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Abstract

In this paper, we design fuzzy inference-based deterioration diagnosis system through different image for rapid as
well as efficient diagnosis of electrical equipments. When the deterioration diagnosis of the electrical equipment starts,
abnormal state of assigned area is detected by comparing with the temperature of the first normal state of the area.
Deterioration state of detected area is diagnosed by using fuzzy inference algorithm. In the fuzzy inference algorithm,
fuzzy rules are defined by If-then form and are described as look—up table. Both temperature and its ensuing variation
are used as input variables. While triangular membership function is used for the fuzzy input variables of fuzzy rules,
singleton membership function is used for the output variable of fuzzy rules. The final output is calculated by using
the center of gravity of fuzzy inference method. Experimental data acquired from individual electrical equipments is
used in order to evaluate the output performance of the proposed system
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Fig. 1. Detection of abnormal area
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Fig. 2. Structure of fuzzy inference system

A7 FE A

=

2®o] FRE BolFErl of7|A,
t=(i=1,2---9), W= +=3%
D*= singleton©]t}.

If-Thend Aoz F2& Mg
o}, So02 Bga Thende Zwk
B ARY SO Btk 1 F w4 itH HolRe ¥4
e ANy el Wiy Fegus 42y Jes
S, FUE FHuse] Wu4 G 35 Wy
= 5 7
A

=
rr
= o
X,
=
M
lo,
a
i
k1

d=A]
al

€ e 1

ut

7 57 149 FEgke v WA
Hae AHgstel FEAN e
A w4 g vhe 29 23 2.

Low Normal High Fall Maintenance Rise

0 X1 O X2

a) AW w4 B4

Normal Caution Deterioration
y
0 1 2
o) Fuky Fehade] ww4y g

a7 3 HXA FEo "Held g

Fig. 3. Membership function of fuzzy inference

Ty 39 AN W 94 gel e Y 9 g
F g A e v A 29 2k

R*: IFz, is A, and x, is B, THEN y, is D (2)

ANM, R kdAel WA 3, 4, B 7 g
A4 WAE4 HE gk g el F9, DE a7t A
B8 WEG 0 g9 g2 oJulshs ol ¥ =R 3
DEEEEIEE



¥ 1. look-up Elol=
Table 1. look—up table

2
02
d
mjo
i
o
E
Ral
i
i
N
T
e
_k'Jj
]
ALl
>
>
i
nx
!

2. HX| FEo0| AMZE u2fole HeY

Table 2. Parameters range used for fuzzy inference

Variation of temperature(x,) Parameter Casel Case? Case3
Fall Maintenance Rise Membership of 2,:[55 6] | 2,:[55 65] | z,:[55 65]
T Low Normal Normal Normal premise part | zy:[-7 7] | zy:[-7 7] |z, [-10 10]
emperature N - -
(z)) Normal Normal Caution |Deterioration Diagnosis
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Critical 20 20 15
Ztzte] gtAel glo] duke] £ Aike v AS F temperature (C)

sl el
W, :Procuct{uA,(a?l)vug(wz)} 3)

oA7|A, Wi A A AFE greldt il T 4E
Ay, x WHE R py (1)), py(2,) el & =2
2 ARXgh o] & n] AR 3} A4 F FA T4
of gravity)& AH&ste] F8 ARE deth A

He vheat g,

ol)
.
I

)

B mRAA] AR AEe 28] s 1Y 4ol
wolF i 7|74 A5e L dolHE Agaath

a) Casel & Case2

b) Case3
a4 4. Data #S2 #let 717]
Fig. 4. Machinery for obtain data

Casel2 43} 2A A& ARS8t 7] 30%004 70%

A = dlo]Ejo]al Case2s %7 #HAad
= #I5t7] 98] %7] 30%=0A4 7T0%=
A 490z B9t S HARE T ol AA At} st
A 7hsko] 140x
Aok 2% dlolE] olt}, A¥ o] A3 7} Cased]

ot

=
kIS

Zy A7 93 AEE P F Ay gdo] 43} A
5 4] 98l dakes et dakee AAY 7 99

of thsle] 4 5& T3l AL
TR 4, 100 5)

= X
n A ><2

= . -
8 ; o
70 6 70
5 60
4 5o
3 (40
& > o
o L ]
= Ly
= e
293
18 18 1.8
:
14 e & 14
08 T jos
e e o
oe b s
5 2]
2z 4 24868 g 2 4 g i 4 s
ol st g Az
o T = ;1(_]_1_ =

1%l 5. Casel?| €sixlzt Aot
Fig. 5. Result of deterioration diagnosis in casel

a7 5+ Casel?] €3l 23 5 380% wje] &3}
o A2 Bojz)

