IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

- Simulation model of speed control DC

Microwave heating control system using genetic molr ysing actonal orger PID coole
. igo Wati, Subiyanto an utarno
algorithm-based PID controller

- Modified ant colony optimization based
PID controller design for coupled tank

. . . . . . system
To cite this article: E Apriaskar et al 2022 IOP Conf. Ser.: Earth Environ. Sci. 969 012060 Sumika Chauhan, Bhawana Singh and

Manmohan Singh

- Experimental studies on active vibration
control of a smart composite beam using
a PID controller
Miroslav M Jovanovi, Aleksandar M
Simonovi, Nemanja D Zori et al.

View the article online for updates and enhancements.

EBS) e Eictrochemical Society
242nd ECS Meeting

Oct 9 - 13, 2022 » Atlanta, GA, US

Early hotel & registration pricing

ends September 12 ECS Plenary Lecture featuring

M. Stanley Whittingham,
Binghamton University
Nobel Laureate —

Presenting more than 2,400
technical abstracts in 50 symposia 2019 Nobel Prize in Chemistry

This content was downloaded from IP address 125.163.176.19 on 18/07/2022 at 13:29


https://doi.org/10.1088/1755-1315/969/1/012060
https://iopscience.iop.org/article/10.1088/1742-6596/1444/1/012022
https://iopscience.iop.org/article/10.1088/1742-6596/1444/1/012022
https://iopscience.iop.org/article/10.1088/2631-8695/ac2bf3
https://iopscience.iop.org/article/10.1088/2631-8695/ac2bf3
https://iopscience.iop.org/article/10.1088/2631-8695/ac2bf3
https://iopscience.iop.org/article/10.1088/0964-1726/22/11/115038
https://iopscience.iop.org/article/10.1088/0964-1726/22/11/115038
https://iopscience.iop.org/article/10.1088/0964-1726/22/11/115038
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssY7EybO9pXKHjkQkI9tJccP-9oHzK66bHl1liHbQtJytThASCiO2spicDsabcdhME5DHE2aXHZa3-8cHY10JN5wCFDE4nMMmg4hHNr7Eq3Sy2RTB47xoNd34ghj2d5HnLUR29Mn99vM96ybq8ZKa4BFfB6JHw6J_W_8uNGW8Lacr9jZkuda51tJ0-LcPKOi8TTNBdtoA6Vq2vjQnV_LKu2nC1F2BgbMOEwn8LrIPMaZrudjrppXLlBlIKV2fBh-h6h4ivWZ5NQAqaiGmqdo3X0_9H4y0N-g88bj6L1rKYmjQ&sig=Cg0ArKJSzOZIZe1YjHDY&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dcdc97533-dd9f-4411-a7c2-faa5b85a1388%26utm_source%3DIOP%26utm_medium%3DADV%26utm_campaign%3D242Reg

10th Engineering International Conference IOP Publishing
IOP Conf. Series: Earth and Environmental Science 969 (2022) 012060  doi:10.1088/1755-1315/969/1/012060

Microwave heating control system using genetic algorithm-
based PID controller

E Apriaskar!, D Prastiyanto!, M A Malik!, A E Ramadhan?, R Destanto?, H
Abdullah@Idris? and M K Osman?

1Department of Electrical Engineering, Faculty of Engineering, Universitas Negeri
Semarang, Semarang 50229, Indonesia

2Faculty of Electrical Engineering, Universiti Teknologi MARA Cawangan Pulau
Pinang, 13500 Permatang Pauh, Pulau Pinang, Malaysia

esa.apriaskar@mail.unnes.ac.id

Abstract. The superiorities of microwave heating technology have attracted many researchers
for further development. Designing a satisfying temperature control system for the microwave
system is one of them. To confirm that the controller can work with good system performance,
the adjustment of controller parameters is important. Most previous research about microwave
control systems did not focus on the tuning problem which is presented in this work. This paper
provides the use of a genetic algorithm to adjust the best parameters for a PID controller. A
microwave heating system with a single microwave power input and a single output temperature
probe which is identified using the ARX model is examined. Evaluation of the proposed
controller was conducted in the simulation environment using MATLAB. The result shows that
the genetic algorithm can obtain the most optimized parameter for PID controller which can
follow a certain heating pattern. The parameters for Kp, Ki, and Kd are 998.94, 79.42, and 79.78,
respectively. It can minimize the value of integral absolute error for the given setpoint to 446.11.

