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1. INTRODUCTION

In this recent year the application of power electronics devices are increased significantly due to the
integration of renewable energy, battery energy storage and electric vehicles charging station [1]-[4]. Power
electronics can be used to transform natural energy of renewable energy (wind and solar) into electricity.
Power electronics could also be used to enhance the energy efficiency and power loss. The application of
power electronics devices for enhancing power quality in distributed generation is reported in [5]. In [5], it is
noticeable that power electronics could handle sag, swell and harmonics problems. Research effort in [6],
focused on the application of boost converter as the devices in fuel cell. The application of multi-level
inverter as buffer of PV generation and grid is reported in [7]. From three research above it is noticeable that
power electronics devices are very crucial in modern power systems.

Six pulse three phase rectifier can be used to transform AC electricity into DC electricity. This
device can be used as one of battery energy storage and electric vehicles charging station devices. Rectifier is
also used in high voltage DC transmission line. The purpose of six pulse three phase rectifier is to maintain
the DC output at a certain level on certain condition [8]. Hence, it is important to design the controller of this
rectifier. Commonly, the controller of this rectifier is PID controller. However, with more and more new
technology integrated to the grid conventional PID controller may not be sufficient to handle the complexity
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and the non-linearity of modern power grid. Hence, designing the PID controller based on the smart method
(based on artificial intelligence) is inevitable.

Fuzzy logic, metaheuristic algorithm and neural network fall under artificial intelligence (Al). The
application of multiscale visual object detection for unsupervised ubiquitos projection based on portable
projector camera system is reported in [9]. Reserch effort in [10], shows the application of extended particle
filter for human hand motion recognition. For solving optimization problem, metaheuristic algorithm is better
than fuzzy logic and neural network. Research in [11]-[14] explain the application of metaheuristic algoritm
for optimization problems. In, [11] particle swarm optimization (PSO) is used simulataneously tune the
parameter of PSS and SSSC. From their research it is found that oscillation in power system can be handle
properly by designing the coordinated control of PSS and SSSC using PSO. Research effort in [12], proposed
a smart way for dispatching the power plant emission by using Al approach. In this research ant colony
optimization is the Al method that has been used to dispacth the power plant emission. It is found that the
emission of power plant can be dispatched optimally.

GA can also be used to find the best parameter of multi-band power system stabilizer (PSS) as
reported in [13]. It is found that small signal stability of power system can be enhanced by introducting
multi-band PSS based on GA. In Ref. [14], differential evolution algorithm (DEA) is used to find the best
place to instal thyristor controlled series capacitor (TCSC). It is found that by using DEA method, TCSC can
be installed in the best place. It is well known that differential evolution algorithm has advantages in terms of
lower complexity in coding and less computational effort. Hence, in this paper differential evolution
algorithm is used to optimized the PID controller of six pulse three phase rectifier. The rest of the paper is
organized as follows: Chapter 2 provide the mathematical representation of six pulse rectifier used in this
paper. The fundamental theory and mathematical model of differential evolution algorithm are explained in
Chapter 3. Chapter 4 provide result and discussion of the paper. Chapter 5 highlight the conclusion and future
direction of this research.

2. RESEARCH METHOD
2.1. Six pulse three phase rectifier

One of the most important parts of the rectifier is the diodes. The diodes is used as the switching of
the rectifier. Diodes will controlling the rectifier so that the rectifier will generate appropriate output. For
controlling unidirectional voltage output, (MOSFET) is more appropriate than diodes. Hence, in this paper
MOSFET will be used as the switching devices. The voltage output of the rectifier will depend on the firing
angle of the MOSFET. The mathematical representation of neutral voltage of six pulse bridge rectifier is
described using (1)-(3) [15].

v, =V_sinot (D)
2
V,, =V_sin (a)t + —”j 2
3
2
v, =V, _sin ((ot — —ﬂ) (3)
3

From (1)-(3), the line to line voltage can be described. The mathematical representation of line to line
voltage can be described using (4)-(6) [16]. Furthermore, the average voltage output and the root-mean-square
(rms) output voltage are described using (7) and (8) [17]. Moreover, the schematic diagram of six pulse
rectifier with PID controller is illustrated in Figure 1.

