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Abstract: The long landing distance from 15 m (50 ft) to touchdown is an over-limit event frequently occurring
during the landing phase, and also can significantly increase the risk of landing accidents. The study on the impacts
of geographical environmental factors of the over-limit event can provide references for airport site selection and
flight quality evaluation. Based on the flight quick access record (QAR) data, topographic data and climate data of
the airports, global and local correlation analysis are adopted to identify the main factors influencing the over-limit
event. The regression model between the over—limit event frequency and elevation, fluctuation, air temperature is
established, based on the geographical weighted regression model. According to the regression coefficients, the im-
pact modes of these factors are divided into five categories using K-means method, so as to explore the spatial pat-
tern and mechanism of geographical environmental factors on the over-limit event. The results show that the eleva-
tion, fluctuation, air pressure and air temperature have a significant impact on the frequency of the "long landing dis-
tance" over-limit event. There is an obvious spatial differentiation of the impact of geographical environment fac-
tors. The spatial distribution of airports under the same impact mode shows clustering.

Key words: flight operational quality assurance; long landing distance event; quick access record; geographical en-
vironmental factors; geographically weighted regression

WiRBH: 2023-04-15; fEEIEH: 2023-07-31

BEEWE: HEARPFREEU1433102)

BEMESE: NHEQ970—), B, M4, ®IZFz2. E-mail: yuefengliu@pku. edu. cn

SIAR: MR, PVEDE, X FEERE R e RO QAT e i B e B S S (D). s RRPERE , 2024, 15(3): 81-89.
RAN Jinyu, SUN Huabo, LIU Yuefeng. Analysis of impacts of geographical environmental factors on "long landing distance"

over-limit event of civil aviation[J]. Advances in Aeronautical Science and Engineering, 2024, 15(3): 81-89. (in Chinese)



82 fiias TR

L 515 %

0 51 &

TKAT AT $5 (Flight Operational Quality As-
surance, fi# #F FOQA ) J& H #j E br L)z W 89 it
2 i AR R H, H DLRE AT LA B R
J, o TRAT A AR A B AR I O SR DA
e 48 (QAR) & FOQA HEAT 509 Wi 48 A7 6k (1)
WA 0 T A RATHY B RHL L & B A% B 2% 1Y)
W 800 o 7 QAR Y AT WS DU 2 B (A 6 B Bk
kTS Y W bR v R T —
PR F 8RR R I T s 4o B
B S AT T A

2 3 b T SOU L 22 A8 ROl B AR AR R
RATERAER P R4S W R, 5 kGBS |
BLRAT 3 B o i ol & B B B R A
ZIXF 2011—2020 4F i =5 F i ge it , & Rl B B 3
i F OO RS B 3 ORCE 19 26 %60, LR
Bl B B P2 RATE IR Y 1061 R A A A i
BrBE 915 m (50 ft) 2 4 Hb i B O 7 KR 3 1 2 45
KALNE M 15 m BB BL THEW L
BV ST AN S AR ML 1 BR824 b B
B R R AT B TR R R AT e
T 4 K OF-

% 18 B 25 B B B BR T 0 0 v e XURS:  BF 5
XML Bl B B FR = 5 e PR 2R R DG I S
BOAEAT T 43 0T, I 52 Hh AH S %) 5 i JRURS: T A1 45548
BEAT W 50 4 Bili B B AT SO A S A
HEMABEH R, ARG SRR L
4N GUHRAETAE SRR R AR P A A
R EE S PR ISR SCARAE BAZ IR 1
D7 ¥ AT B B BER B R A o U2, G
TR AT BB AE D RN 48 ¥ ) B 2
VEIT 25 B B B S A EORS  R R R KR
SRV TRAT Bl 2 B ST T e IR ALY CHL A
T T B R R BV R R AR RN KL
HB 23 5 e 25 Bl o MR B i RORD AS0TR XT3 BE TE H
5 LA IE 1) 52 R, L B 25 T B R 2 B W R
RS A2 AU T R T 2 TN W 2 ML s )RR
2]k W)z s B T QAR B 1 FRAE
e IO 8 R = AU A Ak 43 A et Kong Y X
SRV TR R VR B dE ST UL A9 2R R 2
o 4% Sk 0 ML 7 OB b 1) T R D) AR R
BILAE 25 Bl 1) XU 5 25 5 4500 FH QAR 04 R F K

