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The main objective in this study is to control the process variables (water level, temperature and flow
control) of PCT 100 machine using PID controller which will be tuned by PSO/GA algorithms. The
proposed work is to do automatic tuning of PID controller parameters i.e. Kp, K;, Kp by intelligent
methods such as GA/PSO. So the problem of tuning the PID parameters manually is eliminated and
automatic tuning gives better results.
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INTRODUCTION

Process as used in the terms process control and process
industry, refers to the methods of changing or refining raw
materials to create end products. The raw materials, which
either pass through or remain in a liquid, gaseous, or slurry (a
mix of solids and liquids) state during the process, are
transferred, measured, mixed, heated or cooled, filtered, stored,
or handled in some other way to produce the end product.
Process control refers to the methods that are used to control
process variables when manufacturing a product. For example,
factors such as the proportion of one ingredient to another, the
temperature of the materials, how well the ingredients are
mixed, and the pressure under which the materials are held can
significantly impact the quality of an end product.
Manufacturers control the production process for three
reasons:

e Reduce variability
e Increase efficiency
e Ensure safety

The basis for analysis of a system is the foundation provided
by linear system theory, which assumes a cause effect
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relationship for the component of a system. Therefore a
component or process to be controlled can be represented by a
block as shown in Fig.1.

Input Output
—l

Process

Fig. 1.

The three main categories by which a process can be controlled
are: ON/OFF control, open loop control and closed loop
control.

A proportional-integral-derivative (PID) controller is a generic
control loop feedback mechanism widely used in industrial
control systems. A PID controller calculates an “error” value
as the difference between a measured process variable and a
desired set point. The controller attempts to minimize the error
by adjusting the process control inputs. The PID controller
calculation involves three separate parameters and is
accordingly some time called three-term control: the
proportional, the integral and derivative values, denoted P, I,
and D. The weighted sum of these three actions is used to
adjust the process via a control element called actuator. This
paper is focused on to improve the performance of PID
controller of the bench-top system which implements several
continuous fluid processes. This system is normally found in
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food and drinks manufacturing, petrochemicals production,
water purification, sewage processing and many other area of
industry. The paper is organized as follows: in Sec. II is briefly
described, for the reader’s convenience, the salient features of
Processes Rig PCT-100considered throughout the paper. Sec.
IIT contains the details of the software designing to improve the
performance of PID controller and the block diagram of the
designed software is described, together with the experiment
conceived for estimating the performance of PID controller.
The simulink models used is described in Sec. IV. Some
experimental results are then reported in Sec. V, and
conclusions in Sec. VI.

PROCESS RIG PCT-100

The PCT-100, Process Control Technology unit, is a fully
integrated, self-contained bench top apparatus consisting of a
Process Module, and a Control Console with a built in power
supply. A Windows based software with full control and data
acquisition is included. A number of experiments in process
control are included covering flow, level, pressure,
temperature, and combinations of the processes. The Control
Console is easily connected to a PC using the USB connection
or to a PLC using a D type connector. The Console has a
mimic of the Process Module on the front and includes fault
switches, and test points from all of the transducers. Level is
measured using a 0 to10V magnetostrictive sensor; pressure is
measured using a gauge 0 to Sbar sensor and flow using a
turbine flow rate sensor. PT100 is used to measure temperature
in both the sump and process tank. The front of the control
module has a schematic of the Process Rig, ON/OFF indicator,
six illuminated fault switches, test points, indicators to show
the operational status of the elements on the rig, and a
backlight switch to turn on the backlights for the displays on
the rig shown in Fig 2.

Fig. 2. Process Rig PCT-100 Kit

A diverter valve is used to direct the liquid through a forced air
cooling process to cool the liquid in the system. Two
proportional valves are used to control flow in to and out of the
process tank, a manually adjustable needle valve is used to add
disturbances to the system and a pressure relief valve fitted for
safety. Data is displayed on the five LCD displays fitted to the
Process Module, and through the software data can be
monitored, saved or printed. The software has a PID controller
with Supervisory Control and Data Acquisition and trending
features.

