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Abstract

This paper exhibits performance enhancement of PWM AC chopper fed capacitor run induction motor by using
optimization algorithm. The PWM AC chopper utilizes enhanced asymmetrical pulse width modulation technique by
incorporating four pulses in quarter cycle. The switching instants are obtained optimally by bacteria foraging
optimization, particle swarm optimization and cuckoo search optimization algorithm. The power quality parameters
considered in this paper are total harmonic distortion of current, total harmonic distortion of voltage, power factor and
efficiency. The simulation result shows that proposed algorithm shows better performance compared to other
optimization techniques.
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1. Introduction

Speed control of capacitor run induction motor is exhibited in domestic and industrial applications. The basic speed
control technique is incorporated using variable resistor, but it has drawback of large power losses and more power
dissipation [1]. The integral cycle control gives promising control compared to variable resistance. The power losses
and heat dissipation are less. The limitations of integral cycle control are poor power factor, harmonic distortions are
more and unstable variations of speed [2]. Hence the phase angle control shows better control compared to integral
cycle control. The triggering angle is varied for different instants for different speed control. The ac voltage controller
is placed in the main winding shows promising performance compared to auxiliary winding [3]. The placement of ac
voltage controller in the auxiliary winding, at certain firing angles the variations causes unstable in nature. The
performance of ac voltage controller is compared with single pulse width modulation technique. It is inferred that phase
angle control shows better performance compared to single pulse width modulation technique [4]. The multiple pulse
width modulation method gives enhanced operation compared to other techniques. The limitations of phase angle
control are non-sinusoidal waveform, poor power factor at higher triggering angles and higher value of harmonic
distortions [5]. Hence one type of multiple pulse width modulation technique is called as sinusoidal pulse width
modulation [6]. In this article enhanced asymmetrical pulse width modulation technique incorporated by bacteria
foraging optimization is compared with particle swarm optimization and cuckoo search optimization [7]. Enhanced
asymmetrical pulse width modulation is a renowned technique for eliminating the harmonics in the output voltage [8].
Different optimization methodologies are incorporated for capacitor run induction motor for enhancing the
performance under different loading conditions [9]. The genetic algorithm, particle swarm optimization, bee colony
optimization, artificial neural networks, hybrid RGA-PS algorithms are used for implementing the asymmetrical pulse
width modulation techniques [10]. In this paper section 2 consists of control of capacitor run induction motor, section
3 comprises of explanation of three algorithms, section 4 specifies comparison of results between conventional and
proposed system. The permanent capacitor run induction motor has fixed capacitor for starting and running conditions.
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The starting toque is higher compared to centrifugal type single phase induction motor. The main application is focused
on domestic fans utilized in industry and house hold applications.

2. Experiment

2.1. Circuit diagram
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Figure 1 PWM AC chopper fed capacitor run induction motor

2.2. Related work

In symmetrical pulse width modulation, the pulses are of equal width and maintain full cycle symmetry. In enhanced
asymmetrical pulse width modulation technique, the pulses are of different width and maintain quarter cycle symmetry.
The switching on and off angles are varied [11]. The harmonics in the waveform is mathematically illustrated by Fourier
series, the harmonic frequency component is separated using Fourier transforms. The harmonic elimination equation
is non-linear and can be solved by numerical methods like Newton Raphson method [12]. The solution takes more
iteration till it converges to reduced harmonic frequency components. Hence different optimization technique is
evolved for solving these constraint problems [13]. The harmonic elimination methods use different methods such as
genetic algorithm, particle swarm optimization, bee colony optimization and artificial intelligence techniques [14]. The
objective of the paper is to improve power quality parameters by maximizing power factor and efficiency and
minimizing the total harmonic distortion of voltage and total harmonic distortion of current. This paper focusses on
obtaining the optimal switching angles by bacteria foraging optimization algorithm. Let the number of pulses be N. The
switching instant for switching on the device is given as C1, C2 and C3 and switching off the device is given by D1, D2
and D3. The output voltage expressed in Fourier series is given as. In advanced methodology, the device turns on and
turn off time are attained optimally. The waveforms are analyzed using fast Fourier transforms. The transcendental
equations are solved using basic algorithm dynamic programming method. The disadvantage of setting the initial values
for those equations is complex. The optimal switching angle arrived using various different techniques like ant colony,
cuckoo search, evaporation based water cycle and other new algorithms.

V, = ﬁvi[l:o +3 (F,Sin(mat) + FnCos(ma)t)} -------------- (1)
V, =\/§Vii(FmSin(ma)t) ................ )
m=1

F1 is given as

c Sin2D, — Cos2C, }
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Fn is given as follows

Sin(m-1)D, - Sin(m-1)C, Sin(m +1)D, - Sin(m +2)C,
P} m-1 m+1

THD, = =
L e (5)
2
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The problem formulation is attained for the main objective is to minimizing the total harmonic distortion at the output
[15]. The optimum switching angles are required for the enhanced asymmetrical pulse width modulation of ac chopper.
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The equation is mentioned with minimization [16]

0<C,<D,<4......<C_ <D, <B, e (8)

m m n

Where Vrefis the reference output voltage, N=4 is the number pulses in quarter cycle. A and B turn on and off switching
instants. Bmax is maximum switching angle and the value is 90 degrees. @ is the boundary switching angles, for each
set of pulse the boundary is 22.5 degrees.

