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An Airline Flight Safety Resilience Assessment Method Based on QAR Data

HE Peng"?, SUN Ruishan’
(1. School of Traffic and Transportation Engineering, Xinjiang University, Urumqi 830017, China; 2. Xinjiang Key
Laboratory of Green Construction and Smart Traffic Control of Transportation Infrastructure, Xinjiang University, Urumqi

830017, Chinaj 3. Research Institute of Civil Aviation Safety, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to objectively quantify the flight safety resilience of airlines, a quick access recorder
(QAR) data based flight safety resilience assessment method (FSRAM) , named QAR-FSRAM, is
proposed. Firstly, the concept of flight safety resilience is defined through theoretical analysis, and its
characteristic manifestations in flight performance data are described. Subsequently, based on QAR data, the
QAR-FSRAM is constructed using the short time-series expression miner (STEM) technique. Finally, an
empirical evaluation is conducted using the flight data of Airline A during the approach phase as a case study.
The results show that the performance data characteristics reflecting flight safety resilience are characterized
by two dimensions, such as trend and deviation. Four standardized steps are involved in the QAR-FSRAM :
Construction of flight resilience performance characterization variables, quantification of their trend
characteristics, calculation of their deviation characteristics, and analysis of the airline’ s overall flight

performance structure. It is revealed by the findings that relatively low flight safety resilience is exhibited by
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Airline A during the approach phase, with a calculated resilience index of only 0.51. The effectiveness of the

proposed QAR-FSRAM method is validated through a comparison between the resilience assessment results

and flight operation quality assurance (FOQA) exceedance detection.

Key words: airlines; flight safety; trend characteristic; deviation characteristic; resilience assessment; quick

access recorder (QAR)

LA R GE LA ML AT RS R T ORI R
B4 VAR R B0 PR AR A 09 S, R o A T SR MR
AL R R R K RGN R T
Hollnagel 55"/ IA b ) 02 8 G 76 A8 LA T4 22 AT
18] 5 2 S5 R 8 B L BE B9 N AERE T, U AE T3
PR ARE U A5 OF T 4R T PR AR o 33X 4 R B T
PERERYRE 7, 30 216 R G009 32 bR ig 47 SR8 h
AR, EIR G R L U RGAE—
JE IS PR T X RIS () o 6 2l F, 44 R 2 RTAR
R GRS BE T o Bl A )1 S 19 AS B v
B B RAT I I b 2R 2, A8 HE AR S RURS AN Y
DI I Y 1 7N R R L AT = o N BTN
o ool |0 2 I R /NG s 3 T K ok 1 e P W65
() 22 4 BRI OE 1] 2 4 Tk, OF AR T R 4
(2 A S A R S S TR

AR [ PR AT 25 A 2 A v Dy T O T
HEE . B, ICAO™ 42 1 45 iF Yl %k (Evidence
based training, EBT) By #L & , - D s 4 K AT HLA
AR S HORE L AR U 5 AR U 2 T R
M. 2 E T a5 (American airlines, AA)" 1E
2020 AF £ 11 T LA A ) PR R VE Ok a0
ZLRNISCSE AT 2 47 H M HLAL #9014 17 o4 (Flight crew
resilient behavior, FRCB) , X} #L 4 (1) % 2 #) 1 ¥ 17
THER N . BRMAAT % 2 H AN B T &
SE P VS RE A B AR A, O A Ak 0 1 43 A A B (Re-
silience analysis grid, RAG) 43 BT J5 ¥ X 25 45 HL#
B2 AP AT TR I . RN T, £ %R
ES U RuR RN N EEY I AN AN
WLAE 3N 2R H R b 7S v 22 38 12 R R i)
PEHEATIEAL o SIS R T A o
Sl A T A7 B N 2% 0 B0 M R e s v DA a3 B
BN | AR UCE A v X 2 WA A s i R G
S

RG2S CTEM 2 A8 2 ki,
R G0 far g 06 55 A 25 A ) B RS AT 7 AR B R B AL
PEARZE G ASE B2 WL Ak B PRH L S >4 T I 1Y)
REEPR AR . s 2w R R Y i PR A O SR A
(Quick access recorder, QAR) ¥t 4t J I #2441 17 =2
Bt B B A, DL R R Bl sk T AT A
MIEIT S B S T R s IR B R
JE Pk KOt BRI Sl e 0 BE ) 1w E R . SR, 2

