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Abstract—Industries need quality control as it can help to
decrease operation cost, to improve product quality, etc. Quality
control can be established by controlling the quality of raw
materials, controlling of process variable by using control
systems (such as PI/PID controller), and so on. A well known
method that can be used to measure the performance of the
controlled variables is the Statistical Process Control (SPC). In
this paper, the operation cost, the product quality, process
pressure, and production rate from the Tennessee Eastman
process simulation were evaluated by using SPC method. The
Tennessee Eastman process was simulated by using SIMULINK
and MATLAB 7.01 software. Besides evaluation, the control
system design from outcome tuning parameters controller Pl was
studied.
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1. Introduction

Quality control is important to industries as it can decrease
defective products, reduce operations cost, and improve
product quality. Quality control can be established by
controlling the quality of raw material, controlling the process
variable use controller (such as PI controller), and others.
Previously quality control was only conducted at final stages
of a product. This resulted in various losses, such as loss of
consumer trust, many unsold defective products, increase in
operation cost, and other negative impacts. A method that can
be used to monitor quality controlling is known as Statistical
Process Control (SPC) [1-3].

SPC softwares are usually are located in the office level
which is used to assess the performance of the process
industries. In the past, such approaches were difficult to
implement. However, with the technological advances within
the industrial automation systems driven by advancement of
communication and networking technologies, this task now
can be performed easily. The important software in interfacing
data from the field level to the office level is the Open Process
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Control (OPC) software. Today the data from the sensors and
actuator in the field level can be easily located within a single
database, which allows an easier review of entire operational
performance and trends (rather than unit by unit) from a single
location. Collected data may also be used to document
environmental regulatory compliance. Integration of plant data
with  business applications will automatically provide
informed business decisions. Long-term data storage enabling
high volumes of data can be analyzed to ensure best practices
to achieve the best quality product and to minimize energy
consumption, while incidents can be analyzed and avoided.

At the network level, today process automation intensively
uses computer network technologies and intelligent sensors
and actuators. Communications in process automation is now
dominated by the Ethernet protocol, replacing the old serial
communication using RS 232 or RS 485. Many vendors have
developed the Ethernet version of their communication
protocol in order to gain faster transmission over the old serial
transmission. Latency tests of Ethernet has shown faster data
transmission rates than RS 485 by using the Modbus protocol
[4]. Many advantages and new different ways of performing
transparent process automation using the Ethernet have been
developed by vendors. This will improve the implementation
of plant-wide control using advanced control methods that
needs real-time process variables for comprehensive, fast and
accurate compensation.
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Figure 1: Transparent Process Automation Hierarchy

Figure 1 shows the transparent process automation
hierarchy by using Ethernet and OPC technology denoted by
the blue line. By using these technologies, engineers can
perform not only the calculation for the controllers but can
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also directly manipulate the controller by using many
engineering science calculation softwares and optimizations.
The SPC software in the plant information management
system also gain benefits from this network communication as
it can be incorporated to the advanced control engineering
software and the human machine interface (HMI), to gather
data and to deliver the results to the controllers. Moreover,
Ethernet communications is now being developed to replace
the conventional analog signal transmission from the
controller to sensors and actuators and vice versa, denoted in
Figure 1 by the orange lines. By using faster industrial data
communication, integrated monitoring and control systems
over a wider plant area can be applied to perform better
process production beyond the conventional industrial data
transmission using analog signal.

Plant-wide control within Tennessee Eastman (TE) is an
interesting and challenging problem in industrial process
control. The TE problem was first proposed by Downs dan
Vogel in 1993 [5]. The problems include multivariable
process control, multi objective optimization, adaptive and
predictive control, interacting control, nonlinear control,
identification and estimation, diagnostic and monitoring,
education, and others. Since the TE problem was accepted as a
standard experimental apparatus in plant-wide control design,
more than 60 papers have been published internationally. The
TE process represents a process simulator which mimics the
real process. The diagram block of the TE process is shown in
Figure 2. The process consists of many units, such as an
exotermic reactor, a two-phase reactor, a flash separator and a
reboiler stripper. In this TE process, there are 41 measured
output variables and 12 manipulated variables. Using the TE
process, various research from different perspectives and
various control methods — with many different level of
difficulties and complexities — can be conducted close to the
real process [6,7].

