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ABSTRACT

Multivariate statistical process control methods have been proven in the process
industries to be an effective tool for process monitoring, modelling and fault
detection.This paper describes the approach used by the writer in the development of a
Multivariate Statistical Process Monitoring (MSPM) tools using Microsoft Excel. This
developed MSPM tools will act as a process monitoring tools in order to monitor the
performance of any equipment or process. In addition, this project will be testing on
actual plant data to see the performance of the project. The tool will be developed n
Microsoft Excel and Matlab. Microsoft Excel is chosen because of it is easy to use and
user-friendly. Furthermore, it has macro function and easier to use when the user wants
to develop many tools to the Microsoft Excel. In multivariate statistical process
monitoring, a process monitoring mode! must be developed firstly. The model must be
free from any abnormaiity, fault or outliers. Then the model will be tested on the future
data to detect any abnormality in the process by applying the appropriate limits. As a
conclusion, the MSPM method can be develop in Microsoft Excel. This tool can help to
detect the problem or abnormality of the process and help in diagnoss assignable cause

for the process
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CHAPTER 1
INTRODUCTION

1.1 Probiem Statement
1.1.1 Background

In today’s competitive oil and gas industry, the pressure to improve the
performance of processing facilities is intense. The advent of modern process
measurement, automation, and information systems has resulted in a significant in
amount of process data available. Unfortunately, it is often very difficult to monitor such
a large amount of data. Multivariate Statistical Process Control (MSPC) methods, and
Principal Component Analysis (PCA), have been demonstrated to provide a powerful

approach for detection and isolation of abnormal conditions.

Multivariate Statistical Process Control (MSPC) concept and method has become
significant in manufacturing and process industrial to control the process. Of these
techniques, MSPC methods have been demonstrated to provide a powerful approach for
detection and isolation of abnormal conditions. To perform this method, it’s required an
expensive commercial software or research computing software (e.g Matlab) to process
the data. In this project, MSPC will be develop in Microsoft Excel in such the software

can be widely used and shared with Microsoft Excel platform.



1.2  Objective and Scope of Study

1.2.1 Objective
The objectives of this study are stated below:-

1. To develop the multivariate statistical process monitoring tool by using
Microsoft Excel.

2. To monitor and analysis the performance using the developed
Multivariate Statistical Process Control method.

3. To test the developed software using actual plant data

1.2.2  Scope of Study

The project would concentrate on development of monitering tools based
on multivariate statistical method.

1. To study about the fundamental concept of Multivariate Statistical
Process Monitoring.

2. To learn more about the software uses in develop the monitoring tools.



CHAPTER 2
LITERATURE REVIEW

2.1 Theory
2.1.1 Statistical Process Control Chart

Statistical process control (SPC) involves using statistical techniques to measure and
analyze the variation in processes. Most often used for manufacturing processes and
process industries, the intent of SPC is to monitor product quality and maintain
processes to fixed targets. Statistical quality control refers to using statistical techniques
for measuring and improving the quality of processes. Their objective is to monitoring
the performance of a process over time in order to verify that the process is remaining in
a “state of statistical control”. Such a state of control is said to exist if certain process or
product variables remain close to their desired values and only source of variation is
“common-cause” variation, that is, variation which affect the all process the time and is

essentially unavoidable within the current process. (J.F MacGregor and T. Kourti, 1995).

Shewhart, CUSUM and EWMA charts which SPC chart used to monitor key product
variables in order to detect the occurrence of any event having a “special” or
“assignable” cause. SPC monitoring methods should be applied on top of the process
and its automatic control system in order to detect process behavior that indicates and
occurrence of a special event. By diagnosing cause for the event and removing, the

process is improved.



