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Fault Detection of Unbalanced Cycle Signal Data
Using SOM-based Feature Signal Extraction Method

Song-Ee Kim - Ji-Hoon Kang - Jonghyuck Park - Sung-Shick Kim - Jun-Geol Baek

ABSTRACT

In this paper, a feature signal extraction method is proposed in order to enhance the low performance of fault
detection caused by unbalanced data which denotes the situations when severe disparity exists between the numbers
of class instances. Most of the cyclic signals gathered during the process are recognized as normal, while only a
few signals are regarded as fault; the majorities of cyclic signals data are unbalanced data. SOM(Self-Organizing
Map)-based feature signal extraction method is considered to fix the adverse effects caused by unbalanced data. The
weight neurons, mapped to the every node of SOM grid, are extracted as the feature signals of both class data which
are used as a reference data set for fault detection. KNN(k-Nearest Neighbor) and SVM(Support Vector Machine)
are considered to make fault detection models with comparisons to Hotelling’s 7° Control Chart, the most widely
used method for fault detection. Experiments are conducted by using simulated process signals which resembles the
frequent cyclic signals in semiconductor manufacturing.

Key words : Feature Signal Extraction, SOM(Self-Organaizing Map), Unbalanced Data, Cyclic Signal

B A7 BT By dolelel B o BA) dmekzel 4k NS e 5 Al 22 ) ARk

2579 dlojeleh W T AN shto] o] 435K vlolEle] Hlgo] ThE wF:e] ElofEle] H]s) 2A] Xolut o4 §A|
o] 270 ASiEk 492 olojtich 7ol SEE A3 0% S gl oWk 4180 S A A5 BIs) v 71l
ot BAIE sdste] oA B 7S AGaHe AL th9- Fasich B7Y B4 HEL 915 SOM(Self-Organizing Map)

Eniee olfelel 4 e gt 13 = A5 o] 44 dolelel ol dlolele) Was Sk 54
= ¢85 S92 55 719121 KNN(k-Nearest Neighbor) ¥} SVM(Support Vector Machine)-2- %]

%3 l% %é ﬁi OVIFAE FI3l = A3 Hotelling’s 7° Pe|=e} S lmdlth WEA 3ol st
I g 3 ABE HAR S GRS e e ASRIth

A7k A3 Helhdl Az AL oS AR

Aed20124 39 229), HAFL(1A} - 2012 49 259),
H]ZH A AR012¢ 59 7Y)
nH g Eta Ak A G Zstat
F A A AHE0)
SAAA w2
E-mail; jungeol@korea.ac.kr

. SOM(Self-Organizing Map), £7& dlo]g, 7] A5

AAFE 71¥engine) o] Fo] w2t 7]Ao] ofgt it

2RO WA ol B G vAL

T W= ~ T
Aok Adare] S5 Aol 34 Hule) ot 23
30 H9-E =S M w34 299 BA
gL 1351 Qeia= 30| A (stationary) S &
115]'04 %03% _/,\_ o]EE _u_xq X]—H]_,] AH:,HE’- z]_x_ﬂ oz
Heloh= Ao] FQ3cKPark, et al, 2011).
378 1] s weElsl] SisiA W’ gl o
FE Ak 7 A2 9] HiE o 2= thHEF SPC(Statistical

o

H21H M2z 201

21 6%



oN
o
k=
oy
Ral
Hol
iz
O
190
HA
(NS

oy
0x
1z
1=

J:.

Process Control) | =& 1= Zlo]t(Montgomery,
1996). AlEo] AR Fof gk %01{ AES 544, A=
S9 AEY dol, 7, v% 5 54 7Fse WEs Al
S0k offel $24%) 3% Aokl 20l S
03k Qleka W 4 gl BARle] gl 18
reAE Wesls Aol

Ftfjo] o]28] IT(Information Technology)2] W=
gulol A ASE = AARE HolEHE g5k 2ol 7he
SHFCE Ak AlES] EAXE o8k ARG *‘/\17 t
o7 HP"“@}L BEE %}%fi A= 3R AHE
7)ol Meksto] &5 Al A WAIE 7Fs8HA gk ]
A% ﬂu A540] el g A AL 7714
2 71 EAEE 98l A5E 27] Al5(cycle signal)2F F
EtHelAE 5, 2007).

