth, USA: ATAA, 2010:1-34.

WANG W, HOU H L. An improved current statisti-

cal model for maneuvering target tracking [C]//Pro-

and Operations

ceedings of the 4th IEEE Conference on Industrial
Elvctronics and Applicatenns. [S. 1.]: IEEE, 2009:
4017-4020.

B, A, SR AL AF LT IMM S AL
Mz 3 HArm R [T]. R4 TR 5 H FH AR, 2011, 33
(10) :2322-2326.

GONG Shuli, WANG Bangfeng, WU Honglan, et
al. Airport scene moving target tracking based on
IMM algorithm[J].Systems Engineering and Electron-
ic Technology,2011,33(10):2322-2326.

K &, XA B 2 B A R S TR0 2
2 HARBLIE ] O H T A, 2003(4) : 24-27.

ZHANG Shangjian, LIU Yongzhi. Real-time predic-
tion of moving target trajectory using sliding window
polynomial fitting method[ J].Optoelectronic Engineer-
ing, 2003(4):24-27.

T HFT, W% 3T LOFC B ] B 43 %0 52 v 11 i 505 5%
FWFFELT]. m a2 AT R R A 4f, 2018, 50(5) -
661-665.

WANG Lili, PENG Bo. Track clustering based on
LOFC time window segmentation algorithm [J].Jour-
nal of Nanjing University of Aeronautics and Astronau-
tics,2018,50(5) :661-665.

X3HE . T 4% 30 H S A O I L (ADS-B) i b 31 4R
WEFE[C1//2019 %5 -LJm v [ 15 #4451 R 28 308k b

[12]

[13]

[15]

[18]

[19]

[20]

[C1//Proceedings of the 7th China Command and
Control Conference 2019. Beijing, China: Chinese
Command and Control Society, 2019:272-276.
HUANG Shih-Feng, LU Hong-Ping. Classification of
temporal data using dynamic time warping and com-
pressed learning[J]. Biomedical Signal Processing and
Control, 2020,57:101781.

J e B B L A B T R R LA A 2 R T
WATETA B [T 44 iS4 A |, 2015,45(1) 2 35
39,44.

ZHOU Long, TANG Xinmin, TANG Miao.4D tra-
jectory prediction of aircraft surface taxiing based on
velocity profile fitting[J]. Aeronautical Computing
Technology, 2015,45(1) :35-39,44.

R, S — W, BT AR A AT I B 43
BrlT] AT, 2020(3) : 11-14.

LI Yingying, MA Yifan, LU Chengyu, et al. Fore-
cast and analysis of aircraft taxi time[J]. Jiangsu Avia-
tion, 2020(3) : 11-14.

TR 73 0 B HE 42 3 Kemeans 3 285035 0 i
[J]. AR F A, 2020,43(3) : 14-17.

ZENG Jun. Analysis of K-means clustering algorithm
for data mining based on partition[ J].Modern Electron-
ic Technology,2020,43(3):14-17.

XIA Dongliang, NING Feifei, HE Weina. Research
on parallel adaptive canopy-k-means clustering algo-
rithm for big data mining based on cloud platform[J].
Journal of Grid Computing, 2020, 18(2):263-273.
B . — P K-means 2 2ot F Bk A58 K H (D]
B I Tl K2, 2018.

HUANG Ji. Research and application of an improved
K-means clustering algorithm[D]. Wuhan: Hubei
University of Technology, 2018.

ZHANG Shaonan, LI Shanshan, HU Jiaqiao, et al.
An iterative algorithm for optimal variable weighting
in K-means clustering[J]. Taylor & Francis, 2019, 48
(3/4/5) :1346-1365.

CHOWDHURY K, CHAUDHURI D, PAL A K,
et al. Seed selection algorithm through K-means on op-
timal number of clusters[J]. Multimedia Tools and
Applications, 2019, 78(13):18617-18651.

AR . B 2 4 oP R T R U 94 B 40 A R
S AT B AL A BT R R LT]. i, 2017
(9):146.

ZHENG Yingxin. Application of cluster analysis based
on elbow rule in data mining to optimize the design of
elementary and middle school students’ travel routes
[J]. Electronic World, 2017(9) : 146.

(%3 .1k 7%)