Unfortunately, most SPC methods are based on charting only small number of variables,
usuatly the final product quality variables(Y). Many industrial processes involve a set of
input variables and quality variables, which are highly correlated. If one of the variable
changes, it will affect the other correlated variables. Thus, ignoring the cross-correlation
between the variables can lead to misinterpretation of the process behavior. (M.W. Yee
and Kamarul A.l). Therefore, it is very difficult to diagnosis and makes interpretation,
as though the variables were independent. Such methods only ook at the magnitude of

the deviation in each variable independently to each others.

The muitivariate method is the only way to treat all the data simultaneously and also
extract information on the directionality of the process variations. In addition, when
important events occur in progress they are often difficult to detect due to the signal to
noise ratio is very low in each variable. But, the multivariate method can extract the
information from observations on many variables and can reduce the noise level through

averaging.

2.1.2 Multivariate method for monitoring product quality

In most cases, the traditional SPC charts { Shewhart, CUSUM and EWMA) are used to
separately monitor key measurement on the final product which define the quality of the
product. On this approach, the difficulty is to determine which one of the variables
defines the product quality. The product quality only can be defined by correct

simultaneous values of all the measured properties, that is, it is a multivariate property.

2.1.3 Multivariate method for process monitoring

The main approach of statistical quality control (SQC) method are only monitor the

product quality data (Y) and all of the data on process variables (X) are being ignored.



To perform the SPC, all the data must be look and analyst. The process variables are
much more frequently measured than the product quality data. Furthermore, any special
event which occur will also have their fingerprints in these process data ( J.F MacGregor
and T. Kourti, 1995). It will use useful to know if the product is good before using it.

Monitoring the process would help early in detection of poor-quality product.

The most practical approaches to multivariate SPC appear to be those based on
multivariate statistical projection method such as PCA and PLS. the methods are ideal
for handling the large number of highly correlated and noisy process variable

measurement that being collected by process computer.

2.2 Principal Component Analysis (PCA)

Although there may be hundreds of plant variables that measured in any given process,
there tend to be only a small number of underlying characteristics that actually drive the
process. The purpose of PCA is to identify a new set of variables that reflect these
characteristics. These new variables, termed scores or latent variables are linear
combinations of the original process variables. The expectation is that there will be
fewer scores than plant variables and therefore the plant can be monitored with much
greater ease by simply analyzing these new variables.( A. AlGhazzawi and B. Lennox,
2007).

Principal component analysis (PCA) was first introduced by Karl Pearson in the early
1900’s. The other main advantage of PCA is that once have found these patterns in the
data, and compress the data, i.e. by reducing the number of dimensions, without much

loss of information.



In mathematical term, PCA decomposes the data matrix X of size [m,n]. Consider an m-

dimensional data set

X=[X1, X2y ceany Xm] (1)
The principal component decomposition of X can be defined as
X=TP"+E=) t,p/ +E (i <min(m,n)) 2)
t=1
Where n is number of samples,
T=[t,t ...t ] (3)
Is the matrix of the principal component scores,

P={pip2 .- Dil (4)

Is the matrix of principal component loading and E is the residual matrix in the sense of

minimum Eucliean norm and i is the number of significant component retained.

To monitor the process using a PCA model, a data set of representative normal process
operation is used to identify a reference model. When the new data are available, it is

projected onto this reference model according to
Tnew = Xpew P +e (5)

Where P is the loading matrix, and two complementary control charts are typically used
to assess if the new data are consistent with that from the normal process condition: the
Hotteling’s T? and the Squared Prediction Error (SPE). The hotelling’s T2 statistic will
detect deviations within then model, where as the SPE statistic will detect deviations

from the modet. These two statistics will be proceeding for the next semester.



2.2.1 Using Standardized variables

Investigators frequently prefer to standardize the x variables prior to performing the
principal component analysis. Standardization is achieved by dividing each variable by
its sample standard deviation. This analysis is then equivalent to analyzing the

correlation matrix instead of the covariance matrix.