27] e gHo| FAHRE FATHE 4
A A, M 34l Wik} Ak 49
£ 418 95 Soltfed oo @
epd 34 %] A5 oS ma 3

]/KL EA(fault detection)= F42] HAjAQl E7FQ9l
Z710] wAjelel FAE WA A7l 2 ofeke A
-

7] A50] o BBk Aol B ATES Blfe)

“4¢E 78l SPC Mg 2953kt 5] Aot 25E

AR ot PRk WY & 4 gi7] el CUSUM
(CUmulative SUM) I&]%=e} EWMA(Exponentially
Weighted Moving Average) 2|27} 12E i o)A 5,
2007). = 71¥ 25 AR iRt FEFEe aefske] 71
9] ehis SPC ejteo] Hlsl EA|go] F7lsk= Whd =
717} Aojxlol| wief #ej=o] 47t Sofut HlaEAlolth

7] A2 E shte] He|e whejslr] flsiAl chw
A 24 71Re] oG-t} ti3EAQ] HHHE Hotelling’s
7? #2)%, PCA(Principal Component Analysis), ~12]
3! PLS(Partial Least Squares)”} )t} 0|9} Z-& cjzF
A 24 7S oY e 34 HaE aeste] Z=
MAE Belsl= 7)otk Shi and Jin, 2000). ©] ]o)x=
ol FAE fIeiA flelER ZIRIeIAE &, 2007),
SVM-R(Support Vector Machine-Regression)(2r52t 5,
2010), 22201 39 B4 9 SVM(Support Vector
Machine)(Park, et al., 2011) So] AFEAch

7 S 571 419 o WIS skl el
Tole B WA s 9o WSS o)4 7]
ABE A1 217 o B AL ol 7
7] Amok A 7] Ase) ek Aole A% wlsh

_{N

mlo
o

2
2_11‘
2
o
ox!
mlo

[ 80 BEENECISEE

=X

AEHA] oktE 7] Aloe 349 AJH
HHslr] ol ol ATE o8she A ol
J R B = I 8 01% A%
Ielehe *‘111—4 578 Eﬂolﬂ%
= XM%Eﬂ °
B35} Eo}tﬂ oA} Bz HL; AN Z1Th,
A FoNA B Azt o} AT BlEo] A4 2
o] Uz W9 vlgo] AA Aou= ArE £t
o]E{(unbalanced data)z} SHEHZFZA 5, 2005). 43
tlolel= thaat 2 olfollA WF &, 7] A2
A5 ol Ao ofgfeE Adrh. WA EwtE tlol¥
O] 7% o Wl &3t vlolE o] Fazv} o) o]
&3t dlojg o] FaE Yo o) tlolH o] i A
(decision boundary)E B3| T 4 JUthAIA 5,
2006). E 2 HE0 HlojE FEE Aoz AA
Hgshe JE 5o A 9 HlolE #27F FA=
B a4 HFEE AAs] o8& wAIE A Ti(Sun, e
al., 2007).
tlole] B4ty EAIE sidsh] ¢
& FEW(sampling)olt}. E2 F5
oAl oA i FEE sl o Hd—rJ tlolEet w3
(balance) S O|F == dl= A HE FZ(under sampling)
W 4 glo|EE WHEH o R BARSte] thg: HlolE
2}o] #8-S U= A FE S=Z(over sampling) B
o] JTHZHIA &, 2006). Japkowicz(2000)= E++3 H)
olefollA] Fit 32 7el T Ei 23 WA
B 23 A2 R Ve vg Fe) F 1 0
‘%ﬂol tlold EtdS sfask=tl oA e 58

m o e >l e
e [t

o,

v

of

J_]-EH HE 22| B3t 7|E A5 SMOTE(Synthetic
Minority Over-Sampling Technique)7} It Chawla, et
al, 2002). SMOTEZ} 7% Thtf FE 2% WA &
= WZz0] Z7kS HlRESlo] 223k HiHo| o, k-F2A]
O] LTSS ol8sto] &g TS o]RE Aol
A B ol gato] o1 go]EE WAsH= urAlo|t),
SMOTEE 7]&9] ©AE 7|93} 23HA]7] SMOTEBoost

£ AR | = 3t Chawla, et al., 2003). E3F 24
Hlz} HEh001) 2 27 dlole] A2 #at] 9
A HHERS 7|Hte g st FAE 7S Akste
oh Ao #£2 S5 —E— glojEle] AEE AN S

th= Aol Sl Whd HlolE ) 5 g S7HAA
Axtell 2a%= AR l S7Fgtths 3ol Sick

T 3 5] WRE HFEE Laurikkala(2001)f]



2l&) AJorEl Hralel NCL(Neighbourhood Cleaning Rule)

IR
ol Sitk NOL 4 o

W dolstet kL o
% HolElE AT Foll B 25 do] mAS )
Hﬂ: HAjoleh, NCL i

W ol e
TR UEU=S ah 424 5 dlole|e} ths ¥
glolelE FEsh=tl oAl 2 s Uslskictk 4
T 5(2005)2 7 W2 HlolE BlEo] FASH i}Ol
7F Uhs Aol 718 B5q7] sl piAle 9 &
stof EAIRS Tefstglon] SVM s 7S ?‘—1%6
of T E 5 Y-S ANSATE SVM s 71H
= 71E &7 = dolEelA e dE sjEst
ek SHAIYE M 3EE 25 PAS v ol AE