The PC based control system consist of the following
elements. Fig. 3 shows the block diagram of PCT-100 digital
control loops.

Error DAC

Electronics Ip
Acti r rocess
Drive el A ctuat or Ll

Circuit
(PID)

Signal Feed back
Conditioning Transducer
(Sensor)

Fig. 3. Block Diagram of PCT-100 Digital Control Loops

e Control Algorithm - GA/PSO is used to
optimization of PID controller i.e. Kp, K;, Kp.

e PID Controller- A PID controller calculates an error value
as the difference between a measured process variable and
a desired setpoint. The controller attempts to minimize the
error by adjusting the process through use of a manipulated
variable.

e DAC- In all digital control loops the controller output is
converted to an analogue signal with a DAC, usually
followed by a zero order hold device.

e Actuator — Actuators are used to change the valve settings.

e Process- Process includes level, flow, temperature, pressure
control in Process Rig.

e Feedback Transducer — The process variable is measured
using feedback transducer and this signal is sampled every
T seconds by the control module.

e Signal Conditioning- Signal conditioning used to convert
the current signal into voltage with amplified value to
interface it with ADC.

search

Software implementation

PSO/GA algorithms are implemented using MATLAB
Software, in order to control the process variables of PCT 100
machine. As the first step, mathematical modeling of the PCT
100 machine for its each process variables is done. After that
the SIMULINK Model is formed from these equations either
by taking the Laplace Transformation of these mathematical
equations or by directly representing the equations in Simulink
Model. Input and output are shown. Then the PID controller is
used to control the process variable. The tuning of PID
controller’s parameters K,, K;, and K4 (proportional, integral
and derivative constants) is done by PSO/GA algorithms.
PSO/GA algorithms tune the PID parameter in such a way so
as to minimize our fitness or objective function and to achieve
the desired set point. The block diagram to tune the control
process variable using PSO/GA algorithms is shown in Fig 4,
the desired input is fed to the comparator which compares the
desired input and controlled output. The resulting error signal is
then fed to the PID controller. Then depending on the error
signal, PID controller controls the process and then this output
is again fed to comparator and this whole process continuously
run till the error becomes zero i.c. till we get our set point.
When we tune the parameters of PID controller by PSO/GA
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algorithm, then the whole process will run till the numbers of
iterations are finished.

PSO/GA
Tuned Gain
Parameter
“Snles
Controller
\
Desired Input Comparator
(Waterlevel, (Desired input Controlled
temper ature or and controlled Output
flow rate) Output)

Fig. 4. Block Diagram to Tune the Control Process Variable Using
PSO/GA Algorithms

Simulink model for different process variables

The mathematical modeling of Process Rig PCT 100 for each
of its process variables has been done. The PID controller is
used to control the process variables such as water level,
temperature and flow rate. The simulation of Process Rig PCT
100 for each process variables has been done in MATLAB.
The SIMULINK model of each process variables has been
controlled by PID controller. The tuning of PID controller
parameters has been done by using GA/PSO algorithm. Fig.5
shows the SIMULINK Model to Control Water Level of PCT-
100 Using PSO/GA Algorith, Fig. 6 shows SIMULINK Model
to Control Temperature of PCT-100 using PSO/GA Algorithm
and Fig. 7 shows the SIMULINK Model to Control Flow Rate
of PCT-100 using PSO/GA Algorithm.
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Fig. 5. SIMULINK Model to Control Water Level of PCT-100
Using PSO/GA Algorithm

The SIMULINK modelsin Fig.5, Fig.6 and Fig.7have been
incorporated with PID controller. The desired set point is
defined by unit step function. The m files containing the PSO
and GA codes are simultaneously run along with the
SIMULINK model to obtain the tuned parameters of the PID
controller. Two scopes are used. First scope is used to calculate
the value of Rise Time, Settling Time, Overshoot and Steady

State Error. Scopel gives the waveform of Set point and
measured variables are obtained simultaneously.
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Fig. 6. SIMULINK Model to Control Temperature of PCT-100
Using PSO/GA Algorithm

Controller

@ PID

Step

Voltage Speed

de motor

ISE Function

o]
Math Integrator
Function

To Workspacel

Fig. 7. SIMULINK Model to Control Flow Rateof PCT-100 Using
PSO/GA Algorithm

RESULTS AND DISCUSSION

After implementing the PSO and GA algorithm to control the
PID parameter, the results are obtained. The rise time, settling
time, steady state error and overshoot is compared with and
without PSO and GA algorithms.

