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A Study on Phase Il Two-dimensional Profile Monitoring

Student: Yu-Ling Liu Advisor: Dr. Jyh-Jen Horng Shiau

Institute of Statistics
National Chiao Tung University
Abstract

The study of monitoring process or product profiles by means of statistics
already has extensive development. Most research works focus on one-dimensional
profile monitoring schemes of Phase I or Phase II. This thesis is directed towards
two-dimensional profiles with profile-to-profile variation. We utilize principal
component analysis (PCA) and multilinear principal component analysis (MPCA) to
propose monitoring schemes of Phase Il. Since two-dimensional profile data are
represented as matrices, we vectorize these matrix data for PCA to analyze the
covariance structure of the resulting one-dimensional vectors. With that, we propose a
control chart based on principal component scores. For using MPCA, we first utilize
the algorithm proposed by Ye (2005) to search for two basis matrices, one for
columns and one for rows, and then project an incoming two-dimensional profile onto
the two basis matrices simultaneously to obtain a score matrix. We construct a
monitoring scheme based on this score matrix. Both control charts use the Hotelling’s
T statistic to monitor the stability of the process. The performances of the two
methods are evaluated and compared in terms of the average run length. Generally,
MPCA performs better than PCA. Moreover, for the execution time, the MPCA

method is not affected as much as the PCA method when the size of the profile matrix

il



increases.
KEY WORDS: Two-dimensional Profile Monitoring, Profile-to-Profile Variation,
Average Run Length, Principal Component Analysis, Multilinear

Principal Component Analysis
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ea f?ﬁ‘_ HTEP 3 )FLKFI-%— 2 rank(T » 75 IR T ek o T I R

paxpa) = K
it ®T=GDG' »H*¢ G I H #= & 2464 (orthonormal matrix) % D E_$

Lt B AR AT PEsE o F 422 > 2 2, 205 T i o 7

vec(U, ) ~ Ngq(0 I

T |
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TIL = 2 ML e o At MBLEET 0 "I = hp=p,frG=0q, % 7T
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X pxq ? BFEVEC(X) ~ N (0,0, +8 0oy pgpg) ° 7V (D 2 T pca ¢ JRiE A o
BikEZEY i A =T""8) D, (T778) 2 259w+ 2 A fiz (noncentral
chi-square distribution) » H ¢ r =(V1,V2,...,Vk) 2D ibELE A F
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BE-HP p7, ¢ s+ 4 Fe (chi-square distribution) g #h(1-a)x100% 7
PR
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B d RS R g

bAg o APIED Fol- 2 F6]s %00 K PCA v MPCA & & % 2 [ iy
BG4 2 REBR > £ 8 R AL BEEAERT PCA fr MPCA 4 = % 2 [ chi
oo B - FH I AP A N an 2 % R VeC(X) PRIES ~ ¥ e o fie o @ A
Frig e %k - BUE8EAZ (stochastic process) 4 - B B #7142 (Gaussian
process) * Bl E & F FUB R BANGE A f € RIS A F B AP o wA KT e

GIH B R B R AR o

4.1 §= b —

4
-
=1

B B # W iE # (Brownian motion) % T oehs (LAl kR - &

TR RTHAEGERZ AR AN AHEA G

(a) * W& $ 142 (Brownian motion process) : — B 8B F2[B(t),t >0] ¥ - B
# P FH 4ok (1)B(0)=0 5 (W)[B(t),t=0] & 3 4& < jp = YEA (stationary
independent increments) 2 £ 8 5 (i) > t>0% = - B(t)~ N(0,0°t) £ ¥ o
A 0¥ Hoo ® WEH >~ fL L PB4 (Wiener process) > £~ B B #7
WAz 0 £ E(B(t) =0 % cov(B(t),B(t,)) = o’t.t, <t,

(b) * ¥ i (Brownian bridge) : 4c% [B(1),t>0] £~ & * ¥ & - Al
[B().0<t<1|B()=0]4£ 5 * F4f - v 7 L & § #1642 - % 5
E(B(t)|B(1)=0)=0,t <1 % cov(B(t,),B(t,)| B(1)=0) = c’t,(1-1,),t, <t, <1 -

(c) &~ # ¥ F$ (integrated Brownian Motion) : 4= % [B(t),t >0] ¥ -
+yiEs > BT IB(t) = j B(s)ds » AL{IB(t),t> 0} 5 f# A & W@ f o v~ L

- R EriEAT > £ 4 E(IB(t) =02 cov(IB(tl),IB(tz)):o-ztf(%—tgl),tl <t, o

B 2 Bl 3 Y, = Z(st) + &0 =130, = 1,..,29 0 # ¥
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Z(s;,t) = X, (8)+ X, (1)), Vi, j o 2 X,(s) 2 X, (1) ¥ B>t it (a),(b),(0)= F2F #7iE
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Ky
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Ky
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i=1

(b) T3t T - B F dc o P WEE TH o

R ik SR A R L R
TeAn % R Z(s,t) Vi ] o £ A3 & 3300 E R i kg X o AP ARL
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PR AL KA ki Glde e 400 ) &0 R = fEOk 2 - 5190%
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id

i
2 flag flice TRl o #1000l H IR 7,7, ~ N(0+ 50, 07) 2

iid
Z,,Z,~N(0+60,,0;) k@ » AP §=0(0.25)3 o ' B 7 g 1T 0 fus
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