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A Guideline on Constructing Multivariate Control Chart using
Excel Spreadsheet

Siti Rahayu Mohd Hashim
Norazah Abu Bakar

ABSTRACT

Multivariate process control chart (MSPC) is the most popular method in statistical process
control which involves more than one quality characteristic. It is much simpler if the process has
only one quality characteristic. If there are several quality characteristics involved, a specific and
costly statistical programming package is needed to assist the construction of the multivariate
control chart. This poster presentation will put researchers and the users of MSPC at ease by
providing a step by step guideline using EXCEL spreadsheet for that purpose. This guideline will
enable any interested researchers to write the language programming on constructing
multivariate process control chart.

Key words: EXCEL spreadsheet, multivariate control chart, statistical process control

Introduction

Many problems in modemn industrial quality control will involve a vector of measurements of
several quality characteristics, rather than only a single characteristic (Abdollahian, Abachi &
Nahavandi, 2000). Multivariate statistical process control (MSPC) chart is the most popular tool
for that purpose (Woodhall & Montgomery, 1999). It enables the identification of the sample that
causes the out-of-control situation with taking into account the correlations among the quality
variables (Marroquin & Solis, 2006).

This presentation provides researchers and MSPC chart user a step by step guideline using
EXCEL spreadsheet in constructing MSPC chart. Three quality characteristics of water supply
which are used in producing pharmaceutical products in the form of tablet or syrup were taken.
The quality characteristics are conductivity (C), pH and the amount of total organic carbon (TOC).

The Hotelling T> multivariate control chart will be constructed on these three quality
characteristics.

Methodology

All the necessary formulas for the EXCEL procedures are given and it should be emphasized that

along the explanation, one must always refer to the specific column and row in the spreadsheet
(Figure 1).
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Figure 1: The Spreadsheet Contammg All the Values from the 8 Step EXCEL Apphcatlon

There are eight steps involved in constructing T? multivariate control chart. The first step is to

find the mean of every variable, in this case is the quality characteristic. The mean was obtained
from the equation below.

m
X =
_kzl Jk
- m

jth quality characteristic
kth observation;
= the number of observation

k=12,...,n;
= the mean of jth quality characteristic

*# — k-th observation of j-th quality characteristic
m = the number observation for quality characteristic
(for this case, m = 20)
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Figure 2: The Spreadsheet Showing the Results of EXCEL Application
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In EXCEL application, the mean can be obtained by putting the cursor at the end of the first
quality characteristic column. Click the /nsert menu, followed by Function and Average, and then
click OK. The same process has to be repeated to the other quality characteristic columns in order
to get the other mean values. The second step is to obtain the mean vector.

#
Mean vector = = Hy
Hy

An empty cell needs to be activated before beginning the procedures. Click /nsert menu
followed by Function, Transpose and OK. Highlight the cells of the three means and then click
OK. Once again, highlight three empty cells but this time in horizontal position. Press the F2
button and three other buttons which are CTRL, SHIFT and ENTER simultaneously. The
transposed mean matrix will appear in the highlighted cells.

Variance = SI? =4

The third step is to find the variances using the equation above. You need to type “=(C2- i )
72” in an empty cell in a new column and then click ENTER. Repeat the same step to the other
column of quality characteristics and to the other cells in the same column. Allocate the cursor at
the end of the column. Find the summation of the values obtained by clicking the sigma, Y
toolbar. Repeat the same procedure at the end of the other two columns. Divide the three values
obtained at the end of the columns with m-1 = 19 and it gives you the variance of the variables

2

2
5 55

2
. S
which are ™ | and

1 = 5., =
Covariance jh

The fourth step is to find the covariance. By referring to the equation above, type “=(C2- % )

*(D2- )" in an empty cell of a new column and then click ENTER. Repeat the same procedure
to the other cells in the same column and to the other two columns of variables but this time you

need to type in “=(C2- )"'(D2- )” and “—(C2- " )*(D2- )” according to the column
sequence of the other quality characteristics. Allocate the cursor at the end of the columns, (it need
to be done one by one), sum up the values in the column by clicking the sigma, Y toolbar. The
three values obtained from the previous summation are divided by 19 to get the covariance values,
2 2 2
Sz S and . All the variances and covariance values need to be arranged in a matrix
form hke below in order to get a covariance matrix.

Covariance matrix = s = $s [
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The next step is to find the inverse of the covariance matrix. Once again, put the cursor at a
new empty cell. Click /nsert menu followed by Function, MINVERSE and OK. The function
arguments dialog box will appear. Click the button OK. Highlight a 3 x 3 cell, press the F2 button
followed by pressing three buttons, CTRL, SHIFT and ENTER simultaneously.

2
Si Sz S
st = 8 Ex
H

Hotelling T? statistic is obtained by using the equation below. Once again, click the Insert
menu followed by Transpose and then highlight the first observation of the three quality
characteristics. Subtract the transposed matrix with the mean matrix. Again, click /nsert menu and
this time followed by MMULT. The function arguments dialog box for MMULT will appear.
Assign the first matrix in Array 1 and the second matrix in Array 2. Click OK and repeat the same
process to the other rows.

T2 =G -5 oy - )

Finally, to get the multivariate Hotelling’s T? control chart, we need to highlight the column
consists of the values of Hotelling’s T statistic and click the Chart menu. The Chart Wizard will
appear, choose the line chart. The intended multivariate control chart will be obtained (Figure 3).

T2 VALUE
O AN WA OO N ®

12 3 45 6 7 8 910111213 14 1516 17 18 19 20
X

Figure 3: The Hotelling’s T* Multivariate Control Chart for Monitoring Water Supply Quality.

Conclusion

The use of EXCEL spreadsheet will provide a user with a deep understanding on the process of
constructing a control chart mathematically. The other users are encouraged to propose a better
and an improved application of EXCEL spreadsheet for constructing MSPC chart. For beginners,

this guideline can provide ideas for other application which involving mathematical equations and
formulas.
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