1. Introduction

In the middle of industry 4.0 revolution, heating technology has also developed, not only for the design
but also the process. Microwave heating system is one of high technologies in heating process that has
benefited in many areas of industrial processes, such as food, wood, ceramic, plastics, etc. With the use
of microwave heating system, it is possible to heat an object selectively or entirely and homogenously
in distribution. It is one of superiorities that microwave heating system can provide among the other
heating technology [1].

Several works on microwave heating technology had been conducted by engineers. They covered
starting from modelling microwave heating system [2—4], designing the control system for temperature
produced by microwave generator [5-7], to performance evaluation of products processed by microwave
heating system [8-10].

Research on microwave heating system model mainly aimed to obtain the most appropriate model
applied to heat a certain product with predefined performances [11]. Designing the model of microwave
cavity or waveguide and evaluation of the position of microwave generator are some focuses that
researchers concerned for in terms of research on microwave heating system model [12,13]. Besides,
there are also few researchers who took part in modelling the dynamics of microwave heating system.
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A research conducted by Yuan et al. [14] can be one of the corresponding works. It resulted a
mathematical model that could connect the mathematical relation between a microwave power signal as
an input of microwave heating system and the measured temperature as an output. On the other hand,
works about microwave heating system control mainly deal with the effort to obtain system response
with a certain set point value for the measured temperature [15]. It could be developing a new control
method or modifying the existing controller to perform better responses. Furthermore, the improvement
works in modelling and control method of microwave heating could contribute indirectly to improve the
quality of products processed by microwave heating technology [16]. It is the reason why improvement
in modelling and control of microwave heating system are still necessary.

This research has more concern in temperature control of microwave heating system. Several
previous works have produced an interest to initiate this research. A work done by Yuan et al. [17] is
one of them that explains methods to adjust the power coefficient of microwave generator using two
different controllers. This work compared sliding mode controller (SMC) and proportional integral
derivative (PID) to define the best control method among the two for tracking the required temperature
profile. Another work about temperature control in microwave heating technology had also been
conducted by Li et al. [18] which is utilized for 3D printing system. In that work, the microwave heating
was aimed to strengthen the mechanical properties of a carbon fibre. The controller used in that work
was a combination between prediction model and step proportional integral derivative control method.
The controller tended to reduce the temperature deviation of continuous carbon fibre reinforced polymer
(CCFRP) filament during the printing process. Hybrid control system for microwave heating process
had also been developed by Yuan et al. [19] that were used for lignite drying. The controller had two
PID modes and a zero mode that could dry a wet lignite safely and efficiently with 7% in moisture
content. The three works mentioned had involved the use of PID controller to drive the microwave
systems achieving the desired temperature. It convinced this research to use PID controller as the main
control method.

Another research conducted by Tofighi and Attaluri [20] is such a relief to this work because it
introduced the use of more efficient way to adjust the microwave power input rather than complex power
adjustable microwave sources often used in microwave heating application. It used Arduino
microcontroller with radio frequency driver amplifier, PNP BJT power transistor, and NPN transistor
(2N3903) to produce pulse width modulation (PWM) signal for driving the microwave power value. It
can make the implementation of PID controller for microwave heating system using PWM signal
becomes more reliable.

However, being able to implement PID controller for microwave heating system is not enough.
Determining the controller parameters of PID to optimize the system performance is not a trivial
problem. The usage of artificial intelligence often succeeds in obtaining the most optimum parameter
for a controller [21]. From research conducted by Feng [22], the use of genetic algorithm could tune and
obtain the best PID controller parameter for controlling a certain plant. It shows that the use of GA can
improve the accuracy performance of tracking control conducted by the plant. In this work, the control
system for microwave heating process utilizes genetic algorithm to obtain the most optimum parameters
for PID controller.

This paper is organized as follow. After several motivation and backgrounds that drive this work in
section 1, section 2 explains the system and methods used in this work. It includes the microwave heating
system model and the proposed method involving PID controller and genetic algorithm. In section 3,
evaluations of the proposed controller through simulations are discussed. Then section 4 concludes the
contribution of this work along with suggestions for future development.