Table 1. Water level Control at Different Setpoints

Control System Performance Parameters
glgh()d for Setg)oint Set.tling R_ise Steady Oversh
controller ) Time Time State oot (%)
(s) (s) error (%)

35 60.203  40.203 9.45 0

45 59.407  59.203 13.27 0
Temperature 55 59.603  59.406 20.1 0
control On 70 59.406  59.203 31.96 0
PCT 100 80 59.406  59.203 30.01 0

90 59.406  59.203 48.04 0

A. Experimental Results of Process Rig PCT 100 Process
Variables

The results of the process variables such as water level control,
temperature control, and flow rate control are done with the
help of Process Rig PCT 100.The results of the process
variables such as water level control, temperature control, and
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flow rate control are done with the help of Processes Rig PCT
100. The flow rate control of water at set point 1 L/m is carried
out. At that time temperature of sump tank is 29.4 °C and the
temperature of process tank is 24.5 °C, level percentage is 54.2
and flow rate is 1.03 L/m. Tables 1, 2 and 3 shows the
experimental results for water level, temperature and flow rate
control at different set points.

Table 2. Temperature Control at Different Setpoints

Control System Performance Parameters
method for  Setpoint Settling Rise Steady Overshoot
PID (cm) Time(s) time(s)  State error (%)
controller (%)
Water level 30 47.807 13.04 0.59 0
control On 45 35.010 5.604 0.10 0
PCT 100 60 23.604 8.807 0.39 0

70 30416  10.506 0.20 0

80 40.010 9.504 0 0

90 58.60 10.39 0.20 0

Table 3. Flow Rate Control at Different Setpoints

System Performance Parameters

Control Sptpoigt Settling  Rise Steady Overshoot
method (Litre/min)  Time  Time  State error (%)
for PID ORENC) (%)
controller

0.5 26.609 1.110 0.73 1.52
Flow Rate 1.5 20.016 0916 0.52 1.89
control 2.5 18.015  0.694 0.10 2.75
On PCT 35 17.204  1.000 0.10 2.83
100

Table 4. Water level Control at Different Setpoints

Control System Performance Parameters
method for Setpoint  Gettling Rise Steady Overshoot
PID (cm) Time Time  State error (%)
controller (s) (s) (%)

30 37.150 8.430 0.548 0.013
Water level 45 32.970 4.826 0.345 0.454
control 60 38.950 5.832 0.406 0.301
without 70 39.360 8.542 0.5374 0.4550
PSO/GA 80 37.146  11.250 1.051 0.4552

90 40.147  12.503 2.054 0.4553

Table 5. Temperature Control at Different Setpoints

Control System Performance Parameters
method for Setg)oint Settling  Rise Steady Overshoot
PID &) Time Time State (%)
controller (s) (s) error (%)

35 43.91 24.69 38.81 0
Temperature 45 4391 24.69 44.75 0
control 60 4391 24.69 59.70 0
without 70 43.91 24.69 69.62 0
PSO/GA 80 43.91 24.69 79.57 0

90 4391 24.69 89.51 0

Table 6. Flow Rate Control at Different Setpoints

Control System Performance Parameters
method for Setpoint Settling Rise Steady ~ Overshoot
PID (Litre/min)  Time(s)  Time(s) State (%)
controller error (%)

Flow Rate 0.5 30.403 0.842 0.017 0.008
control 1.5 28.179 0.839 0.058 0.025
without 2.5 25.317 0.830 0.087 0.087
PSO/GA 3.5 22.201 0.826 0.163 0.763

B.Simulation Results Of Process Variables Without Using
Ga/Pso

The simulation results of different process variables water
level control, temperature control, and flow rate control have
been controlled by a PID controller. The simulation results
obtained with respect to these different process variables at
different set points are listed in Tables 4, 5 and 6.