& Hi= dloleof w2t 257719 Aol A FFE
_% 2~ Qlth= thyo] 9tk

l

ATONNE 3] A dolele] 54 AEE F&
0}01 whEA] 34 B HolElel oy BAS et et

S ARIBRIA Bk F Ak SHaelZ % shiel SOM
(Self-Organizing Map) &1e]&-2 ol8sto] 7|9 4
50 oY 438 /Mon % UES A5 9 4 )
= EA] X5 (feature signal)E &3}t SOM A9
T¥(neuron)ghe 7|HEOR o] o] 4} Eﬂol‘ﬂg} Zé"oF gl

CIFl] Sl 93§ ok 2771 gotd o

A BAE W

= A9 2"*"1]/\1 =3 ZAE dsh] St §4

3 35 7NE 3A 2 B4 Al digh &

7] % 10}3}4 = “HLE— ol Ak ol 'R W

o

2. S U= &

S G Albsk] Sl gt e 7HgskaL
L-J5l= uklEl FA(pilot process)S A|Ll5t HHEA|
5782 T El(in-control) =0l Al 3YE|7]of| HE5E=
AT iF-do] A4 Ale W] &8l Extd HlolH
olck. HlolE 9] R} Hl&o| Xpo|7} AA Yehhe &+t
3 HlolHe 2t W5 FHEshol ol l7lel o H]

O O ul=

s 9R0] o UAYO] BT ol 54 Al
ZZ(feature signal extraction)o|2} -2t} obA AGsH
747\1 2 H oL oL Al%‘i’}(ar’uﬁmal neural network)
of Q159 SOM UL olgale] B4 A5 2% 3}
3

O \__
< stk

2.1 Self—0Organizing Map
SOM:E of wzto] 4] QA7) ohe: A% o)
2 dlojele] $AMS ulizsio] dlolele] SAe 914 B
4 QL E 3l= Q1F Ao 2(Kohonen, 1982) S~
E‘]a(clustenng) & 2l4] 2 E2(pattern recognition and
classification), A& A¢<4x(dimension reduction) 2

E3 —%%{feature extraction)s T}oFgH B2 02 &85

o] 2 AuE Holu QltK(Fayyad, ef al., 1996). SOM
© 29 1014 R st 2ol Yot 2E05, 5 A
Z07 A% dd= HAE E(single-layer perceptron)

F2E ;qqu} om}x%o J_«]}dh‘:‘i :[Lxg} q_ /\‘_ =
g=o] A2 = N7 FHo g AR o] QJtt= Aol
ch(aFeke, 2009). 1 1L 6 x 62] 1TE 378 ZH=
% 36709 o 4E oHlo] 1=t SOME
FAEkE woR olfolxl 224 A4 B Wt
SOML £829] 7} 538 BE 9z ey}l ¢
ﬂeﬁkﬂ oY HlolEet E2 S 7= A HEHE
FAgehet) ol TYAA 7 ke Adske AR
2 FAECE 72 WE 2 27 7ke] o d JwE A
k= b4, = ol AlAY %LA AL AR 34, F=
7, A3 oz FAHL] A (competition) T
£ drle] 1 Atmale] A2lE AUl irel olo]
A APt HrolEls ee 54 FHoR Sl 47
T—V‘Ol‘:} aE(COOPCratlon) oM E &85 A
=74 o] diste] A28 AT AEE FAst

71 A8 54 7L ol S oA ol oo
of At 2T o) A AwE AR vy
R 2 S(adaptation) THFoITh. HE TAoIAE S
3 19} o)t o] BT U glof T
FANES T B2 48417 92 ARG B

38 1. 6 x 6 2= SOM A4

H21H M2z 201

24 62 @D



o] & Ft A wHI I e Ee E
o Sl et o 4ol 48 (s, 2009)

o]t &g Elo]Ej7} A7) &
(f”m Zrgr vwkvl),ke {1,2,--+, K}

o

et u) SJepuel o, —

+ 22 EE5ol EAsk= N7 o] o8-k o]
o FErke] i3S 9t A4 ael= HX%Q‘— 7}7}o)
7]‘%_i] H‘]E{'L; w; = (w;‘17w;‘27 : 7,7) ]E{l 2, N}