2. Design and Method

2.1. Microwave Heating System Model
The design of microwave heating system evaluated in this paper as shown in Figure 1. It has an input in
the form of microwave power input and an output in the form of measure temperature. Mathematical
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model for that microwave heating system was developed by Yuan et al. [14] using black-box
identification approach. That approach considers microwave heating system as a black box which has a
time-series input signal and a time-series output signal. From both signals, an identification method
produces the mathematical model in the form of ARX-based model. Considering continuous-time linear
system with delay-time input, microwave heating system can be modelled with equation as shown in
equation (1).

y(t) =a;(t—1) +-apy(t—n) = byu(t—1) + -+ + bu(t —m) 1)

where y(t) is an output signal of the system, while u(t) is the input. Equation (2) shows the Laplace
transform of equation (1), where A(s) and B(s) are shown in equation (3) and (4).

D Microwave Cavity
- Magnetron Port
' Heated Object
B Temperature Sensor

Figure 1. Microwave Heating System Design.

B(s)
G(S)E 2)
A(s) =14+ a5+ -+ a,s” (3)
B(s) = bis+ -+ bys™ 4)

a;(i=1,..,n) and b;(j = 1, ..., m) are model parameters that represent the dynamics of microwave
heating system based on predefined input and output signals. From the continuous form of the system,
we can obtain the mathematical equation for ARX-based model of the corresponding microwave heating
system as written in equation (5), with A(z) and B(z) are described in equation (6) and (7).

A(2)y(t) = B(z)u(t) + e(t) ®)
A(z) =1-03149,”' — 03164, % — 0.1912,7% - 0.1773,~* (6)

1 1492x1075,7% +5.33x1075, > +8.983x10°5, " (7)

B(z) = 3.97x107>,
2.2. PID Controller
PID controller is one of well-known control methods that is widely used in many applications. Basically,
PID controller utilizes output feedback to calculate error value of the system. Based on the calculated
error value, PID controller adjusts the actuator output of the system. Since the actuator of the microwave
heating system is the magnetron, so the PID controller produce an adjustment to the output of the
magnetron, which is microwave power.
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In continuous-time form, PID controller can be written as shown in equation (8). Equation (9) shows
the transfer function of the controller after converting equation (8) with Laplace transform. Since the
implementations of PID controller are often using microcontrollers, equation (9) needs to be transformed
in discrete form. Equation (10) shows the discrete form of PID controller using the z-transform. Figure
2 depicts the simulation representation of discrete PID controller for microwave heating system.

t d
u(t) = Kye(t) + K; [, e(v)dr + K4 —e(t) (8)
C(s) = Ky + 2+ KaS )
_ KiTs |, Ka(z—1)
Cz) =Kp +555 + =05 (10)
PID Control
Kp
O > ke DR &b
j J{ ‘ z1 ’ ’ Output System
Ref Ki Discrete-Time -
Integrator Plant Model
S —— K(z-1)
Tsz
Kd Discrete Derivative
Sensor

Figure 2. Discrete PID controller block diagram in MATLAB Simulink

There are three main components in PID controller, they are proportional, integral, and derivative. Each
component has its own benefits and drawbacks [23]. Proportional component can fasten the response of
the system but may produce high overshoot as the drawbacks. Integral part has the same impact with
proportional in terms of overshoot and rise time, but it can eliminate the error steady state. Derivative
part can improve the stability, especially when the response tends to have an oscillatory signal. However,
derivative can give worse performance if the parameter tuning is not appropriate. It also happens to
proportional and integral parameters. Therefore, a tuning method, such as Ziegler Nichols, as the most
popular one, is usually utilized to obtain the appropriate value for controller parameter [24]. However,
in this research, genetic algorithm is used to determine the parameter.

2.3. Proposed GA-based tuning method

Genetic algorithm (GA) is a heuristic optimization method which is inspired by natural evolution [25]
and can be used to optimize controller parameters for PID [26]. Since GA adapts natural evolution, there
are several terms like population, generation, crossing over and mutation. Each individual in a
population has chromosomes which represent the solution candidates [27]. In this case, chromosomes
contain controller parameters; they are Kp, Ki and Kd. Figure 3 depicts how GA works to tune the best
parameter for PID controller.

