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Abstract

In resolving industrial quality control problems, a vector of multiple quality
characteristic variables is involved rather than a single variable. However, it is not
guaranteed that a multivariate control chart based on statistical methods can monitor
abnormal signal in case that small changes of relationship between each variables
causes abnormal production process. Hence a quality control system for real-time
monitoring of the multi-dimensional quality characteristic vector under a multivariate
normal process is needed to enhance the production system quality performance.

A pattern analysis approach based on self-organizing map (SOM), an unsupervised
learning technique of neural network, is applied to the design of such a quality control
system. In this study we present a new material quality control system based on
pattern analysis approach and illustrate the effectiveness of proposed system using
actual electronic company material data.

1. A & o AW gAdo 1 F8 990 A4
2 ew FAPYE FE AF Ak A

A AES £%0) ¥ oAANL FN @ L nFSTFEI S8 AT B
A QA da BoblA FAEA da T A% AA Az ANHD Yok B 2
58 AAsel Am At 5 AT 99 A wAs EDol d@ By U, 24 2E
toolgge AT Ak 7HA L FAWAA  £59 F4 29 AFAYe A4 52




E3ZY8x|

H294 M4 5/39

ool 4t BAFNA EFHHA FHBE
g5o A FxHa o
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computer)8] =202 o EBEHXNE EY
B33 Aol Yutalsln A 29 uwhebA
dojzl EXNXES HAF o] &8 7 e
thekdt A= (EWMA #eElx, CUSUM
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54 FEFFXA (Feature
Extractor)t UYHAAAZEEH d& ¢ 4
E (pattern vector)9lA 23 A

o)

Z3 He Aadolt dF &9,
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Pattem Recognition system
Pattemn Vector Feature Vector

Transducer : CCD camera, Scanner, Sensor, Mks, etc.

Feature Exiraction
* a prion knowledge
« neural network

Classifier
« template malching
- statistical method
* neurdl network
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Av vg g3 Q& Yy FoAA 4 "=
g Hyg M=
distance classifier®} k-nearest neighbor

B o F  minimum

classifier $°l Atk AbH R 2(a priori
knowledge)ol 9l A%t HE3A XE
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2) Statistical Method - @A 714 ®o] Al
£ Wyogr stgo]l dasty, e
¥ & i) Parametric vs. Nonparametric, ii)
Supervised vs. Unsupervised learning % °l

k. AR BEE g3 YE FLde
parametric, h A< %2 Agel=
nonparametric & Alg3. E g

& o] feature vectord Z3 Y A
d1 gox stEd & F d' FedE
supervised, 2% #HHEE E2E FfdE
unsupervised WH& A&tk &A% D
ii)e] wo] A2 dysE AL ot T
AR 71 93 AN lde <2
g2>9 2 Wyl A

Statistical Method

- Discriminant function

« Linear : Perceptron, Gradient descent method,
Least mean square error

* Nortinear

- Unsupervised leaming
« Clustering
« Similarity measure

<a2¥g2> A BN FF
3) A7 3 2% (Neural Network) - ol

otz A g dely A2
okl ol €853 Atk AE ANl ol

e <ag3>d e AFLE F2 AL
}{Jurgen Schurmann, 1996].

— Associative memory

- Perceptron

— Adaline

- Multilayer neural network

- Radial basis function network

- Cascaded-correlation network

- Projection pursuit leaming network
- Kohonen feature map
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(supervised learning)® HIX=  gF
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7R3 2ge ¢ Z(input layer),
(hidden layer), %% (output layer)® 2zt
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z2wAolA tg(error back-propagation),
LMSE(least mean square error), gradient
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P }James & David, 1991].
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SOM(self-organizing map)< €% 9=
Holn} A& glo] 222 sFdle JHPH
oA 2on 9l "ol EAES wAd:=
A7 o]t} James & David, 1991]. ¥ AF
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A3 AA < (competitive learning)&
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843157 989 A2 AAT F oH A
Aol ©x] gt 238 FAWS G434
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¥ (winner-takes-all neuron)e]2} 3}z
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(lateral inhibitory connection)& A}-& 3ttt
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3.1 SOM 3

SOMelM = F¥e]l N-AAgoz FAd
A A (lattice)d] x=Tol X FHE
AA ggHAd Qv 948 Aoy UH
fele] Fdxe] mebr] ddyoz xA
(tune)dth. 24" w49 Hxe 49 ¥
EAEA dsA o] e FEAA AR
(lattice)ell RAHE Ro2ZA AR Qe
a9 YdAe odE d#HEy EAAd A&
t}. & SOM 2 Azt Ye FHY F3H9
A7 48 AW nR/e 4T dAEe
& 99 ddgy AYPAHQN A=E A
[Kohonen, 1982].

