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Chapter 10
Multivariate data
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Multivariate Process Control
Chapter 10

* Several interesting variables

* Look at all variables at the same time
» Hotellings T?-diagram

— Analogue to Shewhart

EWMA

 Principal component analysis
— Decreas the number of variables to control.
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Example
Inner and outer diameter on a bearing

X, ~ N(4,0)
X, ~N(u,,0)

How should the process be
controlled?
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Normal multivariate data

1 dimension:

1

N27o? =

f=

p dimensions:
1 L) = (xs1)
f)=——r—e?
(2|
p = number of dimensions
u= [ﬂ, oo .,UJ is the average vector

I is the covariance matrix
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Multivariate statistics

Suppose that

Kis Xpseen Xy

is a sample from a p-dimensional stochastic variable.
2 1 < -

where 5= - lz(x” 71’)1

The sample average is Si :LZ(,\‘U =X)(x, —X,)
1= n-14
X=—)x
" E®=
and the sample covariance is =p
E(S)=X

s:ﬁg(x;;)(k;)-
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Control chart - a first attempt

Control ellipse , LCL=0, UCL=X209973
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Draw a y>-diagram

Alarm for sample 72!
PR

x2- control chart

h o Generally for p variables:
ucLx, 2 = iyl (=
i Zo=n(x—p) I (X~ u)
. Zo ~ X, (p degrees of freedom)
UCL=x.,,
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Hotellings T2-control chart

¢ Different control limits for Phase I and Phase II!
T =n(x-%)'s7(x-%)

Phase I Phase II:

pim=D(n-1)

ucL= [——
mn—m—p+1

LCL=0

pm+D(n—1)
UCL=———— F\ s pm-m-p
mn—m—p+1

LCL=0

© Jan Rohlén,Varians AB 2007

Interpretation of Alarm-signal

¢ Which variable is the cause of the alarm?
— Could be difficult. See earlier example.
— Draw individual control charts.

* Study
d,=T*-T;,
T2

) is the test statistic for all vairables excluding variable i.

Is d; large for some variable i then will this variable be a good candidate
for further studies.
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Hotellings T?-control charts
Individual observations, n=1

¢ Different control limits for Phase I and Phase II!

T’ =(¥-X)'5"(¥-%)

Phase I: Phase II:

(m—l)z _ p(m+1)(m—1)
UCL:Tﬁl @.pl2.(m-p-1)/2 ueL m*—mp

1-a.p.m-p

LCL=0 LCL=0




