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Wear Debris Analysis using the Color Pattern Recognition
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Abstract - A method and results of classification of 4 types metallic wear debris were
presented by using their color features. The color image of wear debris was used for the
initial data, and the color properties of the debris were specified by HSI color model.
Particle was characterized by a set of statistical features derived from the distribution of
HSI color model components. The initial feature set was optimized by a principal
component analysis, and multidimensional scaling procedure was used for the definition of
classification plane. It was found that five features, which include mean values of H and
S, median S, skewness of distribution of S and I, allow to distinguish copper based alloys,
red and dark iron oxides and steel particles. In this work, a method of probabilistic
decision-making of class label assignment was proposed, which was based on the analysis
of debris-coordinates distribution in the classification plane. The obtained results
demonstrated a good availability for the automated wear particle analysis.

Keywords: wear debris analysis, color, multidimensional scaling, probabilistic recognition.
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Fig. 3. Examples of color images of standard wear debris.

X;i— X
02

where ¢

(2

Xi =

%, standard deviation

olgA ol HFMEY Ze dole
9

Zg-& principle component analysisel] ¢

d A48 Gk ol T e T
A9 el oS 2, 33 Ao B

Aol JtsdteE ste HEJAA Y T 7]
WMo Fig 4a)d] B So] 157 <A}
9 E4lo] 2709 s.4d we AR
¢ F vk FAHLZRY FAAF
A9 FAE AXE RoeZ AR
#el WstE Fig 4b)e] BAF1 gl
. Threshold value 0.75 ©]%¢] A7k
ARFozH AnHo=
median), S(mean, skewness), V(skewness)2}
5708 F2Q27 dFH AT

£ o g ap

H(mean,

57

42 HE Q14

B QTN ERADA s
Azte oiFd EE dolHPTLS @A o
d BAg AA 3049 olmAs & B
H54g Fdse sAY Fadsde T
AEAT. G714 ol ded FAF
Yz olgold dolg el AAHe
2 B4 7ted 23 T3CA o9
F ool ¥ EE JYehests 471 9
dol HEANIYE EASFATE

I 2719AE, 30788 BEE AZ o]
off fAHEe AEE +AMoz EAH
7 et BAY A Ads 2ReE
7 dutAHolm A A A (3)9
Euclidean distance& A}-&3l3c).

1[ 2
€p = gl(xik“ b))

where xik, xil: i-th coordinates of the

4359

(3

k-th and I-th objects



-1 -
-t 08 06 04 02 0
Factor

02 04 06 08 1

(a)

2 4 1 1514 7 6 113 8 9 125 1013
Number of feature

{b)
Fig. 4. Principal component analysis.
(a) factor loading (b) screet test

S ERIE
MEo|m A AL, ZF AEY AYe
F AET fAAE £XE FETE
dejgn. AAHo2 x7] EE dHelH
AT 2 30x30 o HAYE2 TP}
EE AT ovAERY #ASN £
Al delo] goz FHHW, ojefd
2UE §AEAN AZHoz
d 7hsd 2x Y Fge gezm Jg
23 e BAL TAGG. £ A7)
ME olg {3 H"EAAsIHe & oy
Q wbE, ZApsh Wl digste At
27 (multidimensional scaling) 7} &
A3 ot
A=A LYY & ZAE 7))
AFer] QG o PP AFe 2E

gl

=
=

[e] A=)
A& 7

£

I\j_}'gl‘)

58

423 oz FEdY. Az gy

2 AL mre] EA1EA Huz o9
Bt A8 4 @ 2o FA¥E A
Z9] loss valueE AM&3+r).

¢ = zl Igﬂ(D -

where Dy

Dy’ )

: observed distance

Duy: reproduced distance

Thepol) A7) glol 348 FER Ay,
72 WA dolezty #AS 239
TN g A7 e

& elujgich. Fig. 59 307) EFoln|A S
o] 2x14%4e] dHeoly #£EXE elia
e Fig. 59 A=, 27} FEHEY
dlol8{ R jto] Dimension 1& wa}t 3719
FHLE EFE 4 UeE BAFEG
Ade vz ZHEAHE ZE o

o]

o 735 HHAAIEE Tl g™
22H FFOA F FE JFEoE N
=% BEYXE Zed:E AL 9nd
ot 7 dgLe F AAME sigez F
BEHeH, Fig. 6 e AANL 71F
o2 Hg AT EFE 5 £ 9
& BAFEa Yt
08 |
] 2 oo e
04 .l [
~ 02 ° e ‘ o | .
I T P B
2 4o .ol I
Q N a
aa] o booom o | .
06 l [ uI
08 ° 1 1
14 08 0.2 04 1 16 22
Dimension 1

Fig. 5. 2-D data distribution of color samples



28
0.8
04

-7
" o Retioxdes
4 o s Darkoedes

oy,
04 , B
06
08

s g7

as
06|

04 Tt .
82 T

02
a

a2 e

84 p
{28
a8

Fig. 6. Classification plane of (a) oxides
(b) copper based alloy

ol g EFuoly EXHEAE Jwte
2, ¥Fstax s AFoluxE XF
olmA &3 wlwsr) A e Fig. 50
vehgle 239 BEXdolE e Astst
7] BRERE dolH P ASS
A7l AEA e sted 43
Fafof gt 2xkgo® FAE E
Hiolel o] EFH W) Dimension
NEog & AAwAAg A