2.3 The Control Chart

The control chart was invented by Walter A. Shewhart in the 1920s. The control chart,
(also known as the 'Shewhart chart' or 'process-behaviour chart’) is a tool used to
determine whether a manufacturing process is in a state of statistical control or not. The
figure 1 shows the example of control chart. There are many type of control chart such
as X- chart, R-chart and S-chart. But for this, it uses the X-chart to detect the statistical

in control or not,
A control chart consists of the following:

« Points representing measurements of a quality characteristic in samples taken
from the process at different times [the data]

s A centre line, drawn at the process characteristic mean which is calculated from
the data

« Upper and lower control limits that indicate the threshold at which the process

output is considered statistically 'unlikely'
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Figure 1: The Shewhart Chart or Process-Behaviour Chart or Control Chart
2.4 Limit

Natural extensions of the Shewhart chart to situations where one observes a vector of &
variables y,, 1 at each time period are the multivariate x* and 7° charts. Given a (k¥ 1)
vector of measurements vy on & normally distributed variabies with an in-control

covariance matrix 2 one can test whether the mean u of these variables is at its desired

== L AL I

target T by computing the statisfic.

X=(y-0)' ) Ny-1t)

This statistic will be distributed as a central x2 distribution with & degrees of freedom if

p = 7. A multivariate x> control chart can be constructed by plotting x * vs. time with an
upper control limit (UCL) given by xi (k) where (Y is an appropriate level of

significance for performing the iest {e.g. o = 0.01).

Note that this multivariate test overcomes the difficulty .The x* statistic in Eq. (6)

renracents the directed or weinhted dictance (Mahalanohic distance) of anv naint from
renracente the directed or waiohted dictance (Mahalanohic dictance) of any noint fir

the target 7. All points lying on the ellipse would have the same value of x*. (The ellipse

ic the caligtian tn Ba /0) Fre 22 = v 71 fhs boen vasiohleo) TTaman o w22 ahowt anen 1

ED MRl SRSLRARARSER AR afge AT RS A vvﬂ.'\'.y}_ A AV YA LRUVIRO . L dwiivies W W wildd L YVASlaand

detect as a special event any point lying outside of the ellipse. When the in-control



covariance matrix Y. is not known, it must be estimated from a sample of n past

multivariate observations as
S=(n-17"Y (y,-yNy-y) 7
i=1

When new multivariate observations (y) are obtained, then Hotelling’s T? statistics given

by

T*=(y-7z)"'8S '"(y-1) ®

can be plotted against time. An upper control limit (UCL) on this chart is given by:

2 _(n - 1) m + 1)k
TUCL - n(n — k)

F,(q.n - q) ®

where F, (g,n—q) is the upper 1000% critical point of the F' distribution with k£ and
n-q degrees of freedom (T. Kourti and J F. MacGregor,1994).

2.5 Biplots

The biplot is based on the idea that any data matrix, Y ( n x p ), can be represented
approximately in d dimensions (d is usually 2 or 3) as the product of a two matrices, A (
nxd),andB(pxd).

The rows of A represent the observations in a two- (or three-) dimensional space, and
the columns of B prime represent the variables in the same space. The prefix "bi" in the
name biplot stems from the fact that both the observations and variables are represented
in the same plot, rather than to the fact that a two-dimensional representation is usually

used.



For the principal component analysis, the axes in the biplot represent the principal
components or latent factors and the observed variables are represented as vectors.

Below, the figure 2 shows the sample of biplots

X-bleck scores

0 - T

Figure 2 : The Biplots
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In this

CHAPTER 3

METHODOLOGY

section, it will be explain about the work will be done for this project. For this

project, it uses Microsoft Excel 2007 and also Matlab 7.1.

31

Steps in Multivariate Statistical Process Control (MSPC)

3.1.1 Data Loading

The data-load process reads a source data file, converts the data to a different
format, and inserts the converted data into a database table. The source data can
come from one or more of the following sources. During conversion, the source
data is often manipulated so that the converted data displays different

characteristics.