0 SCHK B 43 A 7 A 4R IBCH TRL G Bl S 1 R AR
280, I gy 7 B TR E I W 4% 1 LR
o Il TR0 A Y

S FRMR S EAE ] TSR AT 3 O
8% QAR B4, (HHF 5% A % 42 3 B2 RHLAY 4% e
AE 2 B4 b, X 2% HL 37 BT Ak b 3 BR 58 4 ol 7 2 UL
LR CHLE B sz . BeAh, A ES
X165 m (50 ft) 28 42 i 1 B 0 ik — sl BR 35 1 ) A
FERD o FSE b PR R Y e A R TR
TEFT AL A I — 2 AL B
P I 7 S H B GEE 10 %6 A9 O T A Pl £
ZIRF| T 30% LA b o WFFEHLI b B ER B P X%
e BIR 0 52  , BE A% O AL 37 8 ik A0 TRAT A B D
i it 2 4R35

AR SCR S 25 24 7] A320 B AL QAR BdE
IR ORI TR 8 & T g
B PR - 55 4 b B B 0 7 S A 0 A OG5 7R
I At b R AR RS AR R RSO R i R AL R
A # /I — 3 9] 15 (Ordinary Least Square, fij F&
OLS) A1 Hb 2 fii 4 [1 15 (Geographically Weighted
Regression, faj Fk GWR) 57 1] 5 #55 5Y | fiff 57 Mo B
5 DR - XoF 4 b B 5 320 7 = P R o 1) S T O3
FR 4 GWR A A (7] 05 22 50, K b B0 BR 458 A 7 X 2
iR G S R s R K A o S

1 HESEARFTE
1.1 HERIRE R fib 8

A SR FH Y AT B ok IR T 1R B s A ]
2014 4F A320 A R HLAY QAR B ds , & 1 b
L. 8X 10’ 4 Wi Be B dis o B AR IC N AR
TCAL AR ALY R ) AT R R T R A
B AF = 0 A B e ) 45 o DA B et o Hh 3k R
37T AHLY PR E B A L3 0 1 I i B RO R T
1000 (1 069~19 440, B 7% fiit BLid % &1 167 890
Z5) L IX Be ML I < M IR G S R A R O
2.8%~37.0% o MR K A WA WL 4
PUAS S5 G , N3 1R 7R , ol LAE H o 4 iR B 0~ =R
PR R B AR 0] 7Y 3% 800 K 8 e 78 R R
AR b X AL 37 B 42 HbRE B O S R R O 4
I, T AE B a8 VO] 2 e A5 74 R b X AL 37 1 42
P 7 S A1 T 25 ) AR A R



55 311 PR AT A5 ¢ Ml B PR DR Ok RO RAT 2 b B e PR A R e 3 T 83
Bl WL P Hl B B R ARG WL AR 5 8, 5 S WL A S A
Table 1 Airport "long landing distance" event frequency [ 2 008 e, s 4 K I 2 2091
DR % ¥ . - Wf v = . N
R i GWR A i 1] I 2 K8 a0 AL /b — 3 i
BB K BB B LIS L ALY vk R T I S K o
b il aichrgieicauumlinien AT TS o 5 i A SR AE A5 13 2 800 2 (1 H A5 o
I M LY % QLB /N
010 VERIBLY B 2% M LY 5 L : , ’
VB B WL R B AL Q=D wa| yi— Puo— 2 ByTy (2)
2029 AL PR AL b o -

37 5 & AFHIS

CAHLERAEERE N RAT K 2 Z KL W F I
W, AL 4G = %5 KRB UL E R VAR B REE
[ D | R R B N sl 2 ) eV SR v
MR C ML AT 32 Hh B ER BT B (0 PR &R ik R e
I H R b 1T 52 00 D BB b s R R R E LR
T VRO B K R KU H 22 BB 8 DL A
A3 AT T AT 2 M I A A R

o R BCHE O [ 95 ] b T B 4 R I s B R 1Y
ASTER GDEM #{ 4l , H 25 [8] 43 ¥ O 1 rad/s.
SR A T EAR R A PR b S
BEHEBEE V3. 0,5 2 E 839 MERLAL
WL 3k XF 2014 4R B H A H B 22 RUE REK =
AR S A S50 W D B s o 56T v R s R
FH ArcGIS 10. 4 3k B AL 3 IX B b & K B .
o LA A (B — PP SR O 4R M TC MR A (B Tk L A
S 3 T L A A (EDRR ARG u A H(E BHE A
4 [ R A Bl b X8, FERFER B S AL AR H
EEE R e — 2 RS R 2 5 A
PE,