BT QAR K 1y 1 T 3 3t 475 48 v A AT o JoT e 4
(Flight operation quality assurance, FOQA) #E 28
L HFEEH AR RFE M, XA EE T
e 4t 42 B (Safety- 1) Ay W6 , M) 55 T XoF 2Kk 2% Al
i 25 B A3 T AR SR RO A2 A S LR 2 2]
ARB & JEHESD 1T 7 0F 58 A QAR $ s k47 5%
AR AR ) G i 2 5 2 Bk IR ) B R Y TR
Fra e SO A AT BRSO . B T
1 S DB A0 2 TR R i A BB AT 1Y 52 2% 1k 3l 0
PEAL TR LA BT A R S P S B A VA
AHOCHE o HJE K R B o0 ik 5 &2 2 W)
1 CHE 1) 2 5 ) 2R e I 5 P 1Y Safety- 11 #L#A )
HEAT RGERE G A R 05 i AL PP A AL A A | AT
LARPIVEACE LG YETEI O, BT R
WSS PR A O A TR S R B A TR .

BT AR SCRE T AT 2 WA ILE 1T
SR T PR B B — Rl R T QAR B 1 i &
AT RATE VN T . T E A OTET
3 of A BT AL PEIE 1T A% 0 2 8 I 1] 4 A5 2 R i)
B R E T A O B R ) |, B IO BE QAR HEAE
SR ) VE SRR IE AR 1, SR T I 8] )5 971 3R 3K
¥2 4 J5 7% (Short time-series expression miner,
STEM) & A6 At PE % e BRFAE A 2547 E , S 3031
SRR R 4y, 2R AR VE Y RAT R I . A
RE 0 8 T 38 AT XU B v 1 1 3 B BOAE SR SR U
ARG I DL A s 28 A TR 2% B B iz A7 £ S 9]
i TFZ A PE R PR 45 R 5 Z B B FOQA
7 PR A 0 45 SR R 47 X8 LS , AW A it 2 2 w) A T
H A 18 47 58 VR AL AR T R AT A )R S A s
5k
| eTRew
1.1 XITREHEMSRE

TEMLZS S, RATHLA BN NI RS & 2 P
() F2 BEOR PR L TE X TR ATIE AT U S AR U
FE 1, RATHLAL Ry U8 B a4 7 42 42 P i e /%) 8 3
N SEAT R AT LA Bl AT B AT R 4R 0] 4 A7 1 i Ak
Fo AAMT 2020 4E 48 FRCB A&, 9 38 3 o
CFCRB B[ #2 X ML ©AT 22 4 WPk A =5 0 7 &
T 2P 1T i 2 o FCRB # 1A i J2& “doing
something above and beyond SOP” , B 7% T K47



55 6 ]

faf W5 T QAR BE BITAE A B RAT AR PE TG 7 ik 1191

PLATE ©ATIs 1T 8 b TR ARME R AT, A
CRESER § ¥ el e R E R
LT, AT HLAL A R IR S 7 % 42 BT R R A7 8l L 3
Be AT AR RO T AT LA AE U S AR U S IR TR
Xas 47 22 42 (9 1E T ST, 75 AT L e SO T g
WAL T HLEI . A AH B AN A TEALE &
B PF A B LN R A D7 T 22 5% LS A W) RAT R A
R AT LUIA o B 2 S8 7T I BE N A 2 A m BT AR
FrWLA AT 2 P A B

g5 Loy W, A B 98 45 G 2 A8 R R AT L R
P AR5 AA XS T2 2 PIPE R LS A B s
Al AT AT SO S o L AHLA AT %
SRR S LA TR AT Az AT H 0 XU P8 B0 i R
LEGMAMRTELGAIRE S . X — & iR
TS oy m AR TR AT e e M X —Zas AT A B (BL
)PP, I R IE R RE T RGNS T
i 45 O B 4 A2 B A (AR T8 58 BE 4R 1 52 PR 3%
W HEERRE, AT A RIE X —E XA
B by ot B — i By Ak Ok B R M, R
5K 38 2 23 BT R FASE QAR B Hh BE S S B R 58 /AT
B R RE MR TR L B R G RRAE R E
AL AT S 2 R RAT B AR OKCE o X ek
SHERCHE R A B SO U S BT R RS
SCHEAT TRAN P iAo
L2 XITZREHENSEHNBERHE

