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Abstract. Due to the fact that computational cost of aircraft engine component level model (CLM)
is heavy while memory of engine monitoring unit (EMU) is limited, a machine learning algorithm:
exponential weighted - sliding window - kernel recursive least squares (EW-SW-KRLS) algorithm
is proposed to replace CLM for onboard application. The exponential weight character guarantees
its tracking ability and the sliding window structure fixs its onboard memory budget so the KRLS
based EKF method can be applied to track engine output measurements and estimate variations of
engine components efficiencies and mass flow capacities which are referred to as health parameters.
Several kinds of performance degradations of a commercial aircraft turbofan engine have been
numerically simulated and both the combined method and the traditional CLM based EKF method
are applied to. The simulation results reveal that the proposed method is close to the CLM based
EKF method in term of estimation accuracy with much less computation time and capable of
onboard using.

ET s/ il B/ REREFEEZNERAME L5
NEBENERSRERSHEIT
g R, BEIRD, & IS
B MU MR KA REIR 580 22 e, st V175,
3gujiahui419@126.com, Pjhuang@nuaa.edu.cn, clufengnuaa@126.com
TEIREE

K pia kil @RS RREIEE, BidiER R

RSCRE. S KAWL AL (CLMD TS R ALEEMU N Z AR, $2 tH—FhF)
FIMLAS 22 S ik FRBOINMBL-T ) i -z R/ 3 (EW-SW-KRLS) Sk A 121
BRI AT B T5 7% FAREUMAB R R ORAIE 1 BRI R D000V 3 B LV S5 M 44 17 158 ROALER
WAF TR A 2 Tz A% e B/ R IYT R /R 28 (EKF) k] LLARERER & Zh LAl
It RS T A S L A AR R A A A &, R RSB M0 AL 1 AR
R AL LR I REIR AR 0L, R R A 5 1% Gt 3 T CLMIJEKFJ 153047 LU
2RU0E, 1ZJ7 M LT CLMBIEKF VAR TR B _EARF B, R B B B o S e,
EEHLEAEH

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 329



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

1. 55

fle ksl TR AR &R Sk, @RS XM T, SREA ARG
BAC. WU AR S R AL BB SRR A A, X R BIPLAIRES REAT AL BRER S
e, Sy Hr ik BB A AR B DLBEAT S i, I 4R IE TR LA S e kAT 2 4

s A shHLIHLAR B E AR A R SEELBL_E D RE Bk At Horp, BLER AL A Ik BER 2 H
BRI EAMACR A AR (AM@RSHD KR, T EESHIEERNE, R
REAR Y AL B A% S (V0T B, AP B R 5% A8 T 1 s R B S 0 — 8 P SR AT Al
THSERES. SR, WU R SILARZRVERF PEAR SR, DR BORO 2T 2e M R /R R U BVA RN B
TR e S — S BRERROR, (HE i T R AU BE RIS, RSB TR L B K
AT E 3G I 3 n ), R T R (CLMD [ aRZe M R/R 2R RN, g g
RRZIEW (EKF) Fik BRI R S, ERSAASEA T ZIANHHE, HitEEER, B
b H AT LB A AP T D

BEXF LA LI, AR SCEE S LA ANy R /R RIS, RN R AR
ARMPVRES (BERESED SRS 2 B ARL R R, RE P ZR AR
e R ShBLER Y, SEILEE T3 J R /R 8 JEIRA I B IE N R ER S f# RSB filiit, 153
Xt R BIHLIE EIRES (1 SR ERER 1) H

2. TERBUINIL-EShE D -RodER/ D —RE
i/ AR FLE R VIR A T SRR — Tk, R RN RS A R

WM EME ) RGN
y=Hx+o (1)

b, y UM, xR, HOURBOERE, o NIEMER . R x AT REE
L AN ER NSRS C LAY

J=(y-HR)' (y-HX) 2
XF 3 R FA1F x B THE %
£=(H"H)*H"y (3)

KA /N AR SRR LR — PR EARAE A3 (E “AX BTG R B/ IR UL B A e 1
ST . A TR ATz ACRE S AITRINRE B2, 25 EAAE fR R E A ZRE A, (EAH N
SIE PR GEE T R A TEERAR I = S R O T R AR R T e e, A
BHEH T LR AR B VSRR TR B ) 25 44, B2 14 AR B AR (Approximate Linear
Dependency, ALD)PILL & 5 & [ (Sliding-Window, SW)OI&E (%%t B s () 3 2 484K 2 G5 1)
PRIE ) B, A5 K FH Ay et s IR T P8 BOIm A5 5 (Exponential weighted, EW)BIfe $i w12 550392 (1) BR