1.2 324 [E 3

1 G 2 A [l YA A8E 28 A /s —3fe ] U9 (O LS ) A
LA 2 A4 101 09 2 O 1 B A F 50 X R - 4 4
fE g 18 M) OC R /Y R AR IE . I GWR S —
Fofe S5 90 (] U1 TR AR 38 [T 0T R R4 il A S ) o
(A8 A T AR AL . GW R BEEDRE I i B 07 8 4k A
EINENER 2 G B - R NS Y G e (2
Ay Zp N AR 2,2, 3, R IR HLL N
TR 28 I 2 PR Y, DU 1> SR A 0 A 3t B A AS [T 1
TiEA

P
y{:,B,vo—Q—Zﬂ,jx,-j-f— g (1)

Sy S A WL SR T s, R A AR

A R 5 X8R P B SRR A B 5 o Ry BT A5
NG Atb U A5, e 22 ) P AL, B V9 T B 5 o ) 386
RT3, R EACE , H 4 (A R 502 6 T 7R
B R, S TS [ 57 B AR AR AR R A IR

AR SCRe FH B 1R 19T A% 2 ) AN R BRI i H DL 1Y 28
)AL PR B2 — o 1 30T A s TR AL R 80 3 s BT o 4
Sk 2R 43 [A] AL 5 0 A5 T S 0 8 3 U G &R
B B P T S 8057 M SR TG 95 K Y TR) A
LT GWR B AL (1 B o A0 e i 1, HL 3Gk
X H

wy=e W (3)

o A e, T R R AR 5 2 ) e RO
FIYAE IS

1.3 KHEE*%

K ¥J{H (K-means) 5 28 5k & — Fp a4k R R
P A A B 00 AR AL e k AOR i R
Rl 5 B2, ELAT I B A S R R I R A
BERBRBEH N Fa R REREAR 2,20, -,
x,, K-means B3 1 Bk £ — DRI R R 43 (C1L G,
o, C) GBI R RO pe

#':HZI (4)

THE A FEAR ) 46 R B BE B, i
FacE i —BAE N H R 5 AR5 EHE R AR
R AR B R R S
O, LRt 1 2R /N T 45 78 1 A .

% F Calinski-Harabasz 48 #5 3 #ff 72 5 i B 26
BOZIE R SN B B R R RN T LK
1] 2 2 1 PR /s 28 ) g Y B A = =0 (5)
FIR o
Col K) = tr( Bx) N—K

r(Wy) K—1
o NAFEARE K W REE; ir(By) N KRB 7
ZEHE BRI 5 0r( W) SR 26 N B J7 2 6 B ) 328

(5)




84

(=]

fii 7 LA

=5

BEJE

o154

Calinski-Harabasz #§ br K/N 528 9 K% B 2K
[A] 43 B L OE B, Cy (K {8 8 R 38 I 5% 25 2k 31
ﬁﬁ%o

2 BEFHEXESH

AL RATPERE Z U UEFRARES
BB | 33k 2 RO A 2 R RE B N [E] A
KAWL ML, CHLH 258l I MR AT HERE
W BEZ U o I 2014 4F 25 HL 3 4 b R i s
A H 00 A R A A0 b BB 5 R L N 4 R R
T A 11 J3E Xt S AR AR 5 R b BB I3 D B A G
PEREAT 20 M o T 8 A A BE B AL it D e o)
Frer BIER 1 8 H hy i Kl .

2.1 &BHEXESHR
Ea R B A R0 8E 5%, B

i 52 B REAS S 1A A T LI 2 S A
JI B A F0AH IO I B ) by P PR 05 TR 7 s . & A My
B S 000 R JHLER J5E DAT - ) ) A O R B &
2PN, AT LR e 2 JRy 25 (], 4 R
ARG A R R B CR H B A RUR AR —
E A OCHE o TEAHSCHE R/ B RS R S
e R A AR S P B, U O Al L H B ZE A
AR IE o I H 2 PRI 5 T R AR R A H g
BB AR, 5 A U R BN T G

AR AT B g2 B 7R i B i s O R R
2 HCCHLBRESE K, A8 WAL Bl B I,
WAV R I B A ML R R
AT A5 P B 8 2 B o R R W S U Y R
JIN L DA 52 W BIL 3 © 45 b B 5 0 S R AR . A A
Jay 3 LA, SO Rl B s R A T e TR DA
e R 5 M A R R T AR O TR
I U 5l B 2 ™ S P AR R B A G