C. Simulation Results Of Process Variables Using GA/PSO

To analyze the performance of Process Rig PCT 100 by
implementing PSO/GA algorithms it has been modeled by
means of SIMULINK as explained earlier. The different
process variables such as water level, temperature and flow
rate have been controlled by a PID controller whose
parameters are tuned by GA/PSO algorithm. The simulation
results are obtained with respect to these different process
variables and are discussed in this section. Simulation is done
for water level control with the setpoint at 30cm using genetic
algorithm change is shown in Fig. 8. The rise time obtained
from scope is 0.2635s, settling time is 0.4598s, steady state
error is 0.149 and overshoot is 0.2292.

Water Level
(cm)

ol 1 1 1 1 1

a 100 200 300 400 500 800
Time(s)

Fig. 8. Water Level Control Using GA Algorithm at SP =30cm

Fig. 8 Water Level Control Using GA Algorithm at SP = 30cm
The simulation result of temperature control at setpoint 40 °C
using genetic algorithm shown in Fig. 9. It has been obtained
from the scope the rise time is 0.7433s, settling time is
5.1857s, overshoot is 9.9319 and the steady state Error is 0.
Simulation is done using genetic algorithm with a setpoint of
1L/m and the response as shown in Fig. 10. The value of rise
time is 0.0677s, settling time is 0.7586s, steady state error is 0
and overshoot is 7.3802. Similarly the parameters of PID
controller are tuned using PSO algorithm shown in Fig. 11 and
different values are recorded.

D. Comparison of Experimental and Simulation Results with
and without PSO/GA Algorithm at Various Setpoint

The comparison of experimental and simulation results of
process variables such as water level, temperature and flow
rate is done. The comparison of temperature control is shown
in Tables 7. The experimentation is done with the help of
Processes Rig PCT 100 and simulation is done using
MATLAB. Similarly the comparison of water level and flow
rate control is performed and the researcher analyzed that the
overall performance of the system using GA and PSO
algorithm is better than the system without using GA/PSO
algorithm and Process Rig PCT 100.
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Fig. 11. Control of Flow Rate Using PSO Algorithm at SP = 1L/m

Table 7. Comparison of Experimental and Simulation Results Temprature Control using and not using GA/PSO

Set c ! hod for PID m System Performance Parameters
Point (°C) ontrol method for controfier Settling Time (s) Rise Time (s) Steady State error (%) Overshoot (%)
On Processes Rig 60.203 40.203 9.45 0
Without PSO/GA 43.91 24.69 38.81 0
35 With GA 5.1869 0.7438 0 0
With PSO 1.2146 0.7480 0.05 1.4059
On Processes Rig 59.407 59.203 13.27 0
Without PSO/GA 43.91 24.69 40.75 0
45 With GA 5.1856 0.7430 0.01 9.9323
With PSO 1.0584 0.6387 0.05 0.8793
On Processes Rig 59.603 59.406 20.1 0
Without PSO/GA 4391 24.69 42.70 0
55 With GA 5.2054 0.7438 0.01 9.8609
With PSO 1.2753 0.7519 0.15 0.5473
On Processes Rig 59.406 59.203 31.96 0
Without PSO/GA 43.91 24.69 38.62 0
70 With GA 5.1809 0.7413 0.15 9.9146
With PSO 1.1249 0.6812 0.30 0.9144
On Processes Rig 59.406 59.203 30.01 0
Without PSO/GA 43.91 24.69 35.57 0
80 With GA 4.8365 0.8956 0.10 18.3232
With PSO 1.1402 0.6948 0.40 0
On Processes Rig 59.406 59.203 48.04 0
90 Without PSO/GA 4391 24.69 47.51 0
With GA 5.4278 0.7823 0.10 9.7866
With PSO 1.2277 0.7648 0.50 1.3757
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Conclusion

