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Abstract

A high performance offline genetic algorithm based three phase boost inverter has been proposed in this work. The digital PI
controller makes use of the offline genetic algorithm to improve the performance of the three phase boost inverter. The oftline
genetic algorithm is used to improve the dynamic response and decrease the content of total harmonic distortion in the three
phase boost inverter. The genetic algorithm decreases the effect of the parameters such as rise time, settling time, peak overshoot
and steady state error which influence the dynamic response of the system. The overall system efficiency and reliability is shown
to be enhanced due to the offline genetic algorithm. The content of total harmonic distortion is also shown to be decreased due to
the proposed offline genetic algorithm.
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1. Introduction

Variable-speed ac machine drives, uninterruptible power supplies, aerospace power systems, communication ring
generators and various other important applications make use of switched mode DC — AC inverters [1-4]. Most
applications making use of switched mode power inverters consists of loads that are critical and sensitive.
Performance and high quality sinusoidal AC waveform has become a must in these applications.
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A high performance, genetic algorithm based three phase DC-AC boost inverter system has been proposed in this
paper. Standard genetic algorithm has been used to tune the proportional constant and integral constant of the PI
controller utilized in the three phase boost inverter system. So far, the three phase boost inverter system has been
implemented successfully in fuel cell systems with battery back-up units. The fact that the three phase boost inverter
converts the input DC voltage to boosted AC voltage without the aid of filter circuits makes it a very promising three
phase inverter which could replace the popular conventional voltage source inverters. Moreover the genetic
algorithm based PI controller will reduce the dynamic response of the system, thus providing a high quality
sinusoidal output.

Standard genetic algorithm is a stochastic optimization method and it is based on the survival of the fittest motto
of the Darwin’s theory of evolution. It is a non-complicated, very effective optimization technique [5-6]. The
standard GA does not require functional derivative information for searching a set of solutions to minimize the given
objective function [7-8]. The above said properties of standard GA decreases the complexity in computation and
search time. The properties also make standard GA fit for solving complex objective functions [9-13]. The genetic
algorithm has been used to tune the controller constants of the PI controller used in the three phase boost inverter
system.

Voltage mode control has been used to implement the proposed genetic algorithm based three phase boost
inverter in closed loop. Small signal modelling has been used to make the system more stable under dynamic
conditions. The novelty of the paper lies in the fact that, algorithm based optimization techniques have not been used
till now in small signal modelled boost inverter systems.

2. Proposed System

The detailed circuit diagram of the GA based boost inverter system is shown in Fig. 1. It mainly consists of the
power circuit block and Simulink + dSPACE 1104 block. Interfacing these two main blocks are the sensors and
driver circuits. The power circuit block is a hardware set up consisting of the Input supply voltage supplied by the
programmable DC power supply rated 80 V, 60 A. The system is made up of three boost converters. The usage of
dSPACE1104 in the implementation of the control design for the GA based boost inverter is much effective and the
time taken to implement the control design is also very less for real time applications. Real time control using
dSPACE1104 is much easier. The control mechanism or control circuit is designed and implemented in MATLAB
simulink. This control mechanism is accessed through dSPACE1104. This makes it very easy to control the GA
based boost inverter system. The instantaneous behavior of the parameters can be monitored through the dSPACE
control desk.

2.1 System KVL equations

The topology of the proposed three phase boost inverter achieves DC to AC conversion, by connecting between
DC-DC boost converters and modulating the output voltages of the DC-DC converters sinusoidally. If three boost
converters are connected and the output voltages of each boost converter are controlled to track a sinusoidal DC
biased references which are 120 degree out of phase, the output line voltages will be a three-phase balanced
sinusoidal set. To proof this claim, it is assumed that the tracking controllers are perfect and they produce DC biased
sinusoidal output voltages irrespective of the output load currents of converters. Therefore, we can model each boost
converter with an ideal AC voltage series with an ideal DC voltage sources.

The KVL equations of line voltages are as follows:

Vs =V Ve =(Vy +V2e )=V, =V,
Vie =V +Vae=(V 4V )=V, V.
Vi =V Ve =V +Ve )=V, -V, ()
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Fig. 1. Detailed block diagram of GA based single stage three phase boost inverter.

Where,

V,=V, cos(a)t)
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V,=V, cos(a)t—120°)
V.=V, cos(a)t+120°) (@)

By substituting (2) in (1), three-phase line voltages are obtained as:

Vo =\/§Vm cos(wt+30°)
Vie =\/§Vm cos(wt—90°)
Voa =\/§Vm cos(a)t+150°) (3)

It can be seen from the results that the line voltages in the load terminals of the proposed three-phase boost
inverter is a symmetrical three-phase voltage without any DC voltage.

