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Switching Angle Design for Pulse Width
Modulation AC Voltage Controller
Using Genetic Algorithm and Distributed
Artificial Neural Network
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Abstract.—This paper proposes a technique to design the
switching angles in a PWM AC voltage controller using genetic
algorithms (GA) and distributed artificial neural network
(ANN). In the proposed technique, GA is used to evaluate the
turn on and turn off angles of PWM pattern to reduce the low
order harmonic content in PWM output voltage. The results
from GA are then used to train the distributed ANN. The
advantages gained from the proposed technique are the
reduction of complexity of training process and the
improvement of the ability of the ANN. In addition, the total
harmonic distortion of voltage, which calculated from the low
order harmonic content, is adopted in the proposed fitness
function. Thus, the load value is not necessary to be known
before stating the proposed technique. Simulation results show
that the proposed technique is superior to the conventional
fixed-duration pulse technique.

I. INTRODUCTION

Phase control technique can be used to control the output
voltage of AC voltage controller. The principle of this
technique is the phase control in line commutated switching
device. However, this technique performs a poor
performance in terms of high harmonic distortion and low
input power factor. Several years ago, various techniques
were proposed to improve the performance of PWM
converter [2, 3]. Garnal and Mostafa [2] proposed a
generalized symmetrical angle PWM technique for an AC
voltage controller. Fedyczak et. al. [3] presented the
comparison of basic properties of single-phase serial AC
voltage controllers using a bipolar PWM chopper. The
comparative study of the bipolar PWM AC matrix chopper
based on full-bridge topology and the bipolar PWM AC
matrix-reactance chopper (MRC) based on Cuk B2 topology
and auxiliary transformer were described in their paper.
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Artificial intelligent techniques were adopted in many
research areas including mechatronics, electronic, power
electronics, etc. Several artificial intelligent techniques such
as genetic algorithms (GAs), particle swarm optimization,
neural networks, etc. were proposed for solving the complex
problems, which cannot be easily solved by any analytical
methods. Somyot and Piroj [10] proposed the genetic
algorithms to evaluate the optimal switching angles of
PWM pattern so that the total current harmonic distortion
and the voltage error are minimized. However, in their
technique, the load value must be known before starting the
algorithm, and the complexity of single artificial neural
network (ANN) used in their paper limits the size of training
set. To overcome these problems, this paper proposes the
genetic algorithm (GA) to analyze the optimal switching
angles at the specified voltages, and uses the distributed
neural network to approximate the other angles in the
specified range. In addition, the fitness function using low
order harmonic content of voltage is proposed; thus, the
load value is not required for the proposed algorithm.

II. CONVENTIONAL PWM AC VOLTAGE CONTROLLER

PWM AC voltage controller is a power electronic circuit
which can be used to control the electrical power from AC
source to electrical load. As shown in Fig. 1, S; and S,
perform as the switching devices controlled by the PWM
pattern, and S'; and S', perform as the free-wheeling
devices. The Pulse Width Modulation (PWM) control [2]
has higher efficiency than the phase control technique;
however, the drawbacks of this control scheme are the high
switching loss and the complex of control circuit. Normally,
the PWM pattern is designed by the conventional fixed
duration pulse technique, which the width of pulse controls
the output rms voltage of the circuit. Fig. 2 shows an
example of the output voltage waveform from the
conventional technique. In this figure, the switching
frequency of PWM is 1 kHz; the AC input voltage is 220 V,
50 Hz, and the numerical calculation of the rms voltage is
160.9 Vrms.
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Fig. 1 Single-phase AC voltage controller and the conventional PWM
signal [1]
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Fig. 2 Output voltage waveform of the conventional PWM AC voltage
controller with the output rms voltage of 160.9 V

III. GA AND DISTRIBUTED ARTIFITIAL NEURAL
NETWORK

A. Genetic Algorithms (GAs)

Genetic algorithm is a searching algorithm which can be
used to solve any optimization problem by representing the
candidates of the answer by chromosomes. The adjustment
of the chromosomes is done by the concept of evolutionary
operations. Fitness is a function which uses to describe the
satisfaction level of the chromosome. To generate the next
generation population, several chromosomes are selected to
be the parents; chromosome with high fitness has a high
chance to be selected. A selected genetic operation is then
adopted to form a new chromosome. There are 3 types of
genetic operators, reproduction, crossover and mutation.
More information of GAs can be seen in [8].

