1 1 2 1

1. , ,210016 2. , ,100076

(engine ail filter monitoring sys
tem ,EOFM S , .

:V163.6; TP277 :1004 —132X (2010) 07 —0827 —O5

Aero- engine Wear Sate Recognition Based on Image Analysisand Novelty Detection
Tan Zhenzhen" Chen Guo' ChenLibo® Li Yun'
1. Nanjing University of Aeronautics and Astronautics, Nanjing, 210016
2.Bdjing Aeronautical Technology Research Center , Beijing, 100076

Abstract : An automatic identification technology based on engine oil filter debrisimage wasinves
tigated. Firstly, characteristic quantities of oil filter images which can reflect wear state were extrac
ted with the maximum entropy method and mathematical morphology method. Then, oil filter images
that can reflect normal state were collected, and the normal training sample sets were constructed
through image analysis and feature extraction. Finally, the normal domain of oil filter image was ob-
tained through normal training samples usng novelty detection, and to identify the severity of the
wear state of aero - engine according to the normal domain. Besdes, the self - adaptive parameter of
novelty detection was obtained by genetic algorithm. Engine oil filter monitoring system (EOFMS)
was developed, and the recognition function of wear debrisimages based on novelty detection was re-
alized. Besdes, the experiments using actual aero - engine oil filter debris images were carried out ,
and the results show the eff ectiveness of the method.

Key words:aero - engine;wear monitoring;oil filter analys s;image analys s;novelty detection ;ge-
netic algorithm

[1]

[23]

[4]

[5-6]

20 70 , (7]

:2009 —07 —16 ,
- 827 -



,,

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net

21 7 2010 4
[812] ’ , .
) , 50mL ;
(engine oail
filter monitoring system,EOFMS) |,
1 2
1 ( )
501 ml 1
5@ m , )
, [56] 2
1 3
300 ,
, la
DH - HV1302UC (a) (b)
, 640pixel x 512pixel Uss 3
1b (1) ,
1 O H
0 [1] I,
S 0 ,
S= N = f(i,j) (i,j)) 1 (1
2,2 )
,N| 0 )
f(i,j) ,
o ., 1;
255 0 ,
0 ’
(2) A B(A),
B A
, A 17
B(A) = A- (/OB) @)
B ( )
AMB B A
B(A) Q ={Vvi = (x,
(a) (b) y.) | i = 011! ,N - 1} ’
2 P,
- 828 -



P = Z " Vis1 - Vi " (3)

, S
P 1
, (S, P)
3
[8-12]
= = {x1,%, ,X},
R, a, :
mnL(R = R (4)
st. R-(x-a(x-a"=0 (5)
(4) (5) L agrange
L(R,a\) = R - 'Zai[Rz_ (xi- X -2a x +a-a]
(6)
A={} i=1,2, ,N
o Lagrange o 20
(6) ,
max L = aiXi -+ X - o X - X; 7
|Z X X |Z JZ x X
N
_Zcxi =1 a; =20 karush
- kuhn - tucker (KKT) N
0, a; > 0( ),
a; ,
N
N a= _ZO(aXa,
) R
Z,

(2 =(z-a (- a7 =(z- Jox) -

(z- ‘NZOhxi)T =z-z-
2 NZUiZ- Xi + NZ NZanXi' Xj (8)

f(2 >R z ©
f(2 < R z

z

N NN
max L = .Zqu(Xi,Xi) - Z .ZC(C(]K(Xi,Xj)

) i i j (10)
s.t. Z(Xi =1 0<a; <C

(8)

N N N

f(2 = K(z,2 - Z_ZoriK(z,xi) + Z _Zaa,»K(xi,xj)

(11)

4.1

f(2, f(2
R , R,

GEURRAE| [ STEF

E WNE] [ e
: RKHA J iﬁf:fj - T e AR

BN
hF

EEA BlLORAK] [

Lagrange 3 %{
S IS RNR -
BF K B S5O A T ! | i :
o] [ | o] Tuwl [omal!
Hmi |l S0 ol e ST Lo ool B A
: % JT & B, K W, 2 T4 !
0t 0 = J ] LJ L |

4
4.2
EOFMS,
, 110
40 , 150 )
110 , 55
: 55
40
S P t
[0 !1] ’ S p,
(10)