59



Journal of Korean Institute of Intelligent Systems, Vol. 25, No. 1

RN 2 48 2 4 8 2 4 8 204

c) o’ g 3 d) €3 Ad A3
a2l 6. Case22| ¥s}b Fct
Fig. 6. Result of deterioration diagnosis in case2

a9 62 Case29] €3l At 23 F 310% we] A3}
At A¥E HojFEr}

1

o) ol AH 49
O3 7. Case32| €3t &G
Fig. 7. Result of deterioration diagnosis in case3

v 2 4 8 B 2

I 7€ Case39 €3} Id A3y} = 60x% we] €3 2
g AnE HolFEu)h

a2]a 7}y Case9 E3l et A3 o|H]X] F a)= AT
A|Zke] AAIZE 2% 0] ]Zlol"’ b= Mg b7 Foteo] +
A Gt 2xolt} ojule 2EE o|&sly d3} TS &
st o) = 4 A we] 2%9 Aolrt vpA] o] et
3 Fekst J9ge] o]nXE HAFEh d)E ol
st JHo 9} Aks 58 P& u 2 A3 o]u]x
5 HojFErh

ZF #xo 43} Ad Ans 53 s 999 d3es
Axt & 4= 9tk 7+ Cased €3}& Wal:= 17 8910
=3 el & 4 9t

60

, February 2015

HOR EEAGE S WHS nEasl
(B4 :20%08 , F2 %08 22 :-70%0OR , A -TORN)

g

——
[] —— 2

—— o

d 8 8

sl

B e s o3 o8
b
F i
]
LY

=]
1
b

g

APZE (0= 2EE)
1%l 8. Casel2| €stg sl Fo|
Fig. 8 change development of deterioration rate in casel

219 8 Casel ] Alzre] Aol whe Wk 7k Joel
Ashe W FolE molFth

HOR EEAGE S WHS nEasl
STOROE , WX -T0%0I&)

(& -20%08  Fo - H0%02 22

g

——
m—— D

Lo o= =}

d 8 8

sl

B 8 &5 8 3

=

a2l 9. Case22| st st Fo|
Fig. 9. change development of deterioration rate in case2

19 9% Case29] Azto] Aol whef Wsh= 2b o9
d3hE W3} FolE HolErh

HOR EEAGE S WHS nEasl
(B4 :20%08 , F2 %08 22 :-70%0OR , A -TORN)

g

d 8 8

sl

B 8 & 8 8

=

H 10 12 14
(0= 24

@

[

% 10. Case32| ¥stg B3t F0|
Fig. 10. change development of deterioration rate in
case3

13 102 Case39]
o] 4938 W3l Fol&

7 oo

Azko] Akl e} W)
RS

fr



@ay (317 2|[12

anz (3115 2|2

EEEETIES) 2]z

.
g
3
h
1
E-
246 " 246
o U B I eE

TR Te T NET A
) = s e

EN

s El 7

a8 25 | %

2318 38| % amm |20 |%

: !
s
i bl & ) il

a8 1. x| F2 7(2F dsiRlE Alg80lH
Fig. 11. Simulator of fuzzy-inference-based
deterioration diagnosis

a9 11 HA| FEE ol&g g3} ek AlEHolE ]
th a)E Aed dsiy FhEtE E8 Bole AAIRE 2%
& HoFE stdolal by A4 AEHe] &4 Hl3] d4A
o] Apol7} WAYste] o] AE] el A

29 A

3T
MAshe ARtk w7 fi

3o,

=] O
gy Ase W 4

4. 4

AN 2 4SS
A g

dlolEle] H5& 32x319 HFEE 2h= 2D
go]
A 225 Hlaste] 474 gk o) Aol
o r ddste AEsta HEE 99
= e vt e s ok wiskE-s ek 27]9 9 dle
HE AR aea, AR 2702 oY dolHE nlge
2 77 G S FPste] AEFE dd] 93t A

A FE 7))

> i
i
i

>
i)
to

_ch—)lﬂol
o 1 E

)
ol
-

8 1o &l
@‘
>
il
>
op
_O‘Lvl
9
)
iy
o
e
Y
[
-
o,
o

L oX X
ot

o rlr = o

il

,d
o 8

it
[o

i
0
o

)
(& IR

B

Lo] ;(ﬂ o}

. rlo
rlo
k
q,

o,
oy

‘

ﬁi—r&rﬁ
m

o o,

ofN i
o%
i
o

B ngd

oAz

B
HNE
Orxgﬁ_l/ni

[

prlv‘
alr
il
K
op T,
_o‘ﬂ

ol
ol

3

o o2

0%
NN oy

%

tlo

oo

2
o2 L
)

SL
i)

o &
ol 0 1

18

1

o

(]

Nt g Ay o 9k
o
o
fie
4

R=)

=)
o
o
k1

U=
>
i)
o
fr
>
=
o

L= g
L=

>

_>4

N

N,

o

it

o 12
ro,

(o]

ofo i

=

References

[1] Oh, Sung-kwun, and Witold Pedrycz. "Identification of

fuzzy systems by means of an auto-tuning algorithm

(2]

[3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

2
02
d
mjo
o
o
E
Ral
+»
i
N
T
e
Job
]
ALl
>
1>
i

z
!

and its application to nonlinear systems.” Fuzzy sets
and Systems 1152 (2000): 205-230.