The main objective of this work is to improve the performance
of PID controller for process variables. The PID controller is
used to control the process variables. The parameters of PID
controller has been tuned by using PSO/GA algorithm because
manual tuning of the PID controller is a tedious process and it
takes very long time because it is based on hit and trial
method. So to make the PID controller speed faster, PSO/GA
algorithm is used. PSO/GA algorithms tune the PID controller
parameters by reducing the fitness function which is error
function. In each iteration of PSO algorithm and in each
generation of GA algorithm, the value of error function is
reduced and gets the steady state value. The performance
parameters (rise time, settling time, steady state error and
overshoot) are improved by using PSO/GA algorithm. The
codes for PSO algorithm and GA algorithm were written in
Matlab. The SIMULINK models for different process variables
was developed and simulated through MATLAB m files
containing PSO/GA code.

Future scope

In PSO and GA algorithms, both have some drawback. In GA,
in spite of its capability of searching solution in parallel,
crossover and mutation rates can subtly affect the convergence
and also its ability to control convergence is less than PSO.
The drawback of PSO is that the swarm may prematurely
converge. A further drawback is that stochastic approaches
have problem—dependent performances. This dependency
usually results from the parameter settings in each algorithm.
The problem dependency can be addressed through hybrid
mechanism. It combines different approaches, so that the
advantages of each approach can be benefited.

Hybrid algorithm, comprising merits of both GA and PSO is
used to get optimal gain parameters of PID controller to
improve the performance of PID controller. Then PID gain
parameters are obtained by tuning with GA, PSO and Hybrid
algorithm using objective function as linear relation with
system specification as rise time, settling time, peak over shoot
and integral square error (ISE). System response owing to
these parameters is compared. Hybrid algorithm is expected to
overcome the weakness of GA, PSO tuning techniques and to
be more acceptable for industrial practice.

Acknowledgement

I am greatly thankful to honourable, Director, NITTTR
Chandigarh, for allowing me to conduct the experimentation
on the Process Rig PCT 100, in the Electrical Instrumentation
Laboratory, NITTTR, Chandigarh.

REFERENCES

Aditya SarjakKantha, AyushUtkarsh and J. Ravikumar,
“Hybrid Genetic Algorithm-Swarm Intelligence Based
Tuning of Continuously Stirred Tank Reactor”,
Proceedings of IEEE Conference on Process Control
Systems and Applications, Warangal, pp.1-7, December
2010.

Ahmad M., L. Zhang, J. C. Readle, “On-Line Genetic
Algorithm Tuning of a PI Controller for a Heating system”,
Proceedings of IEEE Conference on Genetic Algorithms in
Engineering Systems: Innovations and Applications,
United Kingdom, pp. 510-515, September 2002.

Ali Marzoughi, HazlinaSelamat, FoadMarzoughi, “Application
of Particle Swarm Optimization Approach to Improve PID
Performance for a Gas Turbine Temperature Control
System”, Proceedings of 2010 IEEE Student Conference on
Research and Development, Putrajaya, Malaysia, Vol.48,
pp- 224-229, December 2010.

Chao Guo, Yingwei Zhang, Xiangiang You, XueChenand
Yang Zhang, “Optimal Control of Continuous Annealing
Process Using PSO”, Proceedings of the IEEE International
Conference on Automation and Logistics, Shenyang,
China, Vol.2, pp. 602-606, August 2009.

Chia-Ju Wu and Guan-Yu Liu, “Design of Fuzzy Logic
Controllers Using Genetic Algorithms”, International
Conference of Department of Electrical Engineering,
National Yunlin University of Science and Technology,
Taiwan, Vol. 24, pp. 104-109, December 2000.

Cyril Joseph, Dr. V. L. George, and Dr. P. R. Venkateswaran,
“Design and Implementation of Model Predictive Control
for A Three-Tank Hybrid System”, International Journal
of Computer Science and Electronics Engineering
(IJCSEE), Karnataka, Vol.1, No.2, pp.167-171, December
2013.

Dongyun Wang and Guan Wang, “Parameters Optimization of
Fuzzy Controller Based on Improved Particle Swarm
Optimization”, International Conference on Intelligent
Information Hiding and Multimedia Signal Processing,
Zhengzhou, Vol. 48, pp. 917-921, February 2008.