3 2} sk Sl 0014 1A10le] Ast E grow
7 pAzte] A7 EE 2715513 0] 7P7he el
oz 712 e AFR B AP 84
EQ010)014 AT ARE 745 7 AEE= A
Ze) 5 e ez Helsid.
oloj el wlEje} mE sjEAlsle] $2eE Azs
Atalo] o] go] A4k e Rl 2 S AR

o] oluf} &gk Zh= & 54 7 (winning neuron)

ofe} per)
¢, =arg min |2 —w; | Q)

AL (el oJsh 4 HlolE z, o theEh= SAF
0] Akt 2E 4 dlofE ay, k< {1,2,, K} o
el 52 o] AXtE $A; it &g et vt
7t Q= 9] 7REAIE GulolE SHA Hi=d 4l (2)
oF 22 WAl o g ZYPEHEAE 5, 2010).

wj%wj+at-hi(t,ck)'|:vk*wj| #))

o1
o] A1ge] utet o] W7 FolEA Bek h(1.c,)
S 2 e 1ol HEEE 54 e o] A of
22 UehlRE G402 o2 PISE 2 g2
W GUSE 2 g A, o] E3t Alge] AL
goll wet W FoEL E4E Autk e Wt o
o ws0] 59 A] AgEE 919 F gt Bolol
Flos S0 5% S Yool s .
YolEt 44 el 29l9] iS5 fratat Ak
B T 4 OB AT I WelE FAFO 2
# 5ol BE 4 sl FHS AN

BE glolee] Hste] dlulole TS Aska 4|
() T 38 393 4 )<l 85 3 48 3
& vssto] 98 2% 47 el A%k olgeie] 2
283, 2859 Y AN )3 A
24 Sol 7Hsafe.

A 1o ot SR B Uehile ko o
3}

o{:

mlo
A
tﬁ

€D 2B 01485 ==X

2.2 SOMEZ 0|88t EF Mz F& 7Y
gle

SOM& o §3fe] Bloleh2 shA17] Anke Qojji=
Fei% 1950 54 FAEL Y Hols Ao Hd
s &

ukds) & 4 ol BeR TS ETk ol SOM Bk
Ealo] AR S4E 7}11:

= Aele A 71 Alee dofy ekt ol
F7] Aso] ks FHsh= 77t SOMES &3tk
o ol Zt]9] MR 71 F Y 4 U 5
73 HlolE7t 2 4= 9l A o8 SOM= o]
sto] Bl5SlA| B fARRE AT EeFolA A%
oz PolA Ha AgEoez 2 Az: He g
o= SHE
F7AEY BAS SEiM AgEE B4 A
SOM| s5214S B8l 247ke] ol o
WE| w, g ol8h 7]20) T Hi 25

fr 4r oo J[

95/

ook
rlr
N
qr N b
e

i
1~
rlo

<l

o
2
X

[e}
=]

[T
N
Zi
N
X
of,
&14
i
>.
0
Ir
>,
l—OIl
[
o
o
T,

A

o

Ne

-
N

%
Ol
ol
N
=
fin}
s
)
2
=)‘~I=4'
1o >
A
ox,
o
=
of rE
B ™

2
ox
_Orlg
rl

N
o
o
ek
S
%0
S
£,
rlr
wn
o

foi 4>
"{N' %0
N
=)
Sl
o,
T

1o o ag oo o fr
o o

Am
O oN

A2 7%

THsH= o] 9loiA ﬁoMum 3 4 9ick.
B9} o4 Alze] Hlol] Hlgo] Aol 4
AL sty YA zkze] AT o

9

i) 54 15 230k ol 999 W8
.,]
=

)
~

7“‘5 o 1?4‘: HHﬂ% 9] Xﬂ%’%ﬁ dA o= A
A2 3 20| e AAR) o] A F L Vi |7
9] o] AEr. 04]# 01 L& 9] glolel 7l
7F 307091 7 AlEtgl 5.48H ek 2R o] 4=l S
7} 9] gt Hol F FHe] 257090 5 x 5 s &
EEX] qua}r)r

I8 2 2 AtollA] ARjleks B4 413 25 2o
tisf Holal Stk ol 4lzet A4 Aloo) Hloly HE




o|4 Mz o M=
SOM 1= SOM 7=
Bl =,
0|AF EX| A EX|
o T o oo o
ME =z = F5

52 /o dof el A4 AARch A4 e
e 2 A7) SOME T3k siate] o4 A

3. Ol& Bx

A F7go] AAYE Eolal AlEL] FES A
S17] 918l 5] A1 Holel ol et oik BX) W 5%
(Fault Detection and Classification)of] T3t ¢117} o] 5
of3ick. %71 415 lolele] oA BHAIE 9i 714
Q1 7S 3 Aol B B ARE W olg
3} Non-stationary SPC Z}E otk o] Qal A7k B¢t
A 7% Sk she w4} S7kto] Het 24
Aze] AU Fol7] gt A 7PHOR PCATF BE
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