PIPERE B 2 T AN R 24 R4 (]
A b, A A A AR ) LR F — S HH LAY AR
Fon oK R, BRI 1T 7 /9 390 1 h £ 32 it 26 e W
H1 Bruneau 52 S5 R B S BITE =/ B
P £ LLSh M 2z T R g B e 4 s 5 Y
BUSCRR AL - 0, 20, R G52 B 3l , B80T [ 5 .0
Z), R G HRGR B R MR 5 1~ 2], R BIE
WK 52 91 3K B HE 28 K-

sl
& |
4 —
5t
Ve
— JIPRBIRL
SUR L
l 4 t; L fsfA]
K1 Bk

Fig.1 Resilience curve

SR, T 1 v gt ) 1 ot R A M L A RAT
LIRS UL 25U 24 QAR AT
WS HORGE W) M i 2 B TE T2 L A
fit o RAEPUIEIE S 2R H I S) 0 2 A A0 AR AR

AT LD T A S e AR R A7 A 4 R o A — R R Ry
i, 02 A 25 A

FARFHIEI R T R E BT IS T, REATYE
BEA AR S — B B2 G K AT S B R B AR
P G B R T A A AR
5N LB 2 42 S ALY 7 35 KT Bl ] (R A 2%
) 1 3 A2 Jy 1) B v ] o dE g o A HRRAE T
PITEAl R G 45 G0 = W R B, fln, 25
B S B L A A B T4 S S IR S B K kR
SE 1 a3, 32 B 3R G AR 1% 7 T A0 b e 47 T % & 5
BOKE PRI T B 5 R 2, Lk T B R B0 AT g
FURBIPEA R, BRI R B 4R 1 KUK

s B8 RRAE A it T AR R B AT IS AR AL TE
TER — B B G AT S8 B SE PR R UL 5
JIT R B A B R IE 2 T ) S R R 0 B I
B T ANRIE 17 3 B S8 B A 0 f O AR
M5 — B0k BT R G AE A% 28 (R R b
0k ) B i AR RS AT AR e M R — Pk Y B
Fo BRI R B R AE R R DL BEIE AT T R
AT, R G R A RO MR 21, K S 30 4 5 AE T
0N CA B PR R LR 2 1) 5 B0 00 I B8 A AE
MR B 17— BbE 22, RG X H0 3h vy W g ) vl fg
NESARREE N T S50 25 15U 4 XU

3 2 XoF 33K A REAE (9 25 4 A, PT LA 4 1T
FA R /Nl B o N B I 27 N O R il 7o o 7
K, BIFE B 8 T R 4 BRI L T IR
DA
2 XATREUMITME A K

AR 538 3k ST A E R R R AR A i A
PV G 85 R AR S il FORRAE R B RRAE 23 BT A S
N ERAT G AR R T QAR Bl 1) kAT
SEPEPEM Tk
2.1 BiuUHMEYRAETE

WBEEE KA/ R={R,,R,, R, i & X
MR TG I=11,,1, - LI 8T %4285
B4 B=1{B,,B,, B} (W E . ¥ AT 0N
nASEEBE TVE T, WTBEAE B B T 00 490 1 e AF A% i
R AT RN

R,=I — B, (1)

o 2 A BRI 2R B — A [ bR R
) RAT B FE AR 25 5 D

MLHEAERS Bt T 256 H 283 L I T

I,-Zzw,-jm,-j (2)

X my QAR FHAE 2 8 o, 15 I B T, 10 % 2 4
J_g ’ijy‘j*REc m,]ﬂ‘%:zﬂf\‘j]