3.1.2 Data processing/mormalization

Normalization is the process of removing statistical error in repeated measured
data. This normalization data will be doing before and after the outlier detection.

There two goals of the normalization:-
1. Eliminating the redundant data

2. ensuring data dependencies make sense

11



3.1.3 Outlier detection

Before sending the data to PCA, the outlier must be removing because the PCA
is very sensitive to the present of outlier. These outliers are based on the control

chart. The data which exceed the limit will be removing.
3.1.4 Principal Component Analysis

Principal Component Analysis (PCA) is to identify patterns in data, and
expressing the data in such a way as to highlight their similarities and differences

without losing the original information.

3.1.5 Limit Determination

For conventional Shewchart Control Chart, the Upper Controi Limit (UCL) and Lower
Control Limit (LCL) for mean-centered and variance-scaled variables are +3 and -3
respectively (McNeese and Klein, 1991). By using the equations from section 2.4 limit of
chart are calculated. '

Concept of idea in Microsoft Excel

Before start doing the coding and interface, it must have concept of idea what will be

happening for whole of the program from start until end of the program.

Before doing any calculation or construct a graph, it required a bunch of data at least 2

set of range data. The user will be uploading the data into input interface or windows.

The user also must rename their variable to make sure their do not confuse. After the

data are uploading into windows, the user will click the button to proceed. There will

some instruction on the first interface.

12



Data from first interface will be paste on second interface. In this interface, the data will
be normalizing. Before that, it must find the mean and standard deviations for each
range of data which will be use for normalization. The data will be arrange that the data
user it will be on left hand site while the normalize data on the right hand side. The mean

and standard deviation will be calculated by using this formula:

Mean

= AVERAGE (Numberl; number?2 :...) (10
Standard Deviation (SD)

= STDEV (Numberl; Number2 ;...) | (11)

and, to calculate for normalization data, it will be use this formuia

data — mean
SD

nomal =

After data being normalize, the normalize data will be use to construct the control chart
on other interface. Before construct, it must calculate the mean and standard deviation
for normalize data. By using Upper Limit Control and Lower Limit Control formula, the
control chart will be constructing to see the behavior of the data. Make sure all range of

data must do the control chart.

If, in the control chart shows there are possible outlier, the outliers must be eliminate
first before enter next interface which for Principal Component Analysis. After being
remove the outliers, the data have to go back for normalization data because the mean

and standard deviation have been change and construct back the control chart.

13



After there are no outliers, the user cans proceed to next interface for Principal
Component Analysis. In this interface, the data will be sent to Matlab for Principal

Component Analysis calculation.

After doing the calculation for PCA, the data and figure which generate by the
calculation, will be sending back to Microsoft Excel to show the result to the user. Then,
for next step, the user will insert the future data. Future data is used to see whether the
limits that had been calculated before is fixed or not to it. The future data will be

normalizing by using mean and standard deviation from previous normalization.

Then, the normalize future data will be send to Matlab for the calculation and matlab

will send back the result to Excel.

i4



CHAPTER 4

RESULT AND DISCUSSION

4.1 Interface

p_\ o = % Jioe e diwche) = Bl H -
T Heme  tem Pemeissdt Fowwdss o Dwe Reaos  Wiew o Dneoew A POF o . w o
. ut P - _— - i en aptadum + 4 e

£ Calibri St A A T owmmggide ] nftvien et Senersi - ;*,-, Ew ?““ o %;’ +4
-3 Zony X - g awo = + A= ad .

Paste X Fg-i A 2 ~41bege & Conter - GH- % 2 %l 0. Kenditionat F < insest Delete Format ~ Seit e Find & =

-  ¥ommat Painter B o _'& xr‘ AW e s e - % ® A Fommiatting * a3 tiles N - - £ <lear > Fiiter < Salect ©
A = . fanp : Rk . EELION
13 - LA

E 2 o E 5 B . -

* ! :

H i .

4 - |

5 ]

e  —

T t !