(5) o] AR

A

=
=2
=0

Ea

D; - a0+$aif,-, (i=1,2, n=1...4)
)

fitings] Y29 & DIZoIHe) HEol 4
N

43 ggdsgy

EZdelee dolHEE HPN A 9
gl FTEA dAPHez FEIY A}
£3te Ade i FAH 4 £

229 HE 2] dolele 9
gr‘s& 842 ALsen, 992
el FHoz g3 2
7t 4 £+ 9=, #3

W ooff o lo 3o
ol & 4 \‘.E.
F-IEO{NJ
PURNS
o

T = O o o
N,
2,

)

M
i
ok
O

L

AN
o

ot
iy
Hrz

o]ﬂ

]%3}01
Q%‘QEE}TE’*} xgs
Fig. 7] el
g olg3td AFonA
%‘% b4 e

o
o 8
roof M |y
A2
N&M gy o
H
s

O
o
mio

dr
Hq
i

N

S ST
fir.8

30,
™)
)
S
)

[S3]
2
00
[
i)
Hn
leo

%

EEAES FE29 AA9d 593 9
2o 2 copper alloy, oxide, steel 2}z 24

Ay 12709 MES AAdAT. 4 o]v
9] ZeEt &AL A principal component
1F
0.8
» [
X 0.6}
‘3
S04
&
0.2 |
D —

-1 8 1 2
Dl classificaton  exis

-2

Fig. 7. Probabilistic function for classification

59

of 3 types of particles.



08

0.4 °

Dimension 2
»
°
.
.

Steel
0.4 1 1.6
Dimension 1

Copper Alloy
0.8

-0.2

Fig. 8. Recognition result of test images.

analysis® Z3te] 4FA s/ FaAdA
2 FEHQLA, A (59 LS
o] 43l EFMFZo 2a4 dlolHER
Yoo 7270¢] ZE MES FAIAT
Fig. 8o 7 Z#E BoF3 3t

Fig. 89 A &g M¥rd, 2o 4

EE0] AlY Fgd Ze FHol £EH
Qe dF a8A ‘3%° REE AUt
R Lol E FEd= FAHANA
o duAd % 73%/‘401 Iy ZAg F
AR, AA JAFTHN A B&F 2
Z7Eo] ozle AX EAHFe=z AFH
44 alt}. EZ, UA 7]EWFl FY
o A7l, 29z, B8, A9 AE
5l @%% vE Zete] 54 YT
ZAsA 2kl o] o]FojAoput Al
¥ 5 v 245 95 ¢ Ut &
g, A9 olfR tE p=dANEY
& o]&HE A$, Fig. 8% & EHE
dA R FE Uvke Aot} o9
2¢ HdlAMs ZeEd4E A% BAA
"ol a gt 3R

Zebe ddAded 540 oy d4E
o, 2ol gAE gow & A=Yy
ekl Ze} EEI=F Pe =2 rh

60

olg ol &3 EF =S & 94F A
Astel BAARE T TIE A

HzAL BRE Fgo] Yo ¥ o=
NEELS
6. 2 &
B ATANE SEQARHY Fow
a2 viRYAe] ZHELL £F, o

g olgdt) 4 FRY F& vhE
4Ae 2Hs2A stk %E}E%i-‘e
HSI =4S ol&3den, 2tz 6719 <
AH(mean, median, standard
) -3
Principal

geomedian,
deviation, kurtosis, skwness)E 2
xsgdg. ol dAEL
component analysis 712 %3t 579
FaUxAge 2 AFHY. oA &
ol BEEAE dolHATLS txpdx
ALA7IYe st 229 o] dlolH
BEXZ2 FEHAoH, o FAIA & =9
3t Ze FH/H LYolnAe ¢
=g EXHXE UErEE BAFIUT

Aoz BRYANN AAdoze
FE ol8d FEUEFSFE ol&F o

47 A
Y, EF ZIHERYEE VW=
72708} HEoluiAel di¢ EFEA &
)

ATNA ALY A B AYAY
Aol ZeoluNE BH EFYNEF

o glol o= BEY FAH FEEol
= Aoz Ve

2 7l
2 ege Frers AQads A
ARAFANReE A9, TR



9.

o

a

Ha
e

Williams, Davies and Drakes, ‘Condition-
based Maintenance and Machine Diagn-
ostics’, Chapman & Hall, 1994.

Wear Particle Atlas (Revised), Daniel P.
Anderson, REPORT NAEC-92-163,
1982.

. Trevor M. Hunt, ‘Handbook of Wear

Debris Analysis and Particle Detection
in Liquids’, Elsevier Applied Science,
1992.

BJ. Roylance, LA. Albidewi, AR Lixmore
and A.L. Price, "The Development of a
Computer-aided Systematic Particle Analysis
Procedure-CASPA", Lubr. Eng, Vol. 48(12)
, pp940-946, 1992,

. Kun Xu, A.R. Luxmoore, "An Integrated

System for Automatic Wear Particle
Analysis", Wear, Vol. 208, ppl184-193,
1997.

. W. Uedelhoven, M. Franzl and J. Guttenber

, "The Use of Automated Image Analysis
of the Study of Wear Particles in Qil-
lubricated Tribological Systems", Wear,
Vol. 142, ppl07-113, 1991

. dt& A “Neural Networkol] &3 7]#)

&¥ve) wRR A4, FT 283
A, Vol. 12, pp65-71, 1995.

. Gonzalez R. C, Woods R. E. 'Digital

Image Processing', Addison-Wesely, 1992.
Cox T. F., "Multidimensional Scaling",
Newcastle: Univ. of Newcastle, 1994.

10. FHY, &94, T34, A Ya

Grigoriev, "YAFEE FHF S
& EAR 2AFAA #FE A7,
29883, Vol 15, pp206-211, 1999.

lo

61