1192 BRI MR Rz R (A R B 22 D

557 %

Ulx,;)—z,
Ulx;)— O(xy)
m;=mingy (3)
T,— L(xy)
O(xy)— L(zy)
Kbz, Ba, WE ;U (2, ) L () 50 5 Ry 2, 78
FOQA T W4 LR M TR ; O () R oy 1 Foe £
B B HE T 1A
RGBS BT L TE R TN R S % MR,
ER IR A, BV R=1{R),R,, ", R, , % R, A
0 MBI IZ1T BRI RS AL T2 R a2 .
2.2 ENFIMSGEHRIETEERHE
K H STEM 2 2 57 AR Xk i 9% 39) 1 Bt e & Ak A2
AR RS AT 70 o STEM 528y R i 4
BE K~ Ernst 50 FF &, £ AR E A F R4 14 i i
() 7 47 K5 4 Ak R RE 7, e 08 R T S 0 K i e ]
HN A 0 Bl A A4 s R STEM 2 T — 4 i
FE SCHY EA W R A O A 4% (Temporal
profiles) #E 47 R 25, Al DL #2215 Of = fb in A2 %
TR AR S M 2R A OC Y 8 FOREAE A L
K-Means 5§ % 4t 5 26 J5 1 75 ¥ F5H 0 Fn g Bk -
WAL, AN, STEM N B T & T & s 55
(Permutation test) i 4 71 2 3 P ¥F A& J5 %, 1T DAk
5 S AR S H R S HE A 1 2 M Dy R Sy
TEr B4 BESE 1 SCHF 3 9 4510 19 2 WL .
BRI AT A BR IR
(1) #E 2% a4
R AR ) M R AE S £ 1K BE o, B E I [R] 7 31 AH
B R AR AR BE ¢ DL R 27 Sl Hm R A Bz, T
WS Z BB EGES S= (5,5, ,5.) , BNS%
AR 1A AR EUT 51 R
(2) L PEFEA STEM R 3
i 05 7F & A S S 26 B B A 09 A B o i B A
BEREA g F Ll 2 06 R SR F LR AL F) L F,
T A A BE A da AT R U SO IR
i STEM 2K 3 43 it PE 04 B M 3R AE )7 51
5Z % A s M/ NEE RN T RE, 3
Z AR s, 0 N B I BE R IC N A FL, R R
o 6 Ay A gl 2 2 R
(3) 3 BT AL PR AR 1 e SRR AR
X 2 AR s, R IB A AR BT
(Vo, Vi, Vo, oo, V) B R SRR AE 6 B TTHY R 35
KN

TI== N (v, — V) (4)

no o=
I TS B W BE#E R4y 225 . T1=0,
D)6 1 PR 7 2 E ) B AR EE 5 22, R

PF T, —MME, E B E U] RATHLE X
BAT R T E W ST, AT R .
2.3 HEMMEENELRESR

A 38 2o e R B 25 (Cumulative alge-
braic deviation, CAD) #1 2 F 4 % i & (Cumula-
tive sum of deviation, CSD) 4§ 5 , X fiig B 7% A7 XT T
U4 B R W B R R AT S AR . X AR AR
PN [) 24 20 5 Ay BIE 552 400 1 36 A i 1Y) g 5 17
O, Horp, CAD S TE i 25 77 181 5 K/, CSD 56
T it 25 R e Sl

(1) ZEBUCHE I 25

CAD 2 Ay )M R AE A8 1 7E 45 1> I B HUE
AIACE AN . X T AL £, B M R AE AL 17 51 R =
(RO, Ry, RY, -+ R Wi BE £ 0 82 B AR B0 D 25
CAD'WF

CAD'= >R/ (5)

X T HERE F, R BRI B CAD Al 3%

NN

CAD = > CAD/ (6)

(F.) 7,

CAD* W T i BEFE FoAE X T JE 48 55850 1 °F
Y 25 07 ] S o T TSR P e B e B 4 A
HHGH , CAD  F 2 M it BRI 2 5% . CAD'K
F4F 0, Ul AT PEFE Foh B9 i B #4319 %
SR & E TR B R R, DR AR ] e
FR7, CAD'MK, BWREE &L 2t

(2) BRI 5

Sy 4 T A T BE S 80 M B B 4 ) i R I
SRR AT E ), B4 X B CSD,
Ft BIE B 14 22 AF AR A 25 A I BE Y D 2 o 4 X (B
Z

ALIE /i SRR EU B CSD/ Al IR h

CSD'= > IR] (7)

WUPERE Foi RRREUR S CSD AN

CSD/ 8
(Fk)/; )

CSDYE B, Ui B F, 1 255 %2 A LU X T
LR R P B A O, B AT R BN R E
P ol 5 R R SO, 22 4 PR X CSD H i Y
FUL PR BAT LA 4 2 B T
2.4 SHMBERMESBEN

AT AR LA 28 A — N RE
X ELHSE A AN 0 AT 2 A Bk, HE 1R AT AT BE R
AS TR B A [ B S s X 3 o A 0 A BE ) 4 B
RO T3 M BT HERE A 1 BT A, T LS B
2N AT RPN .