27 Loy

2NN
ASCE SR BUN S 18 30 T L PR ik gE A, DA EE R 0 21 BR R M B8 5 05 TR 45 M 1) H b
FREOINBL-1E 30 B -AZ s HE BN IR BEE(EW-SW-KRLS) 45 A 40 F
WA i B N A B8 ul) AR B B AE S 18] F 0N oG) > XTR FRETH IIIE (D) N
d(i) « WAZRECH «(.)» IENWSECH 2, WAIE O RKNAM, BEETF AL TEHREL TP
1. ¥idEte: Fi=16, H:
QW) = (A8 +x(u@),u@®))™ (@)
a(l) =Qd (1)

VIt s8N, 1e/Fdic_num=1.

330



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

2. i=i+1, BEFHiLHQG) Had):
#dic_num<M , 57 B4k SR8 ANRE AR
h(i) :[K(u(i),u(l)) o x(u(), u(i —l))]T

2(i) = Q(i —h(i)
r(i)=Ap" +x(u(i), u(i)) - 2" (Hh(i)

Q(I):r—l(l)[Q(l_1)r(|?r+z(|)z (I) _Z(I)] (5)
-z (i) 1
d@=[d"(-) d@i)]

a(i) =Q(i)d(i)

[F]I5f dic_num=dic_num+1. #7dic_num=M +1, & X: Ay ne HBAFEFERISE 17205 1T,
FEm PRI 0 FIHHTE TR MR R, 25 2 a7 e ) 58— I

e=Q( _1)(1,1)
F =Qli—Dgmy,
G :Q(i_l)(Z:M,Z:M)
Q.=G-FF' /e
h(i) = [x(ui), u-M +1)) ... x(u@i),uli-1)]
2(i) = Q. h(i) (6)
r(i) = 48" +x(u(i), u(i) - 2" (Hh(i)
Qe r+z()z" () -z
Qi) =r e O )
d@)=[d"(~Demy O]
a(i) =Q(i)d(i)

3. SR FHAZ AR T 26 i+ 1 20 i H -

di+D)=¢" (+)[p(-M+D) .. ¢(i)]a()
i 7
= _:_Zh;l laj(i)K(U(i+1)7U(J')) )
W MHGPHNT S8, Wk A2, FBIGHR,
(@) B (7) AT, EEERTE R AR, HAE R 4E RO 2 3 & 0 R/
M JEANEREE N, SRR T E RN BARE .

3. H i RKIE

AT TR A% 4 e/ — SR BLACE RIS R, Sl T3 J R R 2 8
TR AE T A RSB G BRI  fe BES Hfili it

3.1 REERAMTERIHANE

ARSI R B NLEEAT BT 07 AR R O B AR O L e e A s i Y, &
Fios, ICAES IR KU ARE RN RS m i AR s e . % T-iAF
PRI T N2, Al 225 5CR[T]

331



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

FEIL  FERIIRIE LI XU A 30 L B A T
fE BRESHON AT RCR LR A X A2

i=12,34,5 (8)

A, SEH sw R MRE S REBFESE, o Mw, 255 SRR RE R SS bR, o)
w3 G A R AR R AR IR A, BRI THIRAS I R RO &, I ARL1Z55 7l %) R 54 B
o WG 2B R TCAT TR IR L, T A RS ECN0. HAEEAH I a3 R 1R,
TR IR S = B, WAy, ~N(O,R), HHR =0002%1,,.

*£1 wNSH

55 | 5 Al S AR
1 Ny R ¥ iR
2 \3 e R il
3 Tis K R
4 P13 K R
5 Tos | B A MLEE R
6 Pos | i)k R SHLEE &
7 Ts | mEESNLE SR
8 Ps | mEESNLH ST
9 Tag95 HEAIREE

3.2 BBEER/DRNY BE/R BB EIAL
KTFEKFHEIET LS CHR[8], A SCH FHEKFSZHL H & M I 5 S B fhit. % es)
AN S EALE N LU S R /R S PR LIRS E R AU R, SRS TF @RS ECN AR
o e E R T E AR E R T & I8 ME RS
A4 552715/ Y EW-SW-KRLS B i 1% B 5 4 R g DR A P . B B A
Witz
Ix-y