F2 PRI AR T E] A 4 SR A S

Table 2 Global correlation between over—limit event frequency and geographical environmental factors

LB
At

5 7 AR A H 522 JR 3 K Bk K
1 0.562™ 0.380™" —0.234 0.199 —0.224 —0.552 —0.193
2 0.558™ 0. 424 —0.393" 0.398" —0.178 —0.527" —0.319"
3 0.668™ 0.380™" —0.455™ 0.448" —0.106 —0.604™ —0.298
4 0.646™ 0.456™ —0.447" 0.393" 0.103 —0.615 —0.339"
5 0.6417" 0.301 —0.497" 0. 445 0.110 —0.632" —0.364"
6 0.616™ 0.289 —0.587" 0.526 0.182 —0.602" —0.288
7 0.537" 0.299 —0.547" 0.466™" —0.022 —0.493 —0.268
9 0.534™ 0.252 —0.439™ 0.420° —0.255 —0.497 —0.221
10 0.575™" 0.360" —0.333" 0.187 —0.324 —0.535" —0.044
11 0.558™ 0.333 —0.428" 0.293 —0.112 —0.530 —0.340"
12 0.422° 0.273 —0. 266 0.122 —0.246 —0.370 —0.108

T LT S B R TE 0.01 F10.05 K | 5B 2% .

2.2 BFEPHEXMEST

Jay A S 3 B 4% AL 37 30 o BdlE A A R
T8 B0 RE S S 0 L AL 3 4% T R R =R
AR ARG R o X T R PL RO A R
AR AR E P A 3 B DN 7 O o DY O 2L BT
SRR R P A DU AT ] A A G &
B, AR AR 1 [] A Jey AR O PR A SR ok 3
JIT 7R o

23 RN R[] 4 SR SRR O
Table 3 Local correlation between over—limit event

frequency and geographical environmental factors

) LIPEX
Giit i
ik H #5222 K IE BRIk
25% 4y i 0.224  —0.003 —0.059 —0.645 0.003
b % 0.412 0.255 0.230 —0.430 0.215
75% AL 0.626 0.406 0.439  —0.053 0.440
SEH 0.343 0.190 0.155 —0.299 0.214




% 3 4

PR 07 25 < 3t BRI D 3 00 R AT 1 M B A PR S R R 2 BT 85

M 3 AT AF H AR 2 R 2 Bl i R AN S
J PR 2 e M B R R A R B R R JF
H A A5 2 B0 1 1] 5, SR R B B
S o X2 RO TR R il M X, R — 2, 25 U
JEE B R /N 32 AR AR Y R R, R T e R
HAUR B R Y 2 5 o SO RN 26 RLE
Wil B 094, DRI B ) T A B R A

LA A i 6 BB v Koi 22 B9 i 16 0L
X E e P R A AR A A R ) i A
AR H . 25 I8 B A AL A A AL T AN (R O

TH B 2 4052 W, X 78 o AT A E 22 A E A Ak B,

TE

N

—_
—

X—X
S (6)
AP XA b v 2 A AL S S s XK R R X
AR H(E 3 S A AR 2 o
P v 22 B E AL S B9 B L I 0, 5 220 1,
HS5 8N PR S 192 A 2210
FANE TR, v LA M 2 4 B o 1 R
AR A2 B A — B .

X'=

e
0_
—2
0 5 10
Hr
(a) dbE LY (b) BH#HLI (c) 7ML (d) MR BN
2F 2+
00 g S
’ .
0r \
/. » or
o \
v L
_2_
1 L _2 1 1
0 5 10 0 5 10
Hir Hr
(e) &EHLY (D Wbl (g) BRI (h) & &1l

=
0 -
—2
0 5
A
() RHFIT AL (k) KLY () P
2F 2F
= =
0r (U
_2 1 1 _2
0 5 10 0 5 10 0 5 10 0 5 10
Hr Hir Aty R

(m) KbHL (n) MAHEHL

(o) WINHLIA (p) KWL

P SRR S R A T T

Fig.1 Monthly variation of over-limit event {requency and temperature



36 fiias TR

L 515 %

AN A R BT A Rl KR W X
R B R T F M e s ) L AR
PRI LW FEARFENLT 0w AFEZES .
w78 V8 2 ML M35 B ML, SR N X B
P 32 S T I R T K T R DG R B4 X Y
KF0.75; T MBI A IEHLI R &R HL g, R
I Hb PR B O S AR 5 SR A A DG PR AR B
HESSEM X REL X EH AL 0.6,

3 ZaEPSH
3.1 BBRTEIEE

7 0] U A58 2 T, 5 of s B PR 35 R - (] B4 A
KA HEAT 70 M, AH 5 R B 58 B4 D] 5 AN BE [R] I 3
fifp R A A, 7 DN ASE RS 2 1 PR 2 i L AR 0 ) [
TG R BT R A RN R 4 PR .