Hui-Qui Sun, Yun Du, Wei-Lu Zhu, Su-Zhi Wang, “Research
On Fuzzy Self-Regulating PID Controller For SRM Speed
System Based On PSO Algorithm”, Proceedings of the
International Conference on Machine Learning and
Cybernetics, China, Vol. 2, pp. 1363-1368, July 2013.

Liangyu Ma, Kwang Y. Lee and Yinping Ge, “An Improved
Predictive Optimal Controller with Elastic Search Space
for Steam Temperature Control of Large-Scale
Supercritical Power Unit”, Proceeding of 51 IEEE
Conference on Decision and Control, Hawaii, USA,
Vol.24, pp.7024-7029, December 2012.

M.K.Tan, Y.K.Chin, H.J. Tham, “Genetic Algorithm Based
PID Optimization in Batch Process Control”, Proceedings
of International Conference on Computer Applications and
Industrial Electronics, Malaysia, Vol.3, pp.162-167,
November 2011.

Ma Z. and A. Jutan, “Control of A Pressure Tank System using
A Decoupling Control algorithm with A Neural Network
Adaptive Scheme”, Proceeding of IEEE Conference on
Process Control Theory Applications, Canada, Vol. 150,
No. 4, pp. 389-400,July 2003.

Min Woong Hwang and Jin Young Choi, “Hybrid Feed
forward and Feedback Control of Wafer Temperature in
RTP Using Genetic Algorithm and Fuzzy Logic”, IEEE
International Conference on Intelligent Processing
Systems, China , pp. 93-97, October 2001.

MohdAzri Abdul Aziz, Mohd Nasir Taib, Ramli Adnan, “The
Effect of Varying Inertia Weight on Particle Swarm
Optimization (PSO) Algorithm in Optimizing PID



31610

International Journal of Current Research, Vol. 08, Issue, 05, pp.31604-31610, May, 2016

Controller of Temperature Control System”, IEEE 8™
International Colloquium on Signal Processing and its
Applications, Malaysia, Vol 4, pp.545-548, November
2012.

Ravi Kumar Jatoth, Ayush Kumar Jain, T. Phanindra, “Liquid
Level Control of Three Tank System Using Hybrid GA-
PSO Algorithm” Proceedings of Nirma University
International Conference on Engineering (NUICONE),
Warangal, Vol. 4, pp.1-7, January 2013.

Renfei Liao, Christine W. Chan, Gordon G. Huang, “A Fuzzy
Logic Controller for an Oil Separation Process”,
Proceeding of IEEE International Conference on University
of Regina, Regina, pp. 1045-1048, May 2005.

Sanju Saini, Sarita Rani, “Temperature Control Using
Intelligent Techniques”, Proceedings of the Second
International Conference on Advanced Computing &
Communication Technologies, Murthal, Vol.2, pp.138-145,
September 2012.

Thamallah Ali, Sakly Anis, M’SahliFaouzi,” Constrained
Multivariable  Predictive ~ Controller =~ Based  on
PSO Algorithm and T-S Fuzzy Modeling Approach”,

15™nternational Conference on Sciences and Techniques
of Automatic Control &Computer Engineering, Tunisia,
pp. 117-122, December 2014.

VineetShekher, Pankaj Rai, Om Prakash, ‘“Performance
Evaluation of an Intelligent Controller Design for a
Ceramic Infrared Heater”, Proceedings of International
Conference on Communication, Information & Computing
Technology (ICCICT), Mumbai, Vol. 4, pp.1-7, October
2011.

Yang Yong, Luo An, “Coordination Optimization-based
Variable Structure Control for Main Stream Pressure of
Power Plant”, International Conference on Advanced
Control System and its Applications, Changsha University
of Science and Technology, China, Vol. 2, pp. 1-5, June
2006.

Yonghong Huang, Xuejun Yang, “Genetic-Algorithm-Based
Adaptive Control of Superheat Steam Temperature on a
Power Plant Boiler”, Proceedings of Second International
Symposium on Intelligent Information Technology
Application, China, Vol. 24, pp.585-588, December 2009.

seskeskeoskoskookok



