L 2% Bl 1R

Aeronautical Science & Technology

1 CBLBOR 2 B DU €17 B0k
REBE Jy IEWESE

Hp-58 sk, INp &2, SEIRH

LAbs iR RS, kst 100191

2 KA TIABSIFSEE s Tolk &4 707 SLpiAs FH T niseias, Bep 164 710089

B OE WA EYFANTERNEE S VTERENALS VTEEH ZAN R AFEENR FE N . KT TR
BRI EEUE S AR SR VTEBTEL RS R HE"EVHEERE. AXAR CAHREFREHRENHRE
IEFTEREETREASEHRFONA, F0BEHAERRE , RET —ENEFMENRA FI% 54 E BT R E
WE|ETFRABAR LA B FER EALR 2 5 OiR Z B R 5 AME I ATEER LB 7 . R 24, AU &4 % iR Z 4]
BFHATEEASHAAHRR T EREINA#ATT T, RAEARA ZT ARG E -S4 TEAEARGHESHE

Aug. 25 2022 Vol. 33 No.08 78-87

-

WRATHE T R BB HRGAME PRI T 27 R ERE VT ERASHHRIR 5 ERBE LA,

KR A A AR, BHEERB I WABUA R WATHRIEL I RS HHR

FESES:V212.1 MERFRIRES A

it 5 M B AR B AR T 2B, WL A% TR 1) 0 R R b
T, WL AL et BT ISR S 4 B e R, Al A
T A TRAT A W AN R o Bt 2 NI R . b AR M £
PP T A TER I TR B i DU A TR A
BB R A RIS AT AR R LS X
RGBS TR RE MR B TR T R
(I CATER 0 AR 19 52 etk 5 27 Vs S B IR
SRAE S B AL B A 2 1 SR B LT i A L BRI IR
25 AR | AR 22 5 I ) S AR 5 e 4 o Y
BRI AR R SR ST i AR S A R A R

PRAT 14 22 6 AL T B B b Ty i 32 i 1 R T AR
TR LS T[] AT EHE 1 1R 22 HE IR 5 M D ik I BF O 4K
A BAEE R FRERE BT A T R AR AR 40 A B R S5 R AR
R 2 A A X LG A TR I 1 R A e
SR, 76 AT R b i S P A B EAEE R R AL,
HELLTH A LA AT R R G PR, 5 S0 H AV
TR S HORR A R 5 S 2 5 B s B PR A 1ok o

KT LABIE st ] B3R A HR R 5 MR R AR R 1 AT

FSEHA: 2022-01-18; BIZEHA: 2022-03-16; RFABHA: 2022-05-10

EEmE: MRS EE(201913051001,2018ZA51003)

DOI:10.19452/j.issn1007-5453.2022.08.010

PEAL Tk VP2 B RIT TGS . B2 T TR
RAIRIE 1 57 A% AR BAIR IO T 1% o Zhang Pixu ST
BANTIRES T 2P G R RIRE M ECER . 5K
IS T IR DR IE ) A TR B AR, O R ST
857 AR AR A A A A Ty o X A T ] — R
T B30 AN [0 ) ) R 235 28 08 A [l 0 ) 1)
(] SE IR AT TS B IE . [ 2 5 2 T Sl A
(9B RN, RE T AR AR . AR TR
B FUAREL IS AR R S IR BEA TR 1 — Fh et 7 i X8l i ]
BT 10 2R WA T4 TR R SR Ik 4 iR 22
P TP AT RN A PERR 30 753 o Panuntun S50k
7T Smith S X PORERE AT AR R G A i) 2
BEAMETTIE A DT B R T2 AR R S i
TR AL . R RS R T s Rk R 2 AL
SR R G R 22 O E R B A , 2455 T R EL S B 5 5 K
EIIE TizIr kAR . TR T AT RO AL L AT AR
BB RO, BB RIS i TR 4 G fe Rk
TEFE ] RS EH RS A E R

S| : Ye Zihao, Zhang Xiaomin, Liu Yafei, et al. Research on flight data processing method applied to parameters identification of
aircraft model[J]. Aeronautical Science & Technology, 2022, 33(08):78-87. [t F5%, 5KEEH, XITW K, Z. HF KIERSHPHR
WITHIBAIE T AT ] TSRS K, 2022,33(08) : 78-87.



