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Mechanical Fault Classification of an Induction
Motor using Texture Analysis
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Abstract

This paper proposes an algorithm using vibration signals and texture analysis for mechanical
fault diagnosis of an induction motor. We analyze characteristics of contrast and pattern of an
image converted from vibration signal and extract three texture features using gray-level
co-occurrence model(GLCM). Then, the extracted features are used as inputs of a multi-level
support vector machine(MLSVM) which utilizes the radial basis function(RBF) kernel function to
classify each fault type. In addition, we evaluate the classification performance with varying the
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parameter from 0.3 to 1.0 for the RBF kernel function of MLSVM, and the proposed algorithm
achieved 100% classification accuracy with the parameter of the RBF from 0.3 to 1.0. Moreover,

the proposed algorithm achieved about 98% classification accuracy with 15dB and 20dB noise

inserted vibration signals.
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Fig. 1. Fault Diagnosis Algorithm
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Fig. 4. Direction of a reference pixel

A= W

71 A7} Az Ao g k(0° 45° 90° 135%)0l] 9|
5 FE AWt e

3. SYM

SVM(Support Vector Machine)-2 sj&E<14] o
AsE B 2 Fsker &8EH, Foizl Ak kil
(hyperplane) & Ztohfjo] S~E ER/ste Wiolrth 1
g 5= Fol HolE ] tis] HP o2 BRHeks dE HoE
o} SRR 28 59} gl it A 2
7357 wed], ol Af- A T (
o] &3] Fojl Hlo|EHE 1A FIOE AVIAIA &7
t}. %422 polynomial function, Gaussian radial
basis function &°] JoH, & =Fres dikdoz =
2 EF A%T Hole Gaussian radial basis
function(RBF) & o] 83l9t}. £ =FollA] &43l= SVM
°] RBF A4 &5 4 (D)2 Jerd 4 doh13).

r'_rlr

sv; — sv P
k(sv;, 50, ) =exp(————

AL F k(sv, sv;) A svy, sv,5 43 54 WE o]
1
o

o, o BREY 71 A gael 2 2Ya) Sa) Ak
A7} AABR= wjs) Wdrolth. o gkol ek B8 Aol sk
& UAER B eRdie 28 #9¢ ERdlE A2 o

&g e,

X, .
s
® o’?.\/ /%'X
® o “
L - 7o
® s o 7
& k4 I
€3
L J ‘,‘ A
[ J e
- s
P & £ /o
P o o
Ve s
- - O O
e Ve
Q
. o O
rd Ed
Kk -
e P 1

I8l 5. SVM Z2lx &/
Fig. 5. SVM class classification

a9 62 ¥ =il 2 f9< ERshket d8dhe
ﬂ% 741Z = &
7164 = o %ﬂ%é TRAME Ao AHE 5
%iu}. olglgt BAEE FH3ka SVME 883te] T /) o
el Y 2g BR3P 8l 2 SVME she] Feas o
£ SVMe® RRIES AT

Input

classification

T3 6. tfs A5 SVM
Fig. 6. Multi-layer SVM

oftt
il
N,
off
2
fol
1o
r = 2

oft
2
i
ox
oz
=}
<
of
o
¢ dd o ox rf



A7 BAE o8 = 4

719 71AAR A% 5 15

(o}

(d}

el

O 7. TE AEo| Hastk: (a) am, (b) bs, (c) fb, (d)
no, (e) pm
Fig. 7. Images for each Vibration signals: (a) am,

(b) bs, (c) fb, (d) no, (e) pm

Ty 39 8ol yehlie 2z 2ol am¥t pm¥d 5
am@3/del ¥ FH7H wol 2PHE AL ;1T F
et 7 el el 7 JA 74 & ), ame] Al
% Z7](magnitude) 7} pmell Hlat] Auldeg 2415 &

4e EFeaL glom, am 4139 4 HUighe] Aelrt

pm Az Bls] 2 A& & 5 Sk

(a) amdrt (b) pmd&t
2 8. amat pmate| 25 *io|
Fig. 8. Difference between am and pm images
pattern

am, pm B4 28] bs, fb % 24 NS 17 54
o] & vEiliE A 28 994 HolE

(a) bs
2 9. bse} foate| 5| xjo|

Fig. 9. Difference between bs and fb images

pattern

TEHOR FYE ATk FA Aol tﬂﬁlﬂ FreA
%“.—ol VS & F Ak 018 Bl F Aze A7)
Z7b uiE] dAEke B 4
9%717} bsell ¥l b7} & AL Al
7t AAH o A7 2 *Lb?:-z— Po] Z3katn vk A
& gieh w7 Ul
Y PAske gA kel Aozt da, 7 frEe
FHzhe AMFH7 2ER o5 9% 94 A A F&2
S35l iz AErle] e Aol AMgE 5=
ERAAE 98E 2% 2159 9ol Yehle Ty

A ii?ﬂ | Sla Felo] A T’JJ‘ﬂ(Contrast) 52
4

rm rr

Contrast = E pl]
i,j =
Fhtropy = Z lnP
ij= 7n*1 (2)
Homogeneity = E L
=0 1+(i—j)?