4 AR RS

Table 4 Correlation between independent variables

LT

b R I R R DY R B LR IR AR
SN RIL W AT R M. 2 R TR A R AE
FIAR PR G T AT B o 5 AH 5GP , i B — 2 I UR
28 A JAT g E Ry £ 200 2y, Bt mT DL v A
AR

e A AR R RE IR = AN AR A i R
A g, 3 o) R FH 8 8 A /)N 3 [l I 0l B AR [T
UET X8 < e M B 3 S 0 R AT ] R A 7
VTS X fige T 78 kR A s v 22 s o AL AR B

3.2 EFTRNZFROARBNSTER

OLS BRI G 45 R a3k 5 Fr o, I8 I 19 s itk
5 EE I C e FH DA 2 B RSB B PR, Coare 1B /1N
ot B RSE XF B5CHE 400 AR R AT . OLS A5 28 )8
B R* HUA 0.399, % M1 OLS A& B ] figt B AL 422
i B B AR AR 22 4090 2 A

5 OLSHHAIA L
Table 5 Results of OLS model

mR RMRE S AR HEE O KE AR

EARE 0,46

ik —0.56" —0.06

H#2%  0.69"  0.14 —0.88"

R —0.01 —0.27° —0.37°  0.34

SIE —0.98" —0.40°  0.547 —0.69" —0.05

(2]

fEk i —0.54" 0.03 0.857 —0.86™ —0.46" 0.

wl

S8 Bl EX4 Bl
R? 0.450 W AR bR 0.000"
% B R® 0.399 Care 1536.196

TR 5T 3 R 7E 0.01 F10.05 K B i 2%

R4 TT LU AR H B 22 FRE K i 22 (0]
A BRI O s R S R AR R B T AR A
AR AE , 3 PRy 1 i A RO 32 IR T % M Y
o i, O I e R A 9 o A 5 AR A R —
E A OGN, B R Y 3 A, R ] TR
Ji AR AL SZ 2 TR B2 [R] I i 52 45 B\ =0
I R O B S 4 2 B T R R TR I R
it 5 e e ) B0 A OGP B2 5 TR S AR ) B0 A
ESE

b BB 55 PR 5 b B R 7 AR Y AR
P TE ISR SR RN RS I REAR (A U 2
My 25 B 375 12 M R O ™ S R AR o (H e R AR AR
JE FURE S WAL 04 s A 0, A BE ELIE UL WL
MG 26 o TERLI Ja B X, AL L UR A5
Bt & 3 ES AT R ANV N

T " RIRTE 0.01 K B %

OLS BLAY [n] 5 R Ean 3 6 s , b 75 22 ik
Bl Vi T K A [l )5 85 8 v |1 72 6 (8] 02 75 £7 78
ZEIMLLME, NEROEATLLENL : =P F Ve H
/NT 10, 8 W AR I TR S A7 AE 3 R 2R PE A OG0 A
WlH RBORE 45 M B B " S R F 2
T2 B 52 e, O HL e R RS AR BE DXL - X6 S 4 A
I8 S TE ) 5 A AU R R B B s e, S
PET 1 e A0 R = AT 3 e B A — B f B R
£, H s R AT BE R SRS e R R Y A et
.