3. Methodology

Particle swarm optimization has been proposed by Ebherhart and Kennedy in 1995 [16]. The basic algorithm is
resemblance of bird flock movement. The searching behavior of food and finding the best source location is the nature’s
creativity [17]. The birds will transmit the information to other birds and reach the optimum location of food source.
The bird is moving from one place to another is the solution swarm and converges to optimist solution. The best solution
is achieved by the co-operation of individual swarm [18]. The main objective of particle swarm optimization is to find
minimum of a function. After every iteration the fitness of objective function is determined for convergence. The
algorithm steps are given as follows

e Step 1: Initialize the parameters with positions and velocities in random of search space. Initialize Pbest and
Gbest.

e Step 2: The velocity and particle are updated using the below equation for every iteration.

e Step 3: The particle position is updated

e  Step 4: The particle position is updated and compared with the best positions of local and global values. When
the current position has best values compared to Pbest and Gbest then the present location is set to
corresponding values for optimum solution in the search space.

e Step 5: The optimization algorithm process completes when the solution is converged with good fitness value.

The objective function is minimized for different iterations and the Pbest and Gbest values are the solutions from the
search space [19]. Cuckoo search optimization is nature inspired optimization algorithm analogous to other
optimization like genetic, particle swam, ant colony, bee colony and many other techniques [20]. The host bird egg is
removed and increases the productivity. The best behaviors of cuckoo are it lays the egg before the host bird lays the
egg and hence it creates a space for them. When the host bird identifies as alien egg it discards present nest and form a
new one. The best behavior is the cuckoo lays the egg at different nest of host bird [21]. When any one of them failed or
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nest is lost then the other egg will be hatching and next generation is produced. There are three important step is to be
evolved for the optimization. of cuckoo search algorithm. Step one is each cuckoo bird lays one egg and places in random
direction. The second step is the next generation is carried out by the best eggs and the final step is egg laid by a cuckoo
is discovered by the hosts bird at a probability from [0, 1] along with the condition of fixed set of nest. The cuckoo search
optimization parameters specified are maximum generation, switching parameter, initial population, and levy
exponent, upper and lower ranges.

The algorithm is depicted as follows

e Step 1: initialize the parameters for the cuckoo search algorithm.
e Step 2: randomly generate the parameters in the search space.
e Step 3: evaluate the fitness function for each nest and find the best value
Fitness = 1-K
where K is to be minimized
e Step 4: choose a cuckoo and randomly choose the levy walk and inculcate the local fitness function.
e  Step 5: evaluate the local fitness function and choose the nest randomly.
e Step 6: compare the chosen nest with global fitness function and replace it by new nest.
e Step 7: the probabilities of bad nest are uninhibited and maintain the new nest with best solution by ranking it
and choose the best one.

Bacteria foraging optimization proposed first by Passino [22] is based on real time E. coli present in the intestines of
human body. The basic operation of E. coli bacteria is when the nutrients available it forages in small steps and grows,
while in noxious environment bacteria dies and moves away. The real bacteria forage shortest path and find the new
position with high fitness value [23]. This phenomenon leads to global optimum solution. The movement of each
bacterium depends upon the coordinate of the search space. Initially the coordinate of bacterium is chosen randomly,
when the nutrients available in the bacterium forage to a new position and the objective function is minimized. This
ultimate effect causes the set of bacteria to locate the best position and optimum solution is achieved. Under bad
environment the bacteria move away and optimum position is not reached. The bacteria foraging algorithm is presented
below.

e Step 1: Elimination and dispersal loopl =1+ 1

e Step 2: Reproduction loop k = k+1

e Step 3: Chemotaxis loop j =j+1
Calculate fitness function Q(i,j,k,1).Save this value in Qlast= Q(i,j,k,1) so that we can find better fitness cost. In
tumble operation it generates a direction vector A(i) which denotes unit values in random direction from
negative to positive [-1,1] and L(i) specifies the step length.

e Step 4: ifj < number of chemotactic step, then go to step 3 as chemotaxis step is not complete

e Step 5: in reproduction with the present values of k, 1 for each value of i=1,2...number of bacteria, calculate
global fitness function. In this higher cost function bacteria will die and lower cost function will grow and it
split in to two asexually. This keeps the search space constant.

e Step 6: if k< number of reproductive steps, go to step 2 and restart the chemotaxis process

e Step 7: elimination and dispersal process, by eliminating the bacterium and disperse the remaining bacteria in
a random location. When | < number of elimination and dispersal go to step 2 or when the objective function
converges it comes to an end.