B 1 zopy and paoie your dete on GB

5 i

i 2 zliek " irput Dete” |

12 3 £k “Harmializesion” 10 ca culets tha normEiReTon !

2. i

15 <+ Gk "LenTor CRAT 50 Crapiatng tantrdd than fa- !

15 seeh unsiable |

15 5 Cizk “Ramove Cuti etz (0 camove the out-ars 7

7 Rep=a: step 31 I.until the Mesasge o dppeas Tt
OLILArEEl
: 3 Liick "FL&” and ot f07 200 2 Aunnes end &2

n “Resuit,

. 5 fo dete, cop; ang peste the furure dace in

A R " on 66

= arreiizatian” 1 praced for Aorrasite

»w

3 13 {iick "Future Ores” in 'nermeizs FS- shest

»

R 1T After o sdinues, itk "Resut

5

i I3 Selerr "Rasuit shestic see the graph

i e !

12 et 1e emermoroed

33

2

i

kS

3=

33

E

a1

=3

[ r W laput Narrelmton . Conerol thtt_ibata Futwe dutm | nommbe 07 Rest | temng i L sl TITTT T T

Agds oy . i o B

Figure 3: Input interface

Figure 3 above shows the first interface that will be seen by the user. In this interface,
the data inside the selected area will be copied and sent to the Normalization sheet. The

user must put their data inside the selected area. Then, click the “Input Data” button
15



which the button is at the top left corer. The user must make sure that the ranges of data

are equal. At the left hand side, there are procedures on how to use this.

On the bottom, there is “Reset” button to reset or remove all data inside this worksheet.

L ) IR HE SR E 1] K PR EE I e

o Ao -

Home  Imset  Pagelayasl  Fomuks Bt Rewoew

R

G S OE pwdasam e A0 gy
SRR O R AN

Wi Deyelaper Litia FOF -

5 - LI S
# Cot Cabai AN W oo ® T wmpTen Gererat B ¥5
- L Copy : A, e

Fartr BT Lo A xg'g PR reye s Cente _:; oy %M Contiticnzl Foimat

T A Fomat Painker Formatting * as Table = Styas =

|

Tl dnset Delets Format Sortd& Findd -
- - - £ Chal - Fipler Select -

L T U -

O L F c

TR [N

23,

i 1 v o1 mpur | Wommalration  Cootiol Chart | Date SutuzGom . normele B festt wamng | o L0 7T . Hiy
Read; ] : -

Figure 4: Normalization interface

As illustrated in Figure 4, this is the second interface. The function of this interface is to
normalize the data before constructing the control chart. The “Normalization” button is

to run the calculation for normalization. First, it will calculate the mean and standard

deviation.

16
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Figure 5: Control Chart Interface

Figure 5 shows the interface for control chart graph. The data will be inserted under the
measurement column. The ‘Control Chart’ button is to create the control chart fbr each
variable. Below the conirol chart button, there is ‘Remove Outlier’ button which use to
remove outlier from the data. At the top right comner, there are legends for the control

chart.
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Figure 6: Data Interface

Figure 6 shows the interface for data. On this interface, data which have been removed
the outliers will show on this interface. The ‘PCA’ button on this interface is used to
send the data to Matlab for PCA calculation and generate figure. This figure will be sent

back to Excel by using ‘Result’ button. The figure will be shown in result interface.
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Figure 7: Future Data interface

Figure 7 shows the future data interface. For this interface, the user will place the future
data at GG7. Future data is used to see whether or not the limits that had been calculated
before is fixed to it. On the left hand side, there are mean and standard deviation
columns which are taken from previous data normalization. This mean and standard
deviation will be used to normalize the future data. On the top left hand side, thefe is the

“‘Normalization’ button. This button will function to normalize the future data.