F6  OLSHLA [T F 4L

Table 6 Regression coefficients of OLS model

ke PUHRE ARz t Vi

B HUT 10. 487" 0.967 10. 839 —
[y 3.377" 1.503 2. 247 2.346
AR 1.563 1.190 1.313 1.472
K —1.068 1.302 —0.820 1.763

TE < R RN AE 0.01F10.05 /K 1 3%



% 3 4

B o A R PR PR 0 R TRAT " M v T R R R e 0 A 87

3.3 ETHEMNEmARENSTER

T /N 3 [ A A AR 4 JRy 2 B B VR AR TR,
AR RERE 1A R . b T AN [R] L 37 IR 752 1)
(9 25 0] 22 5, A GW R AR 1530 = A fiff B¢ A8 it A
25 B3 4 JR 350 10 01 2R 80, GW R A5 RS 481 A 45 i n 3k
TR, AT LLEH 5 OLS AU e, GWR #E AL [y
CucfHE THEENL 372, 3, A R*HE T3 0. 84, Ui 1
GWR B AL 1 fif BEfE 18 T OLS A

#7 GWREHEIY A LR
Table 7 Results of GWR model

ZH HE ZH HE
R? 0.876 0 AR bR 0.000"
W B R 0. 840 Chre 1372.271

T RIRTE 0.05 K F B %

R GWR B s F R AR AR = A A
e ITNEES &N N CE AR P SR R = S

G 101 U5 Z2 BCBUE v LR R AL an 2 8 Fir s , AT LA
Eil:

1) v AR T[] 05 22 K00 22 Ak F AE — 13~30 2
], 25 M S W . SR TAERICHIX,
X} b PR R G = % B O A B 1) R ) 5 FE
S RS E o L P N 1 = Y VS e L R 25 Y
G =R O [ 52 R A K AR VL I8 TR 1
TR AR VT = A U L IX e R R 14 L ] 52 1) A 04

2) R AR BE I [n] U9 FR B A8 Ak L AE — 6. 0~
7.3 08 AR BE P AE AR AL T R AR AR U T M
DX 3R I A 5 ik 1Y) A7 1) 5 WD 5 A v A X R Ry A
55 149 1 1) 5% W) 5 T A6 5T 35 L P9 552 iy A Ml G 2 iR
B A R I IE R S

3) AT IR A R R AR A R — 3. 0~5. 5
Z M, SR E T RAEREN S ERFHI RN
1] 5% M, 7E H At b X5 AR 1) P X 2 b R A
A 0 TF [ 5% W) 3% 47 3 54

#8 GWRBAEH R
Table 8 Regression coefficients of GWR model

A I I 2 %

Uik

—13.4~—2.7 W/REHNL LIPS Sl KRN ORIENLY MG LY TR G B ARSI

m —2.6~8.1  HINHLIG A ZIENG ALshlg 092l RN L SR BLY (RWIPL T ML RIS 4
8.2~18.8  K¥Hlym A LKLY
18.9~29.6  FR ALY W MHLY KB HLY . B ALY . AT R PLY LT ALY BN LY
—6.2~—2.8 KEWYG Brwils KEI 82 BUNPLE . LB ALY R ALY JE TP %
- —2.7~0.6  WIRIEN G IEALE NP T8 T AL LY R KLY ALY SR ALY M B L
0.7~3.9 HANBLYG A st bl R)NHLE EEARAL O WAL RIIEL . AL
4.0~7.3 A RN MR bL IR RLY S R SRR
—2.9 L& ARG
i 0.3~2.0 WL e m bl A athilis M AL P62 Bl L AT AL JE T T N AR AL 4
2.1~3.7 M ENY KDL SN 2N 08 T ALY
3.8~5.5 AR (H R AL W HLY

3.4 EAFEZmPzsEaR

e P AU 1 A8 Ak B 5 e 3] R B Y AR
b, AR BE O & 3 28 s 3h p9 JE - AS M AL
[l A AR Y 3R B = A PR A A [] DX 30 A [ 6 52 Wil
B . BT GWRA AIS 2 49 [l 4 & %, A H K-
means 5 28 . 0k ] Hhy PR B 5 PR 0 5 e A X AT
R, XS I, & B A Calinski-
Harabasz B ZEPE 46 br e K (AN B 2 o ), 0 B 3R
FAOCR Tt MR R 752 mal B =R o T2, 3R
RERMNE 3PS

120

110

100

90

Cu(K)

80

K2 Cu(K)ER RIS KAk

Fig. 2 Cy(K)value varied with clustering number K



88 fiias TR

L 515 %

ERND b
]
vy, LM
5 T i 4
W
20 | Lo
15F
&y
F 10 f . e
W& LS ! oiti
= % % o O
°
o5l ® RY g