K(x,y) = exp(- I x- yll?/c?), o

- 829 -



1.2
1.0
0.8
’ Q 0.6
C , :C = 0.4
N 0.2
ZO(i =1 0 <a < C, .
i —0.2 0.2 0.6 1.0 1.4
c<ul . c>1 s s
, a < C, (80 = 5.0 (o = 1.0
/1l c<s1 L2 L2
1.0 1.0
C , C o 0.8 o 0.8 @
0.6 0.6
, q ﬁ 0.4 fé 0.4 ﬁ
0.2 0.2
) 5 c 0 0
( ' —0.2 0.2 0.6 1.0 1.4 —0.2 0.2 0.6 1.0 1.4
- 02 12 5 HR s HR s
o 07 (0o = 0.7 (do = 0.2
1.2 1.2
1.0 1.0 6 (0}
o 0.8 ~ 0.8 1 C o
W 0.6 WK 0.6
m 0.4 B 0.4
0.2 0.2 C a (%) (%)
0 0 0.2 21 67.3 100.0
—0.2 0.2 0.6 1.0 1.4 —0.2 0.2 0.6 1.01.4 0.08 0.7 14 78.2 100.0
T s HR s : 1.0 13 81.8 100.0
(8 C = 1.00 (b) C = 0.50 5.0 14 83.6 100.0
Lo i3 0.2 17 67.3 100.0
Lo 10 010 0.7 11 70.9 100.0
a 0.8 a 0.8 ' 1.0 11 83.6 100.0
ﬁg-i i‘tf gi 5.0 11 83.6 100.0
0.2 0.2 0.2 16 70.9 100.0
0 0 0.7 94.6 100.0
0.50
—0.2 0.2 0.6 1.0 1.4 —0.2 0.2 0.6 1.0 1.4 1.0 98.2 97.5
M s MR s 5.0 2 98.2 92.5
0.2 16 70.9 100.0
(6 C=0.10 (d)C=0.08 0.7 5 94.6 100.0
5 c 1.00
1.0 2 98.2 97.5
, o 5.0 2 98.2 92.5
o ,
, 6 6 cC=05 , [13] ,
il C ’ y
o
, 1 , C o
1 C , : 0<C<10 >
, o 0; , C o
, o C o ,
; , C , )
, ,C )
C 0 y 1
’ , R R
s Vobj = R + RZ,
1 C !
o , R = Rl + RZ,

830 -



100,

07

AEXT BE RS SV

20, 10,
08 005,
cC=05,
, 55
R =0 5309
1 7 b
1 1,
1(
1 ) 1
94. 6 %,
100 %, 1
3.0
ot
2.5 ;H;,* i N
2.0 * *
ﬂ*
L5k * #* ., * "
e ik
A D SRS S 4 o
0.5
0 10 20 30 40
HARS n
+IGEEAR « RERA I EEEE

7

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[M].
,2007.

Nelson |I. Compact High Performance XFS Instru-
ment for On- line Real - time Wear Metal Analyss
of L ubricating Qils[ C]//JOAP International Condi-
tion Monitoring Conference. Mobile, 2000: 99-108.
Podsadio P, Stachowiak G W. Characterization of
Surface Topography of Wear Particles by SEM Ser-
eoscopy[J]. Wear , 1997, 206(1) :39-52.

[C]/ /2006 . ,2006:
119-121.

Sahoo P K, Arora G. A Thresholding Method
Based on Two - dimensional Renyi’ s Entropy[J].
Pattern Recognition ,2004 ,37(6) :1149-1161.

) , . [3].
,2004 , 29(2) :152-156.
Gonzalez R C, Woods R E. Digital Image Process
ing[ M]. Bejing: Publishing House of Hectronics
Industry , 2007.

Haggett SJ, Chu D F. Evolving Novelty Detectors
for Specific Applications [J]. Neurocomputing,
2009 ,72(10/ 12) :2392-2405.

Tax D J, Duin R W. Support Vector Data Descrip-
tion[J]. Machine Learning, 2004 ,54(1) :45 66.

Larry M M. Maik M. One- class SVMsfor Doc-
ument Classfication[J].Journa of Machine Learn-
ing Research ,2002 , 2:139-154.

Camci F, Chinnam R B. General Support Vector

Representation Machine for One - class Classfica
tion of Non - stationary Classes[J]. Pattern Rec
ognition 2008 ,41(10) : 3021-3034.

, , . SVM
[J1. :
2007 ,43(20) :37-39.

[J]. ,2007 ,26 (3) : 347
350. ( )

, ,1986

,1972

, 41972
, ,1983

831 -