It starts with preliminary setting of upper limit for Kp, Ki, and Kd constant to keep the searching
range closes to the appropriate value. Because if one of the constants is too large, sometimes it can make
the control signal becomes impossible to be implemented in the real electronic devices [28]. In this
research, the searching ranges for Kp, Ki, and Kd are from 0 to 1000, 80, and 80, respectively. After
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that, several main parameters for GA, like population size, generation number, mutation probability, and
crossover probability, are determined. Table 1 declares the value of those parameters.

Table 1. GA parameters

Parameter Value
Population size 20
Generation size 75
Mutation probability 0.3
Crossover probability 0.9

START

Determining Upper Limit for Kp, Ki, and Kd

v

Determining Population size and max iteration

v

Storing Best
Individual Based on Calculation Fitness of Individuals < Regeneration
Fitness Value ¢
Mutation
Crossover
Y
False f
Max iteration > Selection
reached

Displaying the best individual with
corresponding Kp, Ki, and Kd

END

Figure 3. Flowchart of GA-based tuning for PID controller.

After parameter setting, the algorithm goes with calculating fitness value of each candidate in a
population. It involves Integral Absolute Error (IAE) to get the fitness value with equation (11). The
greater the fitness value indicates better solution to the problem. The algorithm continues with selection
step to get two best candidates in a population. The two best candidates are then used in crossover and
mutation steps, before conducting regeneration.
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(11)

5
Fitness = 10/ 0
Jy le(®)|dt

As shown in Figure 4, for crossover, there are three possible actions involving the two best candidates
who are then called as parentl and parent2 to create two new individuals called childl and child2. Those
three actions are conducted based on the crossover probability. Two randomized integers between 0 and
1 are generated for parentl and parent2, which are then called rand1 and rand2, respectively. Those two
randomized integers are each compared with crossover probability. If both or one of them are smaller
than crossover probability, then the algorithm permits the crossover, otherwise, child1 and child2 has
the same chromosome with both parents.

Parent . Kp
H A0 _
Parent 1 A KI
Parent 2 . Kd
[rand(1,1) < k_cross and rand(2,1) < k_cross] [rand(1,1) < k_cross] [rand(2,1) < k_cross]
Crossover 1 Crossover 2 Crossover 3
AT o Il A (@) HfAl e
Child 1 Child 1 Child 1
Al e
Child 2 Child 2 Child 2

Figure 4. Chromosome’s crossover of PID parameters

Mutation process uses childl and child2 to create new candidates called mutantl and mutant2. Same
with the crossover, mutation conducts based on mutation probability. A randomized integer is generated
for each chromosome of each child. If the generated integer is smaller than mutation probability, than
the corresponding chromosome is regenerated, otherwise, the mutants have the same chromosome with
childl and child2 correspondingly. It indicates that the resulted mutant has the same characteristic since
there are not any chromosomes that are changed.

Mutants resulted from mutation process are then gathered with new individuals through regeneration
step. Since the population size is 20, so there are 18 new generated individuals to create a new population
for next generation together with the two mutants. The algorithm loops from fitness calculation of each
candidate to regeneration step until the iteration reaches 75 as the generation size. After the looping
stops, the best candidate of the last generation is considered as the best tuned controller parameter.

3. Results and Discussions

3.1. Population and generation size
In this work, the values of population size and generation size were obtained by conducting several
trials. First, the generation size was set to a maximum value that was considered to cover the proper
value. The maximum value was 100. There were three attempts to conduct the trials with generation
size value in 100 and population size in 30. From the three trials as shown in Figure 5, it can be observed
that after 75 generations, there are not any significant improvements in the fitness value. Hence, the
value of generation size was set to 75.

After obtaining the value of generation size, the population size was evaluated using the same
approach. Three values were compared each other using the obtained generation size; they were 15, 20,
and 30. For each population size candidate, the genetic algorithm was examined three times. The best
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trials for those three candidates are shown in Figure 6, with first sample is 15 in population size, while
second and third samples are 20 and 30, respectively.