=)
o
°

ob .
A
W IR
—5t
L(*AA
. AT
M
10} A,
Ki%E )
A i
—15 A
6y
2 0
}Lﬂﬁljg/%ﬁ 2, g —6

Lt
FEM ',;.()
.L.@llv [OH-“”

m %
o S
o =R
IS
* HHAK

fi 7 H

i1 90 X4 F&‘
e I A

0 2

-4 2 .
AREERAR

R ES A e e

Fig.3 Factor action modes classification

B — 25 52 ) A X AR B AR BTN ALY L L T TR
ML SN TRIT =AM X L . X T iX el
Y, v R I 2 2 b R G 5 A 32 R e [N
T YO R ERF . SRR E RO
(B R F 25 2 300 B 38 A% 1 1) 5% ), AR 3R
PR Ay i 7 1 5 M, S R ) A 58 1 O 1) 5

£ 25 A AR B AE AR ML VR L L
S5 v S R PG S b X P ML . AR K B XN R R
T A b S Y RS e P, Lk
KR R EE R BCE A 6.8 %
PR A B 5 ) IE [ 52 M, AR PR X6 2 i e
F R A b S TR Y OF 5 TR AR B 5
M AR 70N o

5 = 28 5% A B R B AE AR B ) AL
AL KM AL P, 7E X S X, R
PROBE IR = A R B4 5 1 0 A 2 R 31

CAES ALY S W R G2 B/ S L N
Y HF SIS ERICMID A X P . 7EiX g
Hiy X e R R R PR 3 B O 1) 5 ), AT
PR~ DU 2% ¢ 559 ) O [ 52 0

55 128 52 ma B SR B AE 5 B R SR ALY R R
TEREHL I R AR BL Y o 76 X S8 X, e AR B R
S22 Hb B R A S ) T R ) DR T R R

FRY T [0 S W), =l A v A ) 52 e DU AR /)N

XA AR I L RZH Y, =
ot E BRI N S AR e R N TR
S i JBE R 5 v A 22 031 7B AR RE D TR LN 5
A5 L 52 e R, AR DR T A v R R Y R b X5
L O 1 R (DA E = Vil <OV 17/ ¢ 5 B g ] N o
A REE I AT HRAE

4 & it

1) 7542 Jay 3 BBl I e R R AR 2 1A s B A
RS Ml B R L BRI 18] R R 5 T A B
T Jei v Ml X, S R BIR S 1 0 R R B i Y
IEAA A .

2) b BRI (] U5 A5 R BE A 280 X 2 b B R
T AR AT 22 T8 [ ) A 46 7 Y P PR O
PR X 4 ot s ™ 0 2 R B AT S ) S
FIAES- R

3) Xk L b BRAAS (8] U A5 D A5 2 f (8] 9 R KL,
TE 28 R Z R0y, o B A e I, O
BRI . 28 R R AR R AR =
F RS R, TRl PR S DR M B e
P B0 52 i A58 500 O T AR 2 A g [R] — S U B2
i B AL 37 7 23 8] A 2R 4R 23 A B ARAE



55 31 U2 3 S5 < Bl BRI DR 0 R AT b L R R S A R e 3 B 89
S % ik lysis of landing performance of plateau airport [J]. Science
(1] PR B ZS R CAFARER] . AT &R Wb (FOQA ) 92 Technology and Engineering, 2020, 20(5): 2093-2098. (in

54 . AC-121/135-FS-2012-45R1[S]. dbnt . h E R
Jii s )R, 2015.

Flight Standards Division Civil Aviation Administration of
China. The implementation and management flight opera-
tional quality assurance (FOQA) : AC-121/135-FS-2012-
45R1[S].
2015. (in Chinese)

WALKER G. Redefining the incidents to learn from: safety

Beijing: Civil Aviation Administration of China,

science insights acquired on the journey from black boxes to
flight data monitoring[ J]. Safety Science, 2017, 99: 14-22.
BN, skm, A, S5 IR RHLE AR AT R A
[T, Mz 24, 2021, 42(4): 265-274.

YANG Zhigang, ZHANG Jiong, LI Bo, et al. Reviews on
intelligent flight technology of civil aircraft[J]. Acta Aero-
nautica et Astronautica Sinica, 2021, 42(4) : 265-274. (in
Chinese)

AIRPLANES B C. Statistical summary of commercial jet
airplane accidents worldwide operations 1959—2020 [R].
Washington: Aviation Safety, 2021.

R/ A} NP ] M < o e PSR VI IR Y A e
1999, 17(4): 66-70.

SUN Hong. The affection to civil aviation landing perfor-
mance analysing [J]. Flight Dynamics, 1999, 17(4) : 66—
70. (in Chinese)
WICKENS C D,
et al. Engineering psychology and human performance [ M ].
New York: Routledge, 2021.