vV, =V -V, = J§vm sin (a)t + zj (4)
6

vV, =V, -V, = J§vm sin (a)t —gj (%)
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Figure 1. Fully controlled six pulse three phase rectifier equiped with PID loop back

2.2. Differential evolution algorithm

Differential evolutionary algorithm (DEA) is a population-based search method that uses looping
cycles of recombination and selection to lead the population towards the global optimum value. This method
was introduced by Storn and Price in 1995 [14]. DEA use a pair of vector population with the D-dimensional
parameter. Initial population, Px, consisting of the vector x; 4 as the initial point. Initial population of DEA
can be modelled using (9) and (10) [18].

P, =(x,)i=1..N g=1,.9g._ ©

x,=(x,,)i=1..D (10)

g AN

Where Xiq is the i-th vector in the generation to g. While Xj,i4 is the value of the i-th vector in the j-th
parameter, in the generation to g. Value of i is an integer from 0 to Np, g is an integer from 0 to gmax, and j
is an integer from 0 to D-1. The next population, Py a population containing Np vector-vector are mutated
randomly DE v 4. This step can be described mathematically using (11) and (12) [19].

P, =(v,).i=1..N g=1,.9, (11)
v, =(v,,) i=1..D (12)

Then, each vector in the initial population are recombined with the mutant vector to generate a trial
population, Pyg, with Np trial vector, uig. This process can be captured through mathematical equation as
described in (13) and (14) [20].
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P, =(u ) i=1..N ,g=1,.9_ (13)

u,=(u,,) j=1..D (14)

In the process of recombination, mutant population was replaced by a population of trial in order to
obtain a pair of populations, initial population (current population) and the trial population, that will be
processed in a DEA. The mathematical model of DEA mutation process can be described using (15) [21].

vi,g =X, 7t F X(Xrlo - szo) (15)

With vig is the mutant vector, X.1 Xr2 and X is a vector chosen at random. F is a real number with
range [0,1]. The next step of this algorithm is the crossover process. Crossover is used by DEA to form a trial
vector of parameter values doubled from two different vector that is, the initial vector with the mutant vector.
The mathematical representation this process can be captured using (16) [22].

Loy - {vjliygif (rand, (0,1)) <Crorj = j_,
ii.g

ig
X, others (16)

The user determine the probability of crossover based on Cr [0,1]. To control the distribution of
parameter values the probability concecpt of crossover is esential. The distribution of parameter is duplicated
from the mutant parameter. To determines wheter the vector is in or not crossover, random value rand; (0.1)
is used [23].

To determine which vector that will become member of the population for the next iteration,
selection process is carried out. Conversely, the target vector will remains as a member in the next iteration,
if the trial vector uig4 has the fitness function better than the target vector Xig This process can be modeled
using (17) [24], [25].

rand (1 7)

. ={uiygif (u)<Crorj = j
v X, others
1,9

2.3. Design PID controller using DEA

In order to investigate the performance of six pulse rectifier system with PID controller based on DEA,
two different case studies in considered in this paper. In the first case study, the comparison of voltage output
between six pulse rectifier with and without PID controller based on DEA is considered. The second case
study focusing on the system robustness again different loading condition. All of the simulation is carried out
using MATLAB/SIMULINK environment. Table 1 shows the six pulse rectifier parameter while Table 2
illustrates the DEA parameters for this simulation.

Table 1. Six pulse three phase rectifier parameters Table 2. DE parameters
Parameter Value Strategy 1
Voltage Source Viine-netral 220 Volt Dimension 3
Voltage Reference (DC) 380 Volt Crossover 08
System Frequency 50 Hz Population 50
Switching Frequency 1000 hz Fitness(F) 0,7

Total Iterations 100

In this paper, the objective function of the DEA is the minimum error of the six pulse rectifier
voltage output. This objective will try to maintain the voltage output of the system near to the 380 volt (380
volt is the voltage reference. The objective of DEA method is described in (18) [26], [27].