CSD'=




5 6

faf W5 T QAR BE BITAE A B RAT AR PE TG 7 ik 1193

(1) Gisgsi =k oy

FEAR L, AT LR A AT M HEAE A I SRR R 4y
FHF 34

B | — BB e F R &4
SRR TAE 2 A BRI 4 B I, BT BE ) 1k 35 4iF 75
iR XN B2k AR s, = (0,0,,0)

B I ——FR AR X PR FLi 28 B & 42
SRR TR W A B I 4k B — i AR B 5, (W) I 3l
I E A, 2 A BT B R
XF I G S AR s, 0 k<<z,

B TR ELAL X« PR AR F 3R S 2R B Ak
A — e R s AR IR S (RO 3 . i X
AR B BEL IS 5 3, KM XT 1 7 8 2 2R S
AL BT o

BE— 2 MRS R AE (T4 5 ) LK i 25 45
fiIE(CAD 55 ) B A X T v Ay it BE 2 il 43 ok 44>
T

@O B -1 0E 1) 5 0E 1 0 2 5, 08
(+,4+);

@ B -2 B e A5 0E 1 e 2 5L e
(—,+);

Q B -3 f ) s 5 M e B £ 5, il h
(—,—);

@ B -4 0E o) 35 e e 2 5L ek
(+,—)e

ZE LR A A LR RATIE AT REAR AR AT LA
R4 B0 2 s i 2 5 ep

=l B I 1
RALE RREAR BN

BRI-2 HRI-1
(=) (++)

B3 X114
(&55) (+-)

B2 e ol AT 2 AR Sl 4y

Fig.2 Modes of airline flight safety resilience performance

(2) YLt 547

(R, AT % R R AT i
B L SRR A, 20 R AT
GRS ER MR . AT R T

2 S R GG R K ) = T A R Al i S 4
AT &

S 1 =ondl R T R T A =TI A
BEg R ST BERCE ) L L ] D SR SR AS
G:(GlaGZ’ G%) 7G1\G2;F[] G%ﬁ%”%ﬁ%ﬁ%éﬁ*ﬁﬁ

FE TR BRI E TR, MR IR AL S 4%, T
AN

LN
G=y (9)
A €1, 2, 8), N R ATIEH N A R X

AT BB

WAL 2 A F Y GAR K (GAR/N , B 1% A F
) AT & 2BV E Ll . AR
LT A B T AS () SRR AIE 5 00 B R A 1 T AR
P I N BB 38 2o G 1 /0N E B2 HE T A 25 2 R 1Y) %2 4
=A%,

55 24 = Il PR AR R BT AL S ) C=
(CT,C°,C7), Hoh €7 [COVRN C 43 591 32 7R IE [#) i 34
55 0E 1T Db 5 32 A A0 BE o Ll I ) A s T
B SRR A ELT, LR ) R g 7 e
FRYMPE S T, AR K (10~12) 38

N,

F—=_"=
¢ =N (10)
o= N T Naw (11)
N,
,_Nzg
¢ =\ (12)
3 Noy Noo o Nog Noy 4 3 888 -1 28 11 -4 % )i

P AL BE 2 A o

TERRAE AR L A CTAR R, U B A /]
BATR RSN R R AR, 2 23 IE W1
POEMER AR, Em 2PN IRHR ., Rz,
CAR R 35 W 22 4= B 300 1Y) T 1 35 Fh s 125 25 2R 2
MW, M2 EARE, CNFRRKEZ
B D 25 B B A — Rh IE T R R A .

(3) ®ATLZ 2P

BT BRI R 5 2 A A o8 w3 AT R AT
ZEPENEYNE LR, G5 G C MR T
2 PEFE #5 (Flight safety resilience index, FSRI) .
FSRI=w,G, + G w,.C"+ 0;C°'— w,C ) — w-G,

(13)

Kb o, N PIPES RS SR 5, v DLl R AT % 2
PR 045 B G U

FSRIME K, GiHl &2 & . BAE1T &
P, 0l LLaE i % FSRI B RF 22 0EAh o0 5 304 5t
RO, S AT 2 A ) R S ) B R

3 X 15
AHF 5T DL [ N AR 2SS | R I
T % w) 2021 4F B 2R —ZR i 875 M HE AT QAR %k

W 3.1~3.4 79 R T AL 2 R GAT B P 60
fl o LR 3.5 THH B S A 45 SR 5 FOQA



1194 BRI MR Rz R (A R B 22 D

557 %

IR 0 &5 SR AT 6 L, B I 2 A B DR
Rtk .
3.1 MmMBEMBRIESNRIETE

TE AT AR v, B T B B S e AT 24
B R ORBE B B o PRI LA B B R B8], ) 2 ) P Bt
BRAEAS 5

e kT 3 A b R FRE R I s U R RAT R E
(Loss of control in-flight, LOC-1) | A & & {7 &
(Controlled flight into terrain, CFIT) fl } i s