WANG L, REN Y, WU C. Effects of flare operation on
landing safety: a study based on ANOVA of real flight data
[J]. Safety Science, 2018, 102: 14-25.

FE R, Bk, KA, A i R R IXURS: R 4 AR 4
HrlT]. A TR, 2024, 15(1): 61-68.

QI Xinge, BI Sheng, ZHANG Nan, et al. Risk analysis of

HELTON W S, HOLLANDS J G,

runway excursion event[J]. Advances in Aeronautical Sci-
ence and Engineering, 2024, 15(1): 61-68. (in Chinese)
ELLr, TRR, BWE. WLRAT M. dbal. i
R AL, 2016 66-73.

KUANG Jianghong, WANG Bingliang, LYU Hongyan.
Aircraft flight dynamics [M]. Beijing: Tsinghua University
Press, 2016: 66-73. (in Chinese)

BRAC I, 22 R0, WKL, &5 . BT IRITZE A5 B SR Z 48
14 38 30 25 ol B0 IR A0 AT [T). v 2 Ak PR 2R R
2022, 18(3): 5-10.

CHEN Nongtian, LI Junhui, MAN Yongzheng, et al. Risk
factors analysis of approach and landing based on civil avia-
tion safety information text mining [J]. Journal of Safety
Science and Technology, 2022, 18(3): 5-10. (in Chinese)
W, BRAaRs ., K. m REAL & R Re TS 5 LT ).
REeEHOR 5 TR, 2020, 20(5) : 2093-2098.

PAN Jun, CHEN Baisong, HUA Xin. Calculation and ana-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Chinese)

BRI, R T, TR, A W R ALY L R

HWHSANT] BRE TR AR, 2014,
15(3): 5-9.

CAI Liangcai, ZHANG Yinzi, WANG Haifu, et al. Calcu-
lation and analysis of plane's landing slipping length with full
thrust in plateau airfield [J]. Journal of Air Force Enginee-
ring University (Natural Science Edition), 2014, 15(3): 5~
9. (in Chinese)

SRMG, A7 i, XA, 45 . 25T CNN-LSTM 9 QAR %48
AR B IS WU [T ). TS HLS BT 5T, 2019, 36 (10)
2958-2961.

ZHANG Peng, YANG Tao, LIU Yanan, et al. Feature ex-
traction and prediction of QAR data based on CNN-LSTM
[J]. Application Research of Computers, 2019, 36 (10) :
2958-2961. (in Chinese)

QIN K, WANG Q, LU B, et al. Flight anomaly detection
via a deep hybrid model[ J]. Aerospace, 2022, 9(6): 329.
BARRY D J. Estimating runway veer—off risk using a Baye-
sian network with flight data [J].
Part C: Emerging Technologies, 2021, 128: 103180.
KONG Y X, ZHANG X G, MAHADEVAN S. Bayesian

deep learning for aircraft hard landing safety assessment[J].

Transportation Research

IEEE Transactions on Intelligent Transportation Systems,
2022, 23(10): 17062-17076.

SR SRR SR IR T SE I I 2 By BT R B
BB T[], s TR AR, 2022, 22(2) : 298
309.

CAI Jing, CAI Kunye, HUANG Shijie.

method for heavy landing of civil aircraft based on real-time

Early warning

monitoring parameters[J]. Journal of Traffic and Transpor-
tation Engineering, 2022, 22(2): 298-309. (in Chinese)
X, skEL, BRBE, S5 RO ALK S AU 5 b 2B 0 A
TARCHERTFE [T, st 22 CA SRR 0, 2019, 55
(4): 683-691.

LIU Yuefeng, ZHANG Kai, CHEN Yue, et al. Correla-
tion study of low—altitude turbulence in civil aircraft with geo-
graphical environmental factor[ J]. Acta Scientiarum Natura-
lium Universitatis Pekinensis, 2019, 55(4) : 683-691. (in
Chinese)

HAINING R. Spatial data analysis: theory and practice
[M]. Cambridge: Cambridge University Press, 2003.
BRUNSDON C, FOTHERINGHAM A, CHARLTON
M. Spatial nonstationarity and autoregressive models [J].
Environment and Planning A, 1998, 30(6): 957-973.

JAIN A K, MURTY M N, FLYNN P J. Data clustering:
areview[J]. ACM Computing Surveys, 1999, 31(3): 264-
323.

(445 MFE1H)