Mg S T BB S BRI & AT R b BT IR

79

S AT Y/ MRS 2 PRI T R e AR
PEAR A A AT I A2 R A il S 5 O A AL
TRATEE o U, 0 B R A R TT T U -5 B S b
i, FF 2T Savitzky-Golay I5 #E4T T 80 09V 1 I8 I . 71
U IE TR IRIEBE T R i [ SE R &5 i
ZEMBRR S AMETT o S DS BRI, 1 AR
HHRZEHHR S MR R UGE T U EI S H R
WA SECRORE . fR)m A SCET EIRNA XSG E
RIEAMER AT R B S BR300k S OHAE R AT f ik
RN AT T BT

1 BFEESHEHAN CTEIRCEL X
1.1 WITEIEER R EZERNSGE

CATRR BN ) R G B B A AR ZE B
P ) A 38 5 {10 22 1 I S DU 50BN B B AR A
SRR RIS RN AT EAE A AR 2R L 4 AL
RIS N 15 SRR 248 5 WF 8 A A A5
Wi o ASCEE G RATRR /NS 2 A A, X R AT A3l i
TTAHAVER TS o RATE AR S P A 00 A BEAC SRR U]
Frdwah J12E 0 AR RS I AR e (1R 22 5 Lol i 22
VERTHt TS5, il RGEHER b S Bl v
HAHDR 22 5 O fiR 220 AN | BRI A5 B AR (1 KA 4L
PO, A Y O E T DA ) I A, ST DA p
AR 368 3 3 Bl 56 FR AR R BIZOULIN 1A 22 4% i) )
N BRI A BRSO T . AT AL 2E (I
] SEIR 55 HU R 22 1 AT B A 158y

2, (1) =(1+&)xz(t = At) + Az + (1) (1)
ez, o RATEOE S s 2 AT B SR 5 £ 5 Ar Ay o
IAIAEIR 5 e, 4y OB 22 5 Az 7l e S ph A% s ) (L RS I 1A%
AERETM G AR RO GHENLIR 2  BEPLIR 22 &, RS
HIE R0, K522 0 R ATEHE SEPMER KA
1 ﬁzs). o (2)

ARSI FHGN ) /N S Z TR S RS T /e, U
A h

i=Ax + Bu (3)

REAL T x=[AV, Aa, Aq, AG]", Forp AV il R ALAE, Aa
IR ASAGAEL Ag oA AR R , A R A F AR AL (B 53
At u=[A3,, AS,]", Horh Ad, Sy TH B ME D £ L AG, Sl ] /N
Ak

FRYUHIE A SRR B N I IS HO LS br T2

z2(t - Ar) = 2 (1)

I e SRy i B o BERAR B B A T AR SR R O R
B O RN y=Cx+Du, oA € h DU B AR [, D

GEG AT A A A 50 () S A 7R S i T AR Ay
P A EAREE WA AER | R 2E S AL R 22 1Y
CATEEEAR A A IR . RS RN

©=Ax + Bu' (4)

W =1+ €,8,) % (A8,)(1 - Aty ) + A(AS,) + €.6, +

(1+&8,)x(A8,)(1 - Aty )+ A(AS,) + e8,]" (5)

A [(AG) -aisys (A oaisy) N T I IRIIER [Ar, , Ary JCLIAR
75 £ 1 B ] A A oAy B o A B ) 1 2 i 0 B 5 [A(AS,),
AAID] ey 65 14T 16,55 8,5 150 W A B ) 237 DR 22 (BEAIL
W2 G BRI FE R

Ym =%, + &, (6)
H ,x=[AV, Aa,, Agq, AO], &, =[ey, 6,5 €, €] » ORI S
A EFIBENLIR 22 o REAETHAY R (IR 25 5 L BhiR 25

0 =[Au,Amu,e, ] =[A(AS,),A(AS, ),Atﬁr,Atﬁp, £,6.¢.0,]

(7)

ADRE EIR T RS R S LA N IE

%, = [ (%t €,.0)

Yo =hx.6.)
b A v, =[(A9),, (A ], R y,=[AV, . Aa, Aq,,
A6, ;0 R TR E AR 22 5 LB 22 s e, Ml e, 20 I 45
Tl FRAS T A B L5 22 , LB 0, Hob Jy 22 4390
QFIR, TEMCEEAH b, R WU B Jp A% PR A 220 (8) (1 15
HbIE

w(i) =fla(i = 1),u,(i - 1),u,(i),e,.0] 9)

y(i) = hlx(i)e,]

AR S AL A B TN ) N S A AR 1Y Bk
RGBT BT RA TR, DUAE SR L 5 b T 8 B
SE R B AT . e NS R R S
BN TR IR AT 308 , 0 i AR & 5 AR
T AV T IR N ET, BOE RSB