DL g Ay O 25 R W GE L R R 2 R
RE K Z 2/ T8 Ky 28 o FaE BT R0 Rl
A i Z e B R LOCT Sl — i i A~ % 4
M) AT RESCE S H /N T RAAEE SR, T L
WA AT, BRI S B T R R R T W I R
5 RN 1) 3 e B9 AF 5 AN S B0PE Oy it S 2o R Y
ERITSH, ME LR . 454 FOQA M hnfE
MR AT R R R R T A AR A S A B B
WIS % 5 R 3 KB R 6 19 1) M S

(Runway excursion, RE) &% 3285 , CFIT ZH ¥ nl FHEAR

F1 BRAHEHBNBETITSH
Table 1 Characteristic flight parameters for the final approach phase

= 305~610 m 152~305m 61~152 m 15~61m 0~15m
i B T, T, T, T, T.
I EETF%i ﬁﬁﬂ‘%i ﬁﬁfﬁ%% BN
25 75k EAgT —
ZH TR ff R TR ff R
R T R S A S T I R S A S
FOL 1) 3 A 25 NERER (Y FOL 1] 3 s 255 S 1] 3 i 25
3.2 EBOWER 03
it 25 TERE A 25 B B A B8 T IO ¥ 18 A o % 02l
D BOELE B3 LI B 0.1 K 0 2k 4 L Mk 875 1 @
L BE B A o 7 35t 454 AN BE L 8 R 43 S R ﬁ
| —SeBAEat”, 13 R He A U FERR F, B4 £ ol
GEARFAEAS B R W95 AR B0 . B 0.1 B A9 F ol
B H R A L8 A S A I A K P
22 50 P 14 A A T S 1 B O ol RS B
RS E A MR L R A S PR TR A R X A 3 SR R IR F

T A2 4 45 75 FE 2K B O B A BE (S5 ) AR A=
T Geit s A R S S D AT BT, DT B T X
Je 3 19 73 B R RV A (L A 5 A HUfEL s 7T LA
AR B0 R A R A SR A A R

Fig.3 Flight clusters F, for the baseline mode

H 50N SH i Hm R, M 4 PR, AT HE TR
Prek AR — Rl Sam (%, 75 HE 2 1A 80y ol

it STEM 8, & n=06.c=2.2=50, 8  HERH%S .
A AN A W
"M A A M A NV
E io\/\ AP A ?L %

7 9 3 4

]
1=

<
JIs

o

ALC

6 8

>

3
JLIL B
<
NS

IS

3

K4 ZEHBHmesESS

Fig.4 The set of reference temporal profiles S



5 6

] WG, S 3T QAR BUE L2 28 |l AT R R F TN 7 ik 1195

BRI AN 21 SE 4T 50402 %1
SR AL PEAT DT, AR 405 e /)M I S T DK fiT BE 2R 25 3]
ASTA] i ¥ S m %, B STEM N & 1Y B 46 56 7
LR B 5 A I3 Yk B m 1% (p<<0.05) , 43 9l
H:s(0,—2,0,—1,0,1),5,(0,0,0,—1,0,—2),
$,(0,0,1,0,0,2),554(0,1,0,0,0,2)F15,(0,2,0,
1,0,—2) o XFRLARALBEFE 43 K Fr o Foy JFor (Fy
0.3
0.2r
0.1+
0.0
0.1+
0.2+
0.3F
0.4+
0.5

IR R
|

FIMERAEAZ R

| |
s o
w [3°]

FE, R MUPERE — A0 & 355 M BE, J& T HE1E
B AN 5 ET R, B, o i 1) 1 3R AE AR 1 52 0% B
TR Fo Ly B0 FRAE AR A B S —
BB (O~15 m) B T B B ) E a3 Fo
P PEF AR AR B AE O~15 m W B8 T W 8 A9 R B
PP BEHS FLF A, 91 R AE AR 5 5 %
Bl R R

0.3

0.2F

IR RR

| Y N P |
S ©o o o o o
e I S I e

o
i

s o
_ O
.

PIERIEEER

I !
o o
W

B 7 & % 5 Z
B
(e) F.,

F5  RAE AR X B 04 i BIE A

Fig.5 Flight clusters for the characteristic mode
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