Generally, the output waveform of AC voltage controller
is non-sinusoidal waveform, and then both the voltage and
the current from this circuit normally contain the harmonic
content. It is well known that the current harmonic causes
the current distortion, low-input power factor and loss. The
current distortion can be evaluated from the summation of
the current harmonics as shown in (1). Assuming the RL

load value is known, the fundamental and harmonic currents
of the AC voltage controller can be determined by (2). All
components can be determined by applying the Fast Fourier
Transform (FFT). Additionally, the total voltage harmonic
distortion can be determined by (3).

THD, = V2 (1)
1
oV @)
R® +(27znfL)?
2.V
n=2
THD, =25 3)
where THD, is the total current harmonic distortion,
THD, is the total voltage harmonic distortion,
N s the N harmonic order,
V.1, are the rms values of n® harmonic voltage
and current, respectively,
V,,1, are the rms values of fundamental voltage
and current, respectively,
R,L are the resistance and inductance values of
load, and
f is the frequency of the fundamental
voltage.

In our technique, the calculation of THD, includes the

harmonics from 2" to 13% order for considering only low
order harmonic content. The AC voltage controller is used
to control the rms output voltage which can be evaluated by

4).
Ve = [V, )
n=1

As known by many researchers, the increasing of THD,

causes the reduction of input power factor. The relationship
between THD, and input power factor can be seen in (5).

1
J1+THD;

p. f. is the input power factor, and

p.f.=cos@ (5)

where

0 is the load angle.

B. The proposed GA based PWM AC Voltage Controller

In the proposed technique, the optimal switching angles
(a) in PWM signal are attempted to be determined so that
the total voltage harmonic distortion calculated from the
specified low order harmonic content is minimized, and the
rms output voltage is achieved. In the proposed technique,
the following parameters must be specified before starting
GA. M is the number of pulses in a quarter cycle of PWM

waveform, V, is the desired rms output voltage,

rms
O =[On> Xyoft » Ooon > Ot ++-Clpon s Ot | 1S the set of

switching angles in a quarter cycle of PWM, and

Qo> Xyoi are the turn-on and turn-off angles of the Xt

xon?

pulse, respectively.
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Fig. 3 Example of output voltage of PWM AC voltage controller which
M=3

Fig. 3 presents the example of PWM waveform that has the
number of pulses in a quarter cycle (M) = 3. This waveform
is symmetrical. The boundary of each switching angle can

be specified easily. The details of specifying boundaries of

the angles can be seen in [10].  In this problem, o is the
chromosome in GA, and the equation of fitness function is
modified as the following:

. 1 .
fitness = i Vyrms —Visoe| < @
T Dv x |Vdrms _Vrmsa | +b
=k if |Vdrms _Vrmsa| >a (6)
Where V,, is the rms output voltage of the PWM AC

is the

voltage controller with the switching angle (o), Vs
desired rms output voltage, a is the acceptable value of the
voltage error calculated from the absolute of the difference

between V, and V

drms
is used to avoid the equal to zero of the denominator, and K
is the low value number which is assigned when the rms

imse » D 18 the specified number which

output voltage is not within the specified bound, a.
In this research work, the parameters in (6) are

specified as follows: a=1, 0=0.001 and k=0.1. These

values can be adjusted properly depending on the design.
Fig. 4 represents the flowchart of the proposed technique.
The stopping condition is specified by a maximum
generation. This procedure can be summarized as follows:
Step 1 Specify the genetic parameters, e.g. operation

probability, population size, maximum generation, M, V/,

etc.
Step 2 Create the first population randomly.
Step 3 Evaluate the fitness value of each chromosome (o)

by (6). Select the chromosome which has the maximum

fitness value as the solution of current generation.
Step 4 When the current generation is less than the
maximum generation, find a new population by genetic

operators and then return to step 3. If the current generation
is the maximum generation, then stop. The chromosome that

has the maximum fitness value is the optimal solution of the
problem.
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Fig 4 Flowchart of GAs.