The objectives of this paper are to evaluate operation cost,
product quality, process pressure, and production rate from
Tennessee Eastman process simulation, and to study control
system design from the outcome tuning parameter controller
Pl by using SPC method. The outlined problems are: the
system is linear system so there is no disturbance in simulation
process, the simulation process is a simplified process
(MATLAB with Fortran to simulink), the quality product is
focused on G product composition, the analysis is done off-
line, and the process is viewed from overall perspective.

The Tennessee Eastman process is provided by using basic
control system as shown in Figure 2. In this paper, the
Tennessee Eastman process is viewed from overall
perspective (Figure 3) and simulated by using SIMULINK
and MATLAB 7.01 based on simulation process developed by
Ricker, 2000 [8]. In every stream of the Tennessee Eastman
process, overall process uses Pl controller where Kc and |
denote the gain and the integral parameters respectively [9].
The simulation process is divided into 2 sections, the
preliminary and the main sections.

In the introduction section, based on the Tennessee
Eastman overall process, the controller parameter value was
changed. Controller parameter values are increased by
multiplying with 100 and decreased by dividing with 100
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from the default controller parameter values. First, the process
is simulated with no controller parameter change (called the
default condition). Then one of the controller parameter
process value is increased from the default parameter value
and the simulation is repeated from the start. Next, the other
controller parameter process value is decreased from the
default parameter value and the simulation is repeated from
the start. But the other controller parameter value is still at
default value. The simulation result when the parameter values
are at the default, increased, and decreased states were
collected for the SPC analysis.
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Figure 2: Tennessee Eastman Process Scheme with Basics
Controlling (McAvoy, Ye, 1994) [6]

Sample from data of each simulation was taken every 1
hour and UCL and LCL for control chart (x and MR chart)
was calculated using equations below with n is 3:

For x chart :
N
- N
X == 1)
N
UCL=x+E,MR )
centre line (CL) = x (3)
LCL=x-E,MR (4)

For MR chart :

MR = range fromx; until x; (5)

UCL= D,MR (6)
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centre line (CL)= MR (7
LCL= D,MR ®)

The constants are given in Table 1 in the following.

Table 1 Constants for x chart and MR chart
(Smith, 1998) [2]

n D; D, E,
2 0.000 3.267 2.659
3 0.000 2.574 1.772
4 0.000 2.282 1.457
5 0.000 2.115 1.29
A Feed >
D Feed Tennesse Purge N
E Feed Eastman
2e > Process Product
C Feed >

Figure 3: Tennessee Eastman Overall Process Scheme (McAvoy,
Ye, 1994) [5]

2. Simulation Procedures

Simulation is carried out by using the TE process
simulation software developed in [8]. After simulation, each
controller parameter value was studied and the controller
parameter values that give the best state and the worst state
based on control chart criteria are selected.

Results are then analyzed by comparing operation cost,
product quality, process pressure, and production rate control
chart between the controller parameter values at default
condition and at change value conditions. In the introduction
section, the compared control charts are obtained when the
controller parameter values are at default, increased, and
decreased conditions. Next, the controller parameters that give
significant difference in the control chart at 3 conditions for
Tennessee Eastman overall process are called influential
controller parameters. In the main section, the compared
control charts are the control chart where every controller
parameter value is at changed condition with control chart at
the default condition.

The Tennessee Eastman process is viewed from the overall
perspective to decrease controller parameter which is then
tested. The tested controller in the introduction section are the
controller at A, C, D, and E feed rate, purge rate, production
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rate, and %G in product in Figure 3, with the controller
parameter Kc and t,. The infuential controller parameters
which resulted from the introduction section are the A feed
rate controller Kc and t, parameters, C feed rate controller Kc
and t, parameters, production rate controller Kc parameters
purge rate controller Kc and t, parameters, %G in product
controller Kc and t, parameters.

In the main section, the value of each controller parameter
that were resulted from the introduction section is then
changed. Next, from the main section result, the parameter
values of each controller that give the best and the worst
condition is selected. The criteria for the value selection of
each controller parameter that give best condition are given in
the following:

1. It does not pass LCL and UCL, for x and MR chart, and
for operation cost, product quality, pressure and production
rate.