Pedrycz, Witold. "An identification algorithm in fuzzy
relational systems.” Fuzzy sets and systems 132
(1984): 153-167.

Kurosawa, A. and Okamoto, N. "Automatic extraction
method of facial regions for occlusion faces in moving
pictures.” Electrical and Computer Engineering, Vol.
1, PP. 329-334, 2001.

Oh, Sung-Kwun, et al. "Parameter estimation of fuzzy
controller and its application to inverted pendulum.”
Engineering Applications of Artificial Intelligence 17.1
(2004): 37-60.

Mofizul Islam, S., Tony Wu, and Gerard Ledwich. "A
novel fuzzy logic approach to transformer fault
diagnosis.” Dielectrics and Electrical Insulation, IEEE
Transactions on 7.2 (2000): 177-186.

Malik, H., N. Kushwaha, and A. K. Yadav. "Paper in—
sulation deterioration estimation of power transformer
using fuzzy-logic.” India Conference (INDICON), 2011
Annual IEEE. IEEE, 2011.

Dhote, Nitin K., and J. B. Helonde. "Improvement in
Transformer Diagnosis by DGA using Fuzzy Logic.”
Journal of Electrical Engineering & Téechnology 9.2
(2014): 615-621

Pallavi, Patil, and Ingle Vikal. "Obtaining a high Accurate
Fault Classification of Power Transformer based on
Dissalved Gas Analysis using ANFIS.” Research Journal
of Recentt Sciences, I1SSN 2277 (2012): 2502.

Jadin, Mohd Shawal, and Soib Taib. "Recent progress
in diagnosing the reliability of electrical equipment by
using infrared thermography.” Infrared Physics &
Technology 55.4 (2012): 236-245.

Huda, A. S, and Soib Taib. "Application of infrared
thermography for predictive/preventive maintenance of
thermal defect in electrical equipment.” Applied
Thermal Engineering 61.2 (2013): 220-227.

X X a i

Z' 5 H (Jong-Bum Kim)

20143 : = stal W7)Fste Fshat

20143 ~ A - dgtal W7 Fsta
A}z

woF wd UESA, HA FF A|AH] Pattenit
% ¥A mde

L +82-31-222-6544

. jongbum23@suwon.ac.kr

61



Journal of Korean Institute of Intelligent Systems, Vol. 25, No. 1, February 2015

il-?—%(Woo Yong Choi)

2013 @ &= EHEh A7)& sk Fshak

20133~ A st 7] s eyt
*4*}47‘4

Ao 578 WES A, Granular Computing, %13}&%
A5 duelE, WA 22 A2 5

Phone @ +82-31-222-6544

i1 . choiwy@suwon.ac.kr

2 M A (Sung-Kwun Oh)

1981 AAM st A7) FEAL F8A}
1983 ~1989 : :L/“"}ﬂﬁ:r“\(’d%]
19934 : OJH]EHQLT’L %17]%5}?% ZshubAL

199613 ~1997d : 71}t Manitoba © s}
338t} Post-Doc
19931 ~2004'd : gt A7 HA D G w

47) 2 A5

62

2005 ~ & A - At M 7|59 wae
2002 ~ @A) : th3hA 7)1 83|, Ao REA|A~EES] Hx] 2
EEREE & R K

Aok 1417(] Azl HA -7 HES A, A58 Al 2~H
115 Computational Intelligence, X]'5#¢] 5.

Phone @ +82-31-229-8162

E-mail : ohsk@suwon.ac.kr

)

A Ad(Young-Il Kim)

19834 : }‘/\]T;Hﬁ]—'—! x%y]J—aLJ,} »l—‘cﬂ—}\],

19854 : Sty A 7]Eeta Fehaial

1987~1989 : FAAPA AT A (H 4
A9

19891 : g,q]q]sl-—r Kl 7]—)—6]—37,]. 5’—6‘]-1:”— ].

1989 ~ 1992L4 ST ATAE AENAT 2%
1992d ~dA) - g g W7 Esta wg
2010 ~ A A : G2power(F) A7 FZ(UE oAb

AR Y= AzE, AF Alo] Az,
YA, MEHA Ht T

Phone @ +82-31-427-1261

E-mail : yikim@g2p.cokr

Al