440 440
420 N
S g r_._ ..
___________________ -}
s 420 T 400 7
> > -
[%)] [}
§ 400 § > ll
= — — — —] — — — First Sample = — — — First Sample
| Irs’ 9 L p
- o Second Sample L 360 , Second Sample
[ Third Sample s40t === Third Sample
380 kL . - - - | - -
0 20 40 60 80 100 0 20 40 60
Generation Generation
Figure 5. Three trials with generation size 100 Figure 6. Trials with different population

From the graphs, there are several findings which lead to the decision of using 20 as the population
size. The first finding is the number of improvements which happen through generations. Population 15
has the greatest number of improvements, followed by population 20 in the second place and population
30 has the least. However, when it comes to the final fitness value, population 20 shows better
performance with final fitness value in around 440, while the others are smaller. According to [29], the
population size should not be too large due to computation time limitation, but not too small due to poor
performance. Since the second sample in Figure 6 does not have either the biggest size or the lowest
size of population, but still produces a reasonable performance, it can be concluded that 20 is the most

appropriate value for population size among the others.

3.2. Performance evaluation
Evaluations conducted in this research are aimed to examine the performance of the proposed method

in the case of feedback control for microwave heating system. They included examining genetic
algorithm as the optimization method and analysing the controlled system performance with the
optimized parameters which was conducted using MATLAB Simulink as shown in Figure 2.

450

400 1

Fitness Value

350 : : :

0 20 40 60
Generation

Figure 7. Best fitness value of each generation

The first evaluation which verified the success of genetic algorithm in obtaining the best solution of the
optimisation problem can be shown from improvement of the fitness value throughout generation. The
best fitness value of each generation which being larger clarify that the genetic algorithm tends to
converge. The larger the final value of the fitness means that the speed of the convergence is faster [30].
Figure 7 depicts how the proposed GA could produce the best fitness value for each generation. It
improved started from fitness value at around 350, with a significant improvement happened right before
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30 generations and slight improvements until the end of the generation reaching almost 450 in fitness
value, as also shown in Table 2 for the best result of IAE.

To justify that the obtained parameters after 20 running tests, as shown in Table 2, can work well for
a certain case of microwave heating control system, the evaluation continued with reference tracking
problem. The test was first initiated by determining heating pattern for a given period as the set point.
The generated set point signal was set to start from 19 degrees and constantly increasing for
approximately 250 seconds. After that, the heating was steady at around 45 before continuously went
up to 75 degrees in Celsius and kept that value until the end of simulation time. Figure 8 illustrates the
performance of the resulted parameters in the case of heating control system. It shows that the controlled
system could properly track the heating pattern.

80 . . T T T 2000
- s
o @ 1500
5 90 3
> o
» » 1000
] >
o - ©
= 40 S 500
L — — — Base Signal g
Controlled Signal s
20 - - - - o Ot - ‘ - - -
0 200 400 600 800 1000 0 200 400 600 800 1000
Generation Time (s)
Figure 8. Output response of controlled system Figure 9. Generated PID control signal

Table 2. Tuning results for 20 running tests

PID PARAMETERS

Data Parameter - IAE
Kp Ki Kd

Best Result 998.94 79.42 79.78 446.11

Standard 24.33 1.74 5.01 9.43

Deviation

Mean 965.94 77.64 74.83 431.20

As depicted in Figure 9, a control signal generated from the controller was varied with the maximum
point not reaching 2000 W, which is the maximum power value of a common magnetron used in a
microwave heating system. The limitation of the control signal, which was conducted by using anti-
windup method aimed to the possibility of hardware implementation of the system can be a suggestion
for future work. Another suggestion can also be inspired from the finding of standard deviation as listed
on Table 2. It shows that the standard deviation for Ki parameter has already been good, but Kp and Kd
still have considerable values. It can also be seen from the means of Kp and Kd that have sizeable gap
from the best parameter based on IAE. Suggestions for this problem for further improvement can be the
algorithm development, the determination of GA parameters, or adjusting the fitness function that can
create a better repeatability.

4. Conclusion

Finally, this research contributes to present the tuning of PID controller parameter using genetic
algorithm. Based on several tests conducted, the use of genetic algorithm worked well in the case of
microwave heating control system. There were several trials to determine the population and generation
size before the tuning process. Integral absolute error, as the evaluation criteria for each candidate,
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worked well given the best fitness development data through the generation. The obtained parameters
for the controller are 998.94, 79.42, and 79.78 for Kp, Ki and Kd, consecutively.

Considering the possibility of any future work regarding this research, limitation formula to avoid
the control signal exceed the permittable value for the actuator can be one of them. The direction of
future work can also be in the GA parameters selection or improvement of the fitness function used for
the GA. Another optimization approach for the controller considering non-linearity of the system can
also be the option for development.
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