<ag5>E SOM9 ztagt F2E e
=4, ¥ 7tA FF9 A (connection)o] 3l
t}.

a5 s, dEForREY AW dFA
(forward connection)®] A7) Hew
(self-feedback)® ZFH I =S & UE
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A AZA(local connection)& Mz ©& %
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(feature detection)E F#3sl7] 3%
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Input Output
layer layer

<29 5> AYY AA% 39 v= Q
g 741 wae 144 ARCred Qe
AN 38 Vs Adg ue)

Excitatory effect

° Distance from the winner
Inhibitory sffect Inhibitery effect
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HAY 942 A (1) 9] 3= relaxation
techniqued A8t A wrEAHog A%
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(difference equation) HE|Z W& 5 <)
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48 Ade gL dehis JHAHE
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x'—': [x1, x2, vevy x[’ ]T

¥, wd j o d2ZE=HHE O3 o]
ehach,
W, =[wy. wp,

s wjp]r, j=12 .., N

7 vsd dF9EY xo A=
wie 37 f8A j = . Nl tha]
B3 wxg Wz 713 & @& 49
gk bt 2 WA wxE HAE FEE A
gt EEAF 48 AANE 2
el AHHY xo MR vl=@ TTE']”Q‘ £
7l st A9 2 i(x)E AHEE A sde
5o 234 AHE3d ixE 2AY F
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o714 |-l wiAE e f2dd
71g dudtt 4 (@ AL BEE
A% Fd i 7t JAME xo) i@ s
el oluh,

FYRE i(x)9 X¥FHA
o)zt s, Aw(Me oA At o

Folt}, YurHo g o) ¢g4
ol WA Alzke] Ao ulgbA 7t
darol Felg AT olgA &7l°ﬂ
= 2% o 9 Ewg kA P93 A

—_— "1 2

zrol Aol wet £ W W=wo)

Jn g

o]9-g Ay

Ai(x)(n) = 27]

_°‘l',
rir

A . g8 74 ix) FH ol &+
AwM g 21gsd Ao AlFozr =d
gz og #F AFES AAH}E AY
AL FE3] 398 + Uk

YWEYAZ 222 2712A3E 37 ¢

e 74 jo AAR=Y wizl 48y
B x9 B o] Wsstol gty AARE
e wjel 7AF4 L Kohonen[1982]¢] 78
AEAE ol g3} (Y9 F=2).

w,(n+1)= {W(n)+ nin)Ix(n)-w,(n)], j & Ayy(n)

w, (n), otherwise
(5)
A714 M) NF n AN HFolct
del A G AN FAL Y5 ¥ i 9

AAZENE wE 44U x 2 £HoA
doh RE SGARE HEACE HHA)

B A 8 QAFEAHE Ay
He $xE mas gy

Summary of SOM Algorithm

1. Initializatoin. Q72 73S ¥ E](weight vector)& %73} @}t

2. Sampling. §8& 71 YHEZERE BF $e=ob

3. Similarity Matching. A nol A |Fdd AL}
#H42l 8 E(wininning) FAL Fed

(%) = argminf-w,|. j=1.2....N
B

4. Updating. 28 w9 AdZ2%4=9EE A48
w (n+1)={w(n)+r](n)[x(n)—w,(n)]. jeA,(:(,(n)
/ w, (n), otherwise
5. Continuation. B4 A% (feature map)elA F= & ut
@ w7l AAHA ¥ Wz 9A 22 AL

<I¥ 9> SOM &g Ze g9k
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3.2 SOM Wi 9% HAHEF

SOM g1 Fol dv s HId
(converge) €& Fo o3 A" EAA
L (feature map)t YHAFY FaF FA
A EHEE e

EE2A F dE3 ™IS x 2
etz ¥y x €x #3 A F 4E
o]AbAQl &£ F ol Al EHITNY E
Z22AE < AAYHHY =2
glg3 Aol = .—MZ]EF,]»—I =
ﬂ]*”’é "oz (4 6)7 #o ‘?Ja‘—' X

£4F7 AZ Y% (mapping) 3t}

i

f

O X—— 4 (6)

LI Discrete
® & output spaced
LY

Feature
map @

Continuous
input spaceX

<Y 10>

SAAE 09 SERE 9
QA=Y wAtols A

4 @ dFAdE x o #3e 2
09 928 AANE 4 ©)9 T
QdeuE x7t Fo)AW SOFM 2%1e
E4AE oo g} &9

)

j

.
ar
[e]

—-T
=

=]

o> rlo

T30 4 9 e

J7d i(x)E Fooh od 7 i(x)9 A
AZEAEH w2 4EIT XA FHE
aEd=3

£33 4904 ARAZEHEH A7 {w;
lj=12 ..., N2 YehidEs R71z3
8l (self-organizing) EA4AE o+ YFF
X & ZAtghan (<29 10> #=F)