(8)

[-0.0069 0.0139 0 -0.0416
A= -0.0905 -0.3151 1 0
0.0918 -0.7937 -0.4284 0
L 0 0 1 0
0 0.625
B = -0.234 0
-1.1577 0
0 0

B AT B R AL BN 500 4, RATEE RAF A A



80 LIRAEE L P N

Aug. 25 2022 Vol. 33 No.08

H20U/se K CATIRER A UL R B AR 32117 (5 SR
il R, AT O B AT, RS IR SR P B
R AR A TR
1.2 FHERYIRAI BIFRSHME

RATEE R B A TR R A R S T e R
(O HER AR G Al {5 B G E o DR GG A S IR A i, S
B ECIE A SF PN LA o A SOl S AR B 22 0 s
SRAFHRE R R AR, 0 B9 BT BB B 2 22 R TS 8 A 0T B
IPRAZ AU B, R R B 2 22 2 A

S

Y1 = 45 321+ 15y, + 3y5 = 4y, = 6y5 = 3y + 5y7)

A

1
V2= 1 Sy v+ 3y 4 20+ 5 - )

N 1

yszﬁ(yl+3y2+4y3+4y4+3%+)’6_2y7)

. 1
Ya = ﬁ(_% + 3y, + 6y; + Ty, + 6y5 + 3y — 2y,)

1
Vs =g G204y + 3y + Ay, + dys + 3y + )
L1
y6=ﬁ(_}’1+3’2+2y4+3y5+4y6+5y7)
1
Fi= 0y (57— 6 -3y, =5 -6y, -4 -4y, =3 +3y -
2+ 15y, = 1 + 32y,)

(10)
Krf:i=7,8,9, -, N3y, 55,500 055 i s i D i 5 9 2
{H o FEEHRIT 2 SO SR X B, =y, - 7.0 W
BT E a=99% , F s S Ai 10T SHE 2 7T %1 K (7,0.99)=2.097,
T (1D Ry 5 AT AL A

= 3 - =E (1)

H v ] e B R T I Sk A, 2 ks R R
B, 3 2 2y <E RS BRI o sk B ER (5 5
BRI EHE R I AIBR A L & A, B m=3 , 53X (11)
JE k> k3 B BT LA v v o Ve B IEFEY . AR
Sl e B0 SR A ) S IE I LB BR IS, SR FH D B AR A T —
B Yia s Vi Vet MG =R Vet s Viomea s Veomss W E AU 7N A
P B H A (LR T3 (A b

e S
AR A ek, kL, e ktm i 1=k, kL, e kbm
FusFho 10 ts Voo NP AN IE AR o BP(ELAL 35 5 1 AE AR AU
TRATEE R SE N 1R, o B a5 e
SRR S ) PR BB AN E AR

|y, = .| > 20970 = 2.097

27.530 0

7
-3.42

X
-3.43

102.5 105.0 107.5

0 20 40

60 80 100 120
AP oK

P BAERBUN . SIER SAME

Fig.1 Identification, elimination and correction of outliers
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Research on Flight Data Processing Method Applied to Parameters
Identification of Aircraft Model

Ye Zihao', Zhang Xiaomin?, Liu Yafei’, Dong Chaoyang'
1. Beihang University, Beijing 100191, China

2. AVIC Aviation Science and Technology Key Laboratort of Flight Simulation, Chinese Flight Test Establishment,
Xi’an 710089, China

Abstract: The aircraft monitoring data generated during the flight has important guiding significance for the
optimization of the aircraft performance and the design of the aircraft control system. However, the complexity and
variability of the flight test environment will result in more abnormal data in the flight data, which seriously affects the
data quality. This paper studies the identification and compensation method of abnormal data in flight data and its
application in the identification of aircraft model parameters. Combined with the data compatibility test, this paper
proposes a set of flight data processing method from the identification, elimination and correction of outliers, data
smoothing and filtering to the identification and compensation of time delay, zero error and proportional error based on
the maximum likelihood method. In addition, this paper designs the combination identification method and its
application of aircraft model parameters combined with constant error compensation. Application examples show that
this method can realize the identification and compensation of abnormal data in flight data with high accuracy and
speed under certain conditions and also verifies the effectiveness of the method in this paper in improving the process
of aircraft model parameter identification and the accuracy of the results.

Key Words: compatibility checking; time delay compensation; maximum likelihood method; flight data processing;
identification of model parameter
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