_ @i

(7
ay o Fa, g,

dolelo] v 5448 F5E 919
4 R 155 399 34 %9
TEUA Yol 7 228, P
¥ 93 g veri,
a% 108 FxShe B0 PR FEE 3

Contrast, Homogeneity, Entropy 532 &3

= @?ﬂ(normahzatwn)

}‘\_1:_

Hod

u ol
HN 1o

it



Journal of The Korea Society of Computer and Information December 2013

16

Ew@ﬁ%wiﬂﬁoa%?
=) w0 T = o
TP ETg 2T
o o)
FewTIELNE L
o Ewa E o o) ‘Iﬂr_ﬂﬂ% ‘uA|‘|o.
. U = oﬂaimv%q%émﬂo%
2 2 o z_uwufﬂﬁmmémﬂ%]r
o - =N EM Haaﬂﬁﬂnm%
4 i : 3 o Stz lateas
: Sy (B8 A T S il
2 Hmi S ﬁ.]ﬂd ﬂ,|oon#_oo
L g ® g aﬂdlo]m./ualﬂll#.lﬁ
== EL s T ol gy o & R de
g B . [ ﬂm‘_du,lﬂo.uﬂLﬂ%ﬁﬁaHo
. 2 3 8 x A SHFEIEPe Ty
& — = OAT,AE <
- s g3 3 - Zlrerg S
3 s Sy = W%o_zaleﬁaMzOuaW
) 2 5 il va_xToﬂmeﬁomﬂ]
< o [
S R L TEEE D Sgh
= s Se oyt EX S ee R
S %5 E g 83 - E Chil o pFRLT TR
5 % R 2 g8 =2 i >3 Hﬁ o= Mook W S X g o X
HRenueg 1sBIUOD Qo X Moy X EW ooy SR ooy
B4 ~ W o ook W oX
> 5 -
2f2 T g8 MmEsa P Eg T dEH
2z .o o =3 B R o K WK S T oI = W o) W
= o e E.#ﬂ_oll o SHL - .aedl =)
= o s i Top T a Y wm
o £ g H ol Pre T T ITE
g 2Ry wEE %ﬂi%jmmﬂoﬂﬁaw
5 2 AT Eme ThprdH® saq
= g kP ude TTEFRTTED
g - Moo om ow W 7%ﬁowﬁ_@mo§ﬂpﬂw
s ] . o = o= o <R =
. B s 978 BaRoigTE Ao bx M
8 s 5 woioriaﬂﬂ mﬁmﬂ7,z?iﬂaﬁ
- i TRE g W ,zﬁﬂ\mnﬂ% W
S b ° of ARG
& M_Hoamﬁmwmeﬂowmilf.ﬁnowAT_oM/Emﬂ
£ o 0 4_.onnlau€.w3ﬂﬂﬂo_u S
5 g Be» lppsidopiedds
= . %E_LME%%@ N B I
LU 5 = N — N M < E %o e g
=) =) = =) oM~ nmE .I‘D|.I ;O# jl — _z EO 0 C.:| ‘ﬁle ‘mﬂ ‘WT ‘mﬂ O#E UT_
g8 % 8§ 8 &8s mﬁzﬁﬂ‘WﬂﬁmM%gﬁ@%%%%wﬂ
SR 1SEIED THT T ddagx S pHmeaw X
TR o, TS B MR
ﬂomﬂo_uAToHoo_uﬂiO;]o*x nLobw;oA
m Ry o W WS Ry ook 7 e ok
o Mr 9 o OV X = & = = - X o —
o T S §0 § X 5
ﬁu.ahi,%uum%ma@s,p..mammﬁé
ThE R B iAFw ExT W



i,
N
N

M

4%

o

o,

op

o,

b = AF71 7IAA A% B 17

B 1. &Y FE0 SVME olSEt 2 =F M5

Table 1. Fault classification performance using the texture feature extraction and SVM

SNR 3|_gme_1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Elne
am 96.25 100 100 100 100 975 975 975
bs 97.5 100 100 100 97.5 975 975 975
A fb 100 100 100 100 100 100 100 100
no 100 100 100 100 100 100 100 100
pm 100 100 100 97.5 97.5 97.5 975 96.25
¥ 2. T20| e oM ZE 2R M5
Table 2. Fault classification performance with adding white Gaussian noise
SNR Sl_gm? 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ERine]
am 85 98.75 98.75 100 95 97.56 98.75 95
bs 100 90 97.5 97.5 100 100 98.75 97.5
15dB fb 98.75 88.75 98.75 975 100 100 94.11 97.5
no 100 98.75 100 100 100 100 100 100
pm 93.75 98.75 93.75 97.56 96.25 91.25 93.75 93.75
SNR Sl_gm? 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
ERine]
am 98.75 98.75 100 98.75 100 98.75 97.56 98.75
bs 97.5 100 100 100 100 100 100 100
20dB fb 97.5 100 98.75 100 100 100 100 98.75
no 100 98.75 100 100 100 100 100 100
pm 100 97.5 98.75 96.25 97.6 95 98.75 97.6
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