19




e o e : Lt T WL WS- i NPT R
T Mame et Pegelmaut  Fomuast  Data Redew | Wew O Doeloper i FOF : o

EEE

el T 3
Tasert Deiete Farmat

s ey .
Fate . P

Ltleart v eleas

| commandButtont v ED[" Forms. CommandButton.1”;

WEENREY

Find &

443 v wour - Hormalestion _ Conei Gt ~@ata: Fulre'dats | moemakzeFD  Resit [hasog., T U U

Ready

Figure 8: Normalization of Future Data Interface

On this figure8, the normalized data from future data will be displayed on this interface.
There are two buttons; ‘Future Data’ and ‘Result’. ‘Future Data’ button is used to send
the normalized future data to Matlab. The ‘Result’ will be used after the calculation in
Matlab. Function for ‘Result’ is to display the result from the Matlab. The result will be

shown in result interface.
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Figure 9: Input interface with sample data

From figure 9, the user has to paste their data into the selected area. The user can aiso
put the variable name on the top of the data. After the date has been pasted, click the
button ‘input data’ to proceed. The data will be selected, and then the user can move to

the next sheet.
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Figure 10: Normalization interface with sample data

In figure 10, the data from the “Input” sheet have been pasted at C7. By clicking the
“Normalization” button, Microsoft Excel calculates the mean and standard deviation
value from each variable. The normalized data will be under normalization column. The
normalized data shows that the mean for each data will be close to zero while for

standard deviation it will be close to 1.
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Figure 11: Control Chart interface with sample data

On this figure 9, the interface shows the control chart graph which most all daf; value
inside range which the process remain close to their desired values. For this example,
there are 4 variables and 4 control charts for each variable. The small red squares
indicate that, there are two potential of the outliers existed in the process. The outliers
have to be excluded from the graph. Therefore, the button ‘Remove Outliers’ will be

used to remove the outliers from the data.
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Figure 12: Remove Outlier interface with sample data

On this figure 12, the normalized data has been removed from the outlier. After this, the
user must go back to “Normalization” sheet to repeat the step back until no outliers in

control chart or appear message box says “No Outlier(s)”.

Then, this data will be sent to Matlab for calculation of Principal Component Analysis
(PCA) by clicking the “PCA” button. The calculation will take a few minutes. Then, to

see the result, the user must click the ‘Result’ button which will refer to the result sheet.
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Figure 13: Future Data Interface with sample data

On figure 13, the interface shows the future data in blue box. The sequence ;‘or each
column must be the same with the sequence in previous data which data modeting. This
is to make sure the mean and standard deviation are related to each data. On left side,
there are two columns representing the mean and standard deviation. By clicking the
“Normalization’ button the 1* column will be normalized by 1** row in mean and

standard deviation columns. The normalized data will appear in Normalize FD sheet.
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Figure 14: Normalization of Future Data interface with sample data

In figure 14, the future data have been normalized by using mean and standard defiiation
from previous data. From this, the user can see that the data are mostly ranged between -
3 until 3. But, if the values exceed the range, there are possibilities of equipment
malfunction. For the next step, the user must click the ‘Future data’ button. After a few
minutes, the calculation is done. Then, the user should click the ‘Result” button to show

the result from Matlab.
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Figure 15: Result Interface with sample data

For figure 15, the interface shows the resuit which came from the Matlab. On left hand
side, the figure shows the T chart for modeling data and right hand side shows the T?
chart for future data. T? chart for future data used the limit identical for the modeling
data. From this, the user can see that the future data are beyond the limit. It is understood
that something happened in the process which leads the process technologist to ﬁnd the

Causcs.
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CHAPTERSS

CONCLUSION

This project has presented the tool which develop by using Microsoft Excel and matlab.
The overall aim of the study was to develop a process monitoring tool using multivariate
method that would enable process operators to quickly and easily identify any sources of
abnormality in the process. This paper also provided an overview of the concepts behind
multivariate statistical process control. The multivariate method can easily detect the
abnormality of the process and diagnostics assignable cause. This tools also can share

widely with other Microsoft Excel platform.
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