Objective = [t|av,, (t)|dt
° (18)
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Figure 2 shows the flowchart of tuning PID controller using DEA. The DEA is performed in 100
iterations. Moreover, Figure 3 shows the convergence graph of the DEA. From Figure 3 it can be seen that
the DEA find their convergence value at 92 iterations. This means that the optimal PID controller value can
be achieved at 92 iterations. Furthermore, at 92 iterations, the value of proportional, integral and the
differential are 4.1727, 9.8304 and 0.6421.
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Figure 2. DE optimization flowchart

Niffarantial Evalubionary Algonthm Coswergenca Graph
389

s Function

Filnes

'l A I A A -
1] 10 20 30 40 0 B0 70 0 a 100
taration

Figure 3. DEA convergence graph
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3. RESULTS AND DISCUSSION
3.1. Casestudy 1

In the first case study, observation of six pulse rectifier voltage output is conducted. The simulation
is carried out in 1 second and 100 ohm is set as the six pulse rectifier load. Figure 4 illustrates the voltage
ouput of six pulse rectifier without PID controller. It can be observed that the system has overshoot at around
90 volt and the system experience steady state condition less that 0.1 second (settling time less than 0.1
second). However, the final value of the six pulse rectifier without PID controller is around 420 volt. Then it
is unacceptable for rectifier that produce voltage output far different to the voltage reference. Hence, it is
essential to add PID controller based on DEA.

The system with PID controller based on DEA response is depicted in Figure 5. From Figure 5, it
can be observed that the system experience overshoot as high as the system without PID controller based on
DEA. It is also found that six pulse rectifier with PID controller based on DEA experience longer settling
time. However, by using PID controller based on DEA, the voltage output of the six pulse rectifier has the
same value of the voltage reference. This could be happen because PID controller give an optimal signal
control to the system. Hence, the switching mechanics of the rectifier are more accurate. Furthermore, by
adding PID controller based on DEA in six pulse rectifier, resulting on enhancement of the rectifier
performance.

Figure 4. Voltage output comparison on system Figure 5. Voltage output comparison on system with
without PID loop back PID loop back

3.2. Case study 2

In this case study, all of the six pulse rectifier system (with and without PID controller based on
DEA) are tested with load variation. The load variation is varied from 10 to 100 in step of 10 chm. The
purpose of this test is to analysed the proposed controller method (PID based on DEA). Table 3 and 4 show
the voltage output average and rms for both system. It is noticeable that by increasing the load, the voltage
output is increase (for both condition). Furthermore, it can be observed that the voltage output of six pulse
rectifier with PID based on DEA is better than without PID controller (the voltage fluctuation is smaller) as
shown in Figure 6 and 7.

Table 3. Test result on system without PID Table 4. Test result on system with optimized PID
Resistance  Output Vayg  Output Vims Resistance  Output Vag  Output Vims
(Ohm) (Volt) (Volt) (Ohm) (Volt) (Volt)

10 380.6 3746 10 377.1 373.1
20 3835 374.6 20 3774 3733
30 386.7 374.6 30 3775 3734
40 386.7 377.3 40 3775 3734
50 386.7 384.8 50 3775 3734
60 386.8 384.9 60 3775 3735
70 386.8 384.9 70 3775 3735
80 386.8 384.9 80 3776 3735
90 386.8 384.9 90 3776 3735
100 386.8 384.9 100 3776 3735
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Figure 6. Voltage output system without PID loop Figure 7. Voltage output system with optimized
back PID loop back

4. CONCLUSION

From simulation it is found that PID which optimized with DEA can keep the voltage average
output on various load, strings from 10 Ohm to 100 Ohm. Although it still cannot reach to the voltage
reference instead of putting it near-bellow 380 Volt, the voltage average output is still relatively stable than
the voltage average output of the system which without optimized PID loopback. Even though it still
acceptable, the output of system with optimized PID are more reliable. The Simulation is still considered to
be early to be told that DEA is a reliable tool to overcome such of this problem. And so, the researchers hope
that for the further experiment should extending the range of the variant of the loads, and if possible, the
experiment also added the load with conductive or inductive load, or both of them.
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