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Abstract

Controller tuning is one of the important aspect in industry. With a good tuning method, it can
ensure the quality of the process and product produce. Apart from that, it can protect the
environment and help the company to reduce the cost. Genetic algorithm is one of the tuning
method that increase usage and awareness in industry. Thus, the objective of this research is to
compare the performance of the conventional tuning method with the performance of tuning
method by using genetic algorithm can be seen. Optimization was done on stripping section of
distillation column by using genetic algorithm with population size of 20, 40, 60 and 80 and
comparing the result with previous optimization using Ziegler-Nichols method. The result
obtain showed large improvement in the process response especially on rise time from 1.33 s to
1.31s and settling time from 4.56 to 4.46. Finally, population size of 40 deliver the fastest rise
time and settling time.
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1. Introduction

Proportional, Integral and Derivative (PID) controller is a common form of feedback
(Astrom, 2002). It has been widely used in process industries due to their simple structure which
can be easily understood and implemented in practice (Awouda, 2010). A good PID controller
can ensure the process to work efficiently and help the industries to reduce the environmental
issues while maintaining the quality of the product that being process. For PID controller to
work properly, it has to be tuned. Genetic algorithm is a modern optimization technique that
being studied by most researchers in searching the optimal PID parameters. It is inspired by
Darwin’s theory of evolution which states that the survival of an organism is affected by rule
“the strongest species that survives” (Hermawento, 2013). Genetic algorithm can provide
solutions for highly complex search space and perform well approximately solution for all types
of problems because they do not make any assumption about the underlying fitness landscape
(Zvirgzdina & Tolujevs, 2013).

The objective of this project is to understand and investigate the efficiency of genetic
algorithm in PID tuning. In PID tuning, it is important to obtain the best solution so that the
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controller will have the fastest and stable response time. Lastly, this project contribute on the
improvement of control parameters for distillation column

2. Methodology

The general form of PID controller is given as
Gc=K(1+ ! + 1
c ( ;8 STd) ( )

To determine the controller, the transfer function of the system must be determine and
is use to generate a better parameter for the proportional time, integral time and derivative time.
This project will optimize stripping section in distillation column with the following transfer
function (Samah, 2014).

_ —0.3654s + 0.657 .
" 524+ 1.642s + 1.982 )

The basic process of genetic algorithm that being used in MATLAB can be outlined
into 6 basic steps as follow:

(s)

Step 1: [Start] Generate random population of chromosomes which represent the
number of solutions that is suitable for the problem.

Step 2: [Fitness] Evaluate the fitness of each chromosome in the population.

Step 3: [New population] create a new population by repeating following steps until the
new population is complete:

a) [Selection] Select two parent chromosomes from a population according to their
fitness. Better the fitness, the bigger chance to be selected to be the parent.

b) [Crossover] With a crossover probability rate of 4, crossover the parents to
form new offspring that is children. If no crossover was performed, offspring is
the exact copy of parents.

¢) [Mutation] With a mutation probability of 8, mutate new offspring at each
locus.

d) [Reproduction] Place new offspring in the new population.
Step 4: [Replace] Use new generated population for a further run of the algorithm.

Step 5: [Test] If the end condition is satisfied, stop, and return the best solution in
current population.

Step 6: [Loop] Go to step 2. The generation is repeat for 100 times.

The step in genetic algorithm had been summarized as shown in Figure 1. The genetic
algorithm was initialized with several number of population started with 20. It then initialized
with population size of 40, 60, and 80. The response of result produced will be analyzed in term
of overshoot, rise time and settling time. All the responses from GA will be compared with the
responses obtain by using Ziegler Nichols method.
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Figure 1: Step Response by Using Ziegler Nichols (Samah,2014)

3. Results and Discussion

From Figure 2, the responses of the system has fast rise time which is 0.66 seconds.
Rise time is defined as the time required for the response to raised from10% to 90% of its final
value. However, the peak amplitude is 1.11 and produce oscillation that increase the time for the
system to reach steady state. The overshoot of the response is 13.6%. The maximum overshoot
is increase as the damping ratio increase. Based on the result showed, the overshoot produce
does not fall in the required range and the robustness of the response showed uncertainty which
result in the increase of time for the system to achieve steady state. The result will be compared
against the controller that been optimize using GA.
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Figure 2: Simulation flow chart for auto tuning GA-PID controller.
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Figure 4: Step Response with Population Size of 40.
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Figure 6: Step Response with Population Size of 80.
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Table 1: Gain Value Obtain by using GA

Population Size Kp (Propotional Ki (Integral Gain) Kd (Derivative
Gain) Gain)
20 2.2213 2.3834 1.0499
40 2.2331 2.4106 1.0764
60 2.2152 2.3973 1.0619
80 2.2324 2.4070 1.0736

Table 2: Details of System Response by Optimizing using GA

No. of Population I?Sisgo-lr;iéz)e g\?g( rlsnr]lg(r)r; Se(tst(leiéwogn'(lj';;ne
(amplitude/percent)
20 1.32 1/0.197 4.56
40 131 1/0.183 4.46
60 1.33 1/0.195 4.5
80 131 1/0.183 4.47

Based on the Figure 4 to Figure 6, the step response showed a faster response compare
to using the conventional optimization method. The result from the graph obtain based on the
gain value that are tabulated in Table 1 which are different and more consistent compare to the
data from Ziegler-Nichols method. The data from Table 2 showed that by optimizing using GA,
the best response can be obtain even at population size of 20. It can be seen that there is no
significant difference in the response obtain at different population size. Apart from that the
overall system stability also increase compare to using Ziegler-Nichols method. Although the
rise time is longer than Ziegler-Nichols method, the time for the system to reach steady state is
faster.

The table showed that as the population size increase from 20 to 40, the rise time, and
settling time become faster and it reduce the maximum overshoot. However, when the
population size is increase to 60, the response of the system is reduce and increase again when
the population size is further increase to 80. This is due to the properties of the GA itself that
can cause a poor premature convergence and loss of best solution found.

4. Conclusions and Recommendations

This project focused on improving the PID tuning by using GA which adapted from
Darwin’s theory of evolution. The results generated from the method were compared with the
conventional tuning method which are the Ziegler-Nichols tuning method. Based on the
comparison it been proved that optimization by using GA can improve the performance of
controller compare to the Ziegler-Nichols method. The result showed that by tuning the PID
controller using GA with population size of 60 is the best as it increase the response time,
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settling time and reduce the overshoot of the system response. By increasing the performance of
the control system, the quality of the production can be maintain.

Throughout the project, it is found that to perform GA for optimization of PID tuning,
there are a lot of works need to be done such as trial and error. Although the problem could be
solve by optimizing using classical method, but it will result to time consuming and in industrial
sector, it will cost them money due to need of another tuning method need to be done. Thus, by
having a proper and faster method to predict the suitable parameter for the GA, the usage of GA
in optimization can be improve. Apart from that, the result produced by optimizing using GA
can be improved by introduced suitable constraint. There are several constraint that can be used
such as penalty function, search of feasible solution, preserving feasibility of solutions and
hybrid method.
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