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A GA-L SSVR compensation for/ on‘boar d saf tuning model of
aer o-engine model

LU Feng, HUANGJin-quan

(College of Energy and Power Engineering,
Nanjing University of \Aeronautics and Astronautics, Nanjing 210016 , China)

Abgtract : '\ The accuracy of ‘aero-engine model-based fault diagnossis directly influenced
by the matching accuracy between the self tuning model and real engine. The parameter se-
lection of support vector regression by adaptive genetic algorithms was proposed and applied
to the realrtime onboard self tuning model , thus effectively improving the matching accura
cy. After analyzing theinfluences of parameter selection of support vector regression (SVR)
on the performances of the SV R model , optimal parametersin the given region were selected
in the search area by genetic algorithms. Different methods such as back propagation neural
network (BP-NN) , SVR, adaptive genetic algorithmsleast square support veitor regression
(A GA-L SSVR) were compared in the compensation of aero-engine model error; the results
indicate that the proposed A GA-L SSVR is most feasible.

Key words: aero-engine; on-board self tuning model ; adaptive genetic algorithms;
least square support vector regresson

[1-2] [5]

[34]

:2008-04-01; :2008-12-25
(1981-) ,



881

4
,Broth-
(6] , , AL B
erton Ax:[o 0-|Ax+|:0-|Au+w
, Ay=[c MAx+DAu+v (1)
: : u=[WFB,As]' ,
, . y:[NL,NH,p4,T45,pa-.|T, X =
"(svm) Vapnik [NCNH N Noom Nee Nl Au=u- w Ay =
90 Y-y AX=x- %,
. W
] ] V y
, Q R.
: AL
M:[ JA&+[jAu+ Kay-Lc Mad
SVM , 0
: Ay =[c mMAx+ DA 2
, X,
[89]
(LSSVR) \
, SVM , ,
L] Sg y
L SSV.R ;
(AGA) ,
, A GA-L SSVR 1
, LSSVR : A GA-L SSVR
1 1 u y y
. BP-NN,SVR,A GA- Ay A GA-L SSVR ,
L SSVR , 5 ,
A GA-L SSVR 1 0,S R, 5 L SSVR
1 H
i b 5
[10], 2
(NARMA)
] A‘y’(t):f@y’(t-l)v )
3 ] Ay’(t_ p):u(t' 1)1 1u(t_ q)) (3)
: p (AR) ' q
A GA-L SSVR , (MA)



882 24

u R

- AN
~ H
ANH i
>|  LSSVR2 5 5
. @ —
21 LssVR3 AP, ft
ol LR kR
AT, 173 . B
o] LSSVR4 : it
R
AP
+{ HLEK (38 A LSSVR 5 s

1 AGA-LSSVR
Fig.1 A GA-LSSVR online learning model

(o4

Y R AENE

AY L(w,b,e@) = J(w,@\-

e{AGALSSVR BIE R,

KR & ki 2%

klzo‘k{WT(P(uk) +b+ea-A NL} = 'JZ‘WTW+

2 _l_ | | . )
Fig.2 Structure of real-time compensation of 2 SkZé - kzak{W(p(Uk) +bte-A NL}
the aero-engine model (7)
2
ol oL _ oL _ a _
. ow=0" =% e 0 &=
(8)
, N , 4 (7) w.e,
) T
{(UJ.,ANLIV), ,(U]ANLII)} RSXR, |:0 hh ;||:2-| :|: OC| (9)
| h Y +St A N
A N u AN. = f(U , AN :[ANLl’ AN’H]TvlleTr
' |
AN b 1x] A=, o]
u , | x| , i j
@ (u) P (u) .
f() =we(y +b (4) Mercer
¢ ) K(u,u) =@(w)e(w) ij=1, 1 (10
: ,LSSVR :
y |
AN = kZGiK(u,uk) +b (11)
mnd(w,9 = =w'w+—s Zé (5 q
2 2 Sgmoid RBF , RBF
St.AN, =w -@(u) +b+ea k=1, I ’
(6) : RBF
w , b ,
,& LSSVM RBF

S ) RBF



4 883
|2
K(U,Ui) - eX[{- |u—é-2u||_} (12) (14) ’
A GA
maxJJ = T- MSE (15)
LSSVR ' T , T > max MSE.
S o
s [ wAngrs |
NG s !
[, ey |
H 1 S 1 'Ij
. o
Gauss | LssvRaAk% |
t (12) 0- b
| AT 8 4% B 1k
- IEERCTTEE
) ) R 2 No
PEAGHE R
YES
, [ #LssvR 2%\ |
) LSSVR
HOTHLE BOE VA AR
[11-12] P
3) AGA-L SSVR
Pr Fig. 3~ Modédling algorithm by A GA-L SSVR
f Pe. Pm,
favg y
Matlab6. 5 ,
’ A GA-L SSVR
' , W FB
A GA-LSSVR.
, . P, Pn
900 s ,
200s, 900s
(Pcl l P(:Z) (f - fava) f > f
) Pa- froe - fom 2 fag A GA-LSSVR :
Pe f < fag 900s
. APm- Pe)(f- fa) , 200s, 900s
=< frex - favg = t=0.02s,
P f < fag 2000s,
(13) , A GA-L SSVR
AGA LSSVR 10 1, | =
3 10000 ; ,
A GA LSSVR , | = 100000 .
, MSE NARMA
. 1 : (ANL -AN'LJ 2 p=0, g=5.AGA
MiNMSE = Z — (14)
I« ANLk 50, 80 ,LSSVR



884

SO
[1,200d ,[0.01,1d |,
10, Pe =0.7,P2 = 0.5,
Pm = 0.05, Po = 0.002,R = [ 0.0012,0.001%,
0.001%,0.0014 , @ = [0.0012,0.001%,0.004%
0.0004% ,0.0004%, 0.0004% ,0.0004°] .

, 5
LSSVM 5 SO ,
1 5 SO
1 SO
Table 1 Optimizing parameter SO
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