4., Results and Discussion

The bacteria foraging optimization algorithm was computed by using MATLAB software. The parameters taken are
listed below.

Dimension of search space: 6

Number of bacteria: 20

Number of chemotactic steps: 10

Limits for length of swim: 4

Number of reproductive steps: 4

Number of elimination and dispersal steps: 2
Probability of elimination: 0.75
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The proposed enhanced asymmetrical pulse width modulation by bacteria foraging optimization is compared with
particle swarm optimization and cuckoo search optimization. The existing technique of asymmetrical pulse width
modulation by artificial bee colony algorithm is compared with other optimization algorithm for the output voltage of
160V is shown in the Table 1.

Table 1 Comparative analysis of different techniques

Method | %THDv | %THDi | Power factor
BFO 0.94 0.63 0.93
CSO 1.16 0.70 0.92
BCO [5] | 12.15 40.15 0.81
PSO 1.41 1.41 0.92

4.1. Power factor versus output voltage

The enhanced pulse width modulation technique shows promising performance for speed control of capacitor run
induction motor. The design of switching angles is obtained using optimization techniques. This methodology is a family
of selective harmonic elimination techniques for improving power quality from conventional controllers. The different
optimization methods considered for enhanced asymmetrical pulse width modulation for PWM AC chopper fed
capacitor run induction motor are bacteria foraging optimization is compared with particle swarm optimization and
cuckoo search optimization. The power factor of PWM AC chopper fed capacitor run induction motor is compared for
different optimization techniques such as PSO, CSO and BFO is incorporated for enhanced asymmetrical pulse width
modulation technique. At 160 V, EAPWM incorporated by BFO has 0.01 higher value of power factor compared to
EAPWM incorporated by CSO. At 160 V, EAPWM incorporated by BFO has 0.01 higher value of power factor compared
to EAPWM incorporated by PSO. This infers that PWM AC chopper incorporated by BFO methodology using EAPWM
method has better power factor compared to PSO and CSO techniques (Fig 2)
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Figure 2 Power factor versus output voltage

4.2. %THD voltage vs output voltage

The %THD voltage of PWM AC chopper fed capacitor run induction motor is compared for different optimization
techniques such as PSO, CSO and BFO for the switching angle design of enhanced asymmetrical pulse width modulation
technique. At 160 V, EAPWM incorporated by BFO has 0.22% lesser value of voltage THD compared to EAPWM
incorporated by CSO. At 160 V, EAPWM incorporated by BFO has 0.47% lesser value of voltage THD compared to
EAPWM incorporated by PSO. It implies that the PWM AC chopper incorporating BFO methodology in utilizing EAPWM
method has better % voltage THD compared to PSO and CSO techniques (Fig 3)
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Figure 3 %THD voltage vs output voltage

4.3. %THD current vs output voltage

The %THD current of PWM AC chopper fed capacitor run induction motor is compared for different optimization
techniques such as PSO, CSO and BFO for the switching angle design of enhanced asymmetrical pulse width modulation
technique. At 160 V, EAPWM incorporated by BFO has 0.07% lesser value of current THD compared to EAPWM
incorporated by CSO. At 160 V, EAPWM incorporated by BFO has 0.78% lesser value of current THD compared to
EAPWM incorporated by PSO. It infers that the PWM AC chopper incorporating BFO methodology utilizing EAPWM
technique has better % current THD compared to PSO and CSO techniques (Fig 4)
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Figure 4 %THD current vs output voltage

4.4. %Efficiency vs output voltage

The efficiency of PWM AC chopper fed capacitor run induction motor is compared for different optimization techniques
such as PSO, CSO and BFO by implementing enhanced asymmetrical pulse width modulation technique. At 160 V,
EAPWM incorporated by BFO has 7.98% higher value of efficiency compared to EAPWM incorporated by CSO. At 160V,
EAPWM incorporated by BFO has 11.65% higher value of efficiency compared to EAPWM incorporated by PSO. This

implies that the PWM AC chopper incorporating BFO methodology for EAPWM has better efficiency compared to PSO
and CSO techniques (Fig 5)
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Figure 5 %Efficiency vs output voltage

5. Conclusion and Recommendations

This paper compares optimization algorithm for the speed control of capacitor run induction motor with good power
quality. The power quality parameters considered in this paper are efficiency, power factor, total harmonic distortion
of voltage and current. The controlling techniques implemented for PWM AC chopper are enhanced asymmetrical pulse
width modulation by bacteria forging optimization, cuckoo search optimization and particle swarm optimization. The
simulation results show that power quality improvement by proposed optimization is better compared to other
optimization techniques. In particle swarm optimization, the initial parameter is difficult to identify for optimum
convergence. Due to levy flight behavior the convergence is affected and leads to increased time to get necessary
solution. Hence by these demerits the bacteria foraging optimization is better compared to cuckoo search and particle
swarm optimization. This work can be compared with the other techniques like particle swarm optimization, cuckoo
search optimization and proposed technique for the enriched asymmetrical pulse width modulation for capacitor run
induction motor.
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