2. It has lower operation cost average, or higher product
quality average, or pressure average that more closer to set
point (2800 kPa), or higher production rate average than
default condition.

The criteria for the worst condition is opposite to the criteria
for the best condition.

3. Analysis and Results

Result analysis was done by compareing the operation cost,
product quality, process pressure, and production rate control
chart between the controller parameter change value condition
with the default condition. In the introduction section, the
control chart that was compared are the controller parameter
values at default condition, at increased value condition, and
decreased value condition. Example of the control chart from
the introduction section result is T, parameter for %G in
product controller shown in Figure 4(a) at the increased
contoller parameter value condition, and Figure 4(b) for the
decreased controller parameter value condition. In the main
section, the control chart that was compared are the controller
parameter values at the default condition and the changed
value condition. The results of the value selection of the
controller parameters from the main section are shown in
Table 2. Example of the control chart from the main section
result is t, parameter for %G in product with best condition
shown in Figure 5.
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Figure 4: Example of Control Chart (x and MR Chart) from the
Introduction Section Result When Controller Parameter at (a)
decreased value condition, (b) increased value condition
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Figure 5: Example of Control Chart (x and MR Chart) from the
Main Section Result for: (a) Operation Cost, (b) Quality, (c)
Pressure, (d) Production Rate.

Based on the Tennessee Eastman overall process
perspective, it was observed that not all Pl controller
parameter shows significant effects in operation cost, quality,
pressure, and production rate between condition at changed
value controller parameter and condition at default value
controller parameter. The controller parameters on overall
process that had significant influent are A feed rate controller
Kc and t, parameter, C feed rate controller Kc and T,
parameter, production rate controller Kc parameter, purge rate
controller Kc and t, parameter, %G in product controller Kc
and t, parameter.. The operation cost at the default condition
(controller parameter have not changed yet) passed UCL for x
and ME chart.
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Table 2: Each Controller Parameter Value for Default,
Best, and Worst Condition from the Main Section Result

Default Best Condtion Worst Condition

C(I)Intro Condition
er Kc T Kc T Kc T

A feed 0,01 0,001/ 1 0,00001/ | 0,000333 0,03/
rate 60 60 60
C feed 0,00 | 0,001/ | 0,000 | 0,01/60 | 0,000033 0,09/
rate 3 60 3 60
Product 3,2 — 0,32 — 128 —
ion rate
Purge 0,01 0,001/ 0,9 0,000011 | 0,000167 0,06/
rate 60 1/ 60 60
%G in -0,4 100/ -0,04 | 1000/60 -4 11,11/
product 60 60

A feed rate controller (Kc) parameter and %G in product
controller (t;) parameter show significant tendency when their
value was increased such that the control chart would not pass
their limit and when their value of parameter was decreased so
that the control chart would pass their limit. A feed rate
controller t, parameter showed tendency when the controller
parameter value was increased such that the control chart
would pass their limit and when the value was decreased such
that the control chart would not pass their limit. C feed rate
controller Kc and t, parameter, production rate and %G in
product controller Kc parameter, purge rate controller Kc and
T, parameter did not show any tendency in the control chart.

Value changing of each parameter values of the controller
could give better chart result (x and MR) than the default
value condition. Control chart can be used to provide easier
overview of the process and the offset for chemical industry
like Tennessee Eastman process. If the range value between
UCL and LCL in control chart is samller, then the system
response reaches the set-point with less oscillation. Only the
purge rate controller with Kc and t, parameter at the best
condition that gave lower operation cost average than at the
default condition and the other controller parameter at best
condition.

4. Conclusions

The Tennessee Eastman process has been investigated from
the plant wide control consideration by using statistical
process control analysis. By using SPC, the Tennessee
Eastman process can be evaluated and studied so the
controller parameter values that gave better result than the
default condition on operation cost, product quality, process
pressure, and production rate can be obtained. In the future, it
would be better if the controller parameter values were
changed with particular selected parameters that can give
better results, particulary on operation cost. Moreover, the
investigation needs to include the effect of the set point value
used in the process.
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Notation

X  sample

x  sample (x) average

MR Moving Range average

LCL Lower Control Limit

MR  Moving Range sample

n  number of sample that use to calculate a MR
N number of sample

UCL Upper Control Limit
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