K(X,y) = eXp(—TZM) 9)

i, B2 o=2, IEMWSH: 2=001, BHBIEHRAD: M=100. HAFEALEIR
NZRANHRPRES R S R ELISAT IR A5 T e DLk 8N i RS 4

x=[N, N, SW, SE, SW, SE, SW, SE, SE, SE] (10)

TR REAS RO A Y, BT LA S ST 9N KRLSH A . MR (6) AT 411, 9MNKRLSHE
TR QG) FFEAE, TR EEIE, W—AF ARG — Pt Had) L, FTPA9NKRLSHEERY
FIiH &AM L 1N KRLSH R R i A 4 1y,

332



ATLANTIS . . .
PRESS Advances in Engineering Research, volume 155

HI 16, KRUSHER SO ARMTREAS,  SOBUAT 1000 AT Al S Hoxt B (1 5 T AR AR ¢
ARG TG 2 S HUE A IKRLSEE R IR FEAS , ST a6 7 . MEB10LIK AT IT4G,
BERR35AN KATHEIR, B2k AL T i PV 2 T CLMIMEKFRVE A T H 24 5T R S L AR
GO0, SR 5 R Z Al 8BRS S 5 6 R AT Beds i in 2B 8 KRLS AR 7 BL DA ORAIEA
MUK, (RN N 25 B 88 2 B RAT PR e A ) — 2AEA, DRI B R ANAL

33 MERBENRESRES M

KB AT ERAE S R EffMatLab R2012aH354T, %S RMIKBEE M T: 3267 XP
BVE &%, Core i5-6500 1% CPU@3.20GHz, 1.18GHz L\ 22.99GB] N 17
AL ML KAWL P8 A, BAAR e IR T Re 2 R R . e H )
KA JEHR25ms, — AN JE B N — AN KATOERR, L4500 KAE 8 H . M Re B3 =B NASA
FIGlennfift 78 H .0 fEMAPSS(Modular Aero Propulsion System Simulation){}‘jEJFAEP]%)‘zaﬁijJ
MLFE R — & TAEIEI UG S S AU DL S B 0, L B AR PR AL,
2 B A AR e ELAR T A AR AE 552102 RATIEIAIS D
#£2 4500 KATIEIBUS /RS SO LI (%)

o g - KU REEAML | S BN | mkimge | Rkiade A T
HPORTS e T e e | ik | i | B | e | m | SR
1 3 | 25| 35| -2 9 -6 -4 -1 2k
2 A 5 | 2 | o [T 55 2| bkt
(1) | (-15) -
3 4 | 15| -2 -3 -6 -8 2.5 -3 ak®+b
4 (_f_;) (f‘;) 4 | 25| 8 | 7 | -45 05 | ae*+sastE

T R, D02 3y B2 8 SO B U T, M RS W S 2 R,
P2 5 13 27 4 obsy FET L IR BRI, JE 4 krts FORKRLSBUALA I8, T4 real
ARG P 25 SR

77T obsv | "o
M e T ks | R :_ 3"'““. 1
108k |4 TAgsreaI :,, :,, .‘#' :,, J %)
T 2
R R ol R S -
! A R R R T g
. ’,M‘ 5
102 ; “ﬂ e 2
“ ‘
1.00 h“‘“
0 500 1000 1500F|iz;);0t CZySgTeSSOOO 3500 4000 4500 F|Igh t Cycles
K2 FTKRLSHEKFHE LN BEMNRTREAHEIR B3 R TKRLSHEKFHE L MRS H 1450 (B
SR (B E2) HHE2)

R 222 T B 3 2 R DA RS Bl THE 1 22 05 R AR 22 8 AN (sum(RMSE) T 575 1%
(1)) B R 45 TR 3

\/kfoo(swlk 1k)2 \/kfoo(SESk )
sum(RMSE) = Fot (11)

4500 4500

333



£

ATLANTIS J . . . 5 vol i
PRESS Advances in Engineering Research, volume 155
*3 A MR IR B A
HFpPiE1 e 2 e 3 HFiA 4
ik [ W Bk ik
i s sum(RMSE) i s sum(RMSE) i s sum(RMSE) ot s sum(RMSE)
KRLS-EKF | 2.2477 0.02194 2.2449 0.02360 2.4391 0.02143 2.3099 0.02237
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