3.3 SOM 7|% 735 FA¢99

% Aol A AL SOMAE LS §&3)
o FF EE dAA A FUAHA A5
g EUEHsE AN Yoe FE/LA
Aol g HAF (F2) SH4AE £33
FE/AAAY ojde BEY F YE B F
FARYN 2L AAT FEFAAYA
2N EE3E £4 WHES s
A g AgE FEFERYN="EL F
F29 w#dAdE syl A% /\15‘—%'9_1
FE9 540 2YETE HF dAEY
2 5o #d¥ 8o o=z I3 ¥

o

i

=

z3 Fawe dio RFANTH 28
A9 FAHY FAL FHHoz DY

F Q7 A% 12HA 48 T F Ark

N

3.3.1 SOME o|&% HESFUAZA A=
a8y

SOM YEfzZ JEARE stFAIWA
AAAF disf SHENS 3 F o A
2 dAZAFA HHE YAPTd. SOMY
B0 w2W dZAVNFA HEE dFAR
o ARE 73 Jenr F AP oY
AE7t M2 FLTAE 27) e 93
752 HWEE vuse ol A fol3
toolAE 4E #HEY A UFE g2 &
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old FHE /A e B oY
7l W&ol ¥, dZAZEANHE e 4}
59 JHE XFAA JF ArRd: @
A AL o WA XD 7] o
Eolr},

A dzd FE/AAAY A AHE
wddty] AAME $HFoz FYAAS
FEEFHCl FAYE WY #3X HEES
F3 3 SOMUEYaE 8HA7I. 34
o] U zZ} 2¥xc jo dAJEHEHES
& Wb N (Ne &9xEd £
T)E Yehd.

T3, A dnE FE/AAANN Lo
Ae #3X HEE SOMUEYIAE 54
18 4 FYRE j 9 dAL=HE S0

whe =1, 2,

J

2 yehdo,

.o N

wi" j=12,.,N o

=2

daE ARG =9H
98 #@H"d N 2 osq dAZ=WEL

Wi Q) SOMMIE ) ZoA e $AYSwT
g 7o o #Ye NAY AZFEAHE
of e $AYS==we BIY ¥ SOM
sty EYwsel ARFEHS WA
717 g

Ret WAl AW FE/AANF FA 4

Zolahd 2 4HAE % 7 4HHUL o
$AwEE 2% | 7t 9 FEo| W%

ag ole AN FE/ARAF 44
29 o A9 BEAY NEE, D) B
S % ATl ATH FE Aus we
Aoles SOM MERALZ d4g AU F
o FAe ARAEA WE Ea ge ol

7] WZoltt F, SOMolA WHE 3= 3§
T7F AR ZE& Aol H7| dio|tt watA
Z} dY HE Eo] AR FolA AL whek
A FFo) FAFFEY Hyad 4 29
=7t A==t He e 10 e @&
o= Hl*?fﬂxlﬂ] .

Fol §A+F3 g olAAH,
F #BEA ““51—4 go] WAAY z
F2 243 A@BAC WAL A
% =27 $AREY He FE AR
BAA doh B =FdAME ol WEs
Shanon®] A Eo]&(Infomation Theory)el
A% JdEZI(entropy)E L83 A
s}ttt

ki3
[*]

T
g

332 AEZA 4@ AP FUAAH B4

Skl A AFE wpgt o], T M2 o
€ Y dHA 87 FYIAE wase
AL dYAse] FRIJ} FAIANE v w3
Aol22 Shanon® HRo|EE o]gd
At

ol ibH ;e e EE

- rlr

o, &&o] A<l oHE x = & FFY ¥
d 2+ AE9 && g AN o] A
4% & At
I(x.)=1log 1 =-log
& P, P 7)

A71M, 239 2& oo Folz, A
EI0olH AR Y& UE(nats)oln ¥
o] 290 oW FH @& H E(bits)o]
oo 239 g #Agle] (N Ao v
S0 2& E4& Jedng.

D I(x,)=0 for p, =1
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%, o|WlES] AFHE A ¢ Utk E o Iog2|A| Entropy
W oolwlEs AR W AL & Ax A O S T ol ©
LRSS

2) I{x)20 for0<p, <1

3) I{x,)21(x) forp <p, 4. AgA AF+4A7
Z, o|EV} dojd HEo] HegFE o N
HEZ APdoan o & HAEBE A& 4.1 T‘ﬁ"ﬁ‘é‘-ﬂ'a’\]é%q EEEE}
47} ek, 9 4dA

AR I(x) 9 dx AEPLE A& o)A
g8 Wz HR HFFL g A
®z 2z, H¥g g3 Asa oama
dg Pl g895 X9 dssdda

g, dEzZge 72 oWEs dgEE
231-14 HEHAY Fe AP golgn
& .

H(x) = E[I(x, )= KZEAka(x,()
=- « 108, p,

0 < H(x) <log,|4|
A7 4¥ x 7t AE F e @9 <
dolw, 4l 49 Avlolth wet A 7}
25 VAR 5439 JEZ I g
log;|4 7} gxwt x of wEA P 9 ol
Mz gdadd AEZIE ZFolxA dd.

dEzae o 4@ es 03 4ol
o ez AFHB & An B =RANE

g Ase A=y &4e ol gatel A
2 ge 2Ad A27EA A8t AAE A
wel 594 $2¢ Brhskel AFHA

3ol A Aetg SOM7IEE SEEA Hhy
& M FEFEOYALYY Z2EH
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