B. Distributed artificial neural network

Several sets of the optimal switching angles and all
specified voltage outputs evolved by GA are the optimal
solutions for several given output voltages. In this paper, the
optimal angles in each output voltage from the GA process
will be used to train the distributed ANN using the
Levenberg-Marquardt back-propagation. Fig.5 shows the
structure of distributed artificial neural network adopted in
this paper. The input node of distributed ANN is the desired
output voltage, and the output nodes are the switching
angles, o. In this case, the distributed ANN approximates
the optimal angles in every operating point. More
information about the distributed artificial neural networks
can be seen in [9].
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Fig. 5 Distributed Artificial Neural Network for AC voltage Controller

(d)
IV. THE ANALYSIS AND SIMULATION RESULTS 4 THD of current
The parameters in our simulation study are specified as
follows: the input voltage is 220 Vrms, 50 Hz, output 08
voltage € [ 40, 210], RL load: R =240 Q,L = 300 mH, T 06
M = 3, cross-over probability = 0.6, mutation probability = =
0.1, population size = 1000, maximum generation = 20, and 5 0.4
the angle @ is assigned as 90°. Examples of the voltage 02
and current waveforms are shown in Fig. 6.
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“ 4 i Fig. 6 Examples of waveforms from the proposed technique and the technique in [10]
(at 180 V, R =240 Q, L =300 mH)
2 ) ) ) (a) Current waveform [10],
0.1 0.105 0.1 0.115 0.2 (b) Current waveform (the proposed technique),
Time (second) (c) Voltage waveform [10],
(d) Voltage wave form (the proposed technique),
(b) (e) Spectrum of current waveform [10],
() Spectrum of current waveform (the proposed technique)
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Figs. 6(a) to 6(d) show the waveforms at the desired reduced.
voltage 180 V. As seen in these figures, the waveforms from

the proposed technique and the technique in [10] are ACKNOWLEDGMENT

different. However, considering Figs. 6(e) and 6(f), the low

order harmonic content of the proposed technique is better This research work is supported by the research fund
than that of the technique in [10]. from King Mongkut's Institute of Technology Ladkrabang.

Fig. 7 shows the total harmonic distortions of current
when the voltage output is varied from 40 to 220 V by
stepping 2 volts for each step. Clearly, our proposed - ) o
technique is better than the fixed-duration pulse technique in [1] RASHID M.H.: “Power electronics circuit devices and applications”
echniqu xed-cu pu qu (Prentice-Hall, 1993, 2™ edn.)

terms of lower THD;. [2] HASHEM M., DARWISH K.: “Generalized symmetrical angle PWM
technique for AC voltage controller”. Power Engineering Conf.,
UPEC 2004, September 2004, vol. 2, pp. 898-901.
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Table 1 shows the comparison between the proposed and
the conventional techniques. As seen in this table, the
number of nodes and the training time of the proposed
technique are lower than the conventional ANN [10];
however, the %error of voltage from the proposed technique
is increased.

Table 1 Number of nodes, time and mean of voltage error of the
proposed technique and the conventional PWM

Description Distributed ANN ANN [10]
Number of nodes 16 22
in the hidden
layer
Time (second) 13.16 19.27
Mean of Voltage 3.38 1.54
error (%)

V. CONCLUSIONS

As seen in the simulation results, the proposed GA and
the distributed artificial neural network can be applied to the
AC voltage controller, and the performance obtained from
the proposed technique is better than that of the
conventional fixed-duration pulse PWM. The proposed
technique uses the low order voltage harmonic content to
calculate the THD, for the fitness function. Thus, the load
value is not necessary for our proposed technique. In
addition, based on the concept of distributed ANN, the
training time and the number of nodes in the network are
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