2.2 Parameters considered for optimization

When a disturbance affects the system, rise time, settling time, peak overshoot and steady state error are the
parameters which will affect the output performance of the system. The effect of these parameters must be
minimized. This system scenario has been formulated into an optimization problem with the given objective
function and the fitness function so as to achieve a better dynamic response. The objective function is

F=(1+t,)(1+t,)(1+P,)(1+E,) Q)
Fitness Function = ﬁ (5)
Where,

t, —rise time

ts — settling time

P, — peak overshoot
E — steady state error.

K, and K values:

The controller constants K, and K; to be utilized in the PI controller is taken from a particular range of values. The
K, value ranges from K;,i,=0.000001 to K;na=0.0001. The Ki value ranges from K;ni;=0.000001 to Kiyax=0.0001.
The obtained controller values are K,=0.000053 and K;=0.000009. The output from the GA based PI controller is the
small signal duty cycle of the system.

The large signal duty cycle from the summer can be monitored in real time through dSPACE control desk. The
fluctuations in the duty cycle resulting from the abrupt line or load changes can be instantaneously seen in the
dSPACE control desk.

3. Results

The hardware model of the three phase boost inverter system has been implemented in closed loop configuration
as shown in Fig. 2. The three phase boost inverter set up was tested for a DC input voltage of 60 V to provide a three
phase AC output voltage of 110 Vrms. These results have also been shown in the sections to come. The hardware
result comparison has been shown in Table 1.
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Fig. 2. Hardware setup of the proposed GA based three phase boost inverter

Table 1 Parameter specification for hardware.

Parameters Traditional PI Controller Hardware values Proposed GA based PI Controller Hardware values
Input dc voltage, Vi, 60V 60 V
Output ac voltage, V, 110 Vi 110 Vi
Switching frequency 20000 Hz 20000 Hz
IGBT CM100DU-12H CM100DU-12H
Inductance, L 200 uH 200 uH
Capacitance, C 20 pF 20 pF
Load resistance, R 220Q 220Q
Real time interfacing dSPACE1104 dSPACE1104
THD 3.59% 2.95%
00V 2 204/ 3 4 005 1000%  Stop 200v/ 2 108/ 3 4 0.0s 10005 Stop
Harmonics _ [Value[AMS] Limits{AMS] [Margin{%] [_[Harmonics _[Value(RMS] Limits(RMS] [Status
>l 0.283085 0.0 [0.0 > 0.283920 0.0
2 0.000832 1.08000 99 2 0.001367 1.08000
3 0.001882 2.30000 99 3 0.001759 2.30000
4 0.000327 0.430000 199 4 0.000120 0.430000
5 0.001736 1.13000 To9 5 0.002387 1.14000
6 0.000089 0300000 99 0000830 0300000
7 0.002502 0.770000 99 7 0.002056 0.770000
s 0.000549 0.230000 199 5 0.002793 0.230000
9 0.000871 0.400000 R 9 0000755 0400000
Class A Status: Pass 507/507 THD: 2.95% Class A Status: Pass 312/312 THD: 3.59%
18{v oy = -
2 i B o ] ] ™| ™| R
Fig. 3. Content of total harmonic distortion under GA Fig. 4. Content of total harmonic distortion under traditional method

The THD value of the single stage three phase boost inverter system was determined and was found to be lower
when the system was run using genetic algorithm. Results obtained from implementation of traditional and genetic
algorithm in the system have been shown in Fig. 3 and Fig. 4 respectively. The lesser value of THD implies further
harmonic reduction in the genetic algorithm based system when compared to the traditional system. The main
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objective of the project is to achieve a low total harmonic distortion value (<5%) in accordance with IEEE 519
standards which is achieved. Because of its superiority steady state and line disturbance testing is being done on the
genetic based system.

3.1 Steady state testing

For both the cases, the input was maintained at constant values of 60 V. and the load values were also maintained
constant. It is observed from the results that the system reaches steady state within a cycle. The results for the
system under steady state for an input of 60 V4. and 110 Vi output are illustrated in Fig.5 and Fig.6.
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Fig. 5 Steady state phase voltages of three phase boost inverter Fig. 6 Steady state inductor currents of three phase boost inverter

3.2 Testing under line disturbance conditions

The DC supply voltage is abruptly reduced or decreased from 60 Vg4, to 58 V4. The hardware results for the
system under line disturbance condition are illustrated in Fig. 7. The results prove that the output of the three phase
AC voltages remains stable even during the line disturbance conditions. This particular test proves how robust,
adaptable and stable the three phase boost inverter system is when implemented with GA.
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Fig. 7. System under line disturbance condition
4. Conclusion

A boost inverter which would convert the given DC voltage supply to three phase AC voltage has been implemented
in closed loop in voltage control mode. The PI controller constants have been obtained both by the traditional as well
as by using genetic algorithm and it is observed that when the model is implemented by genetic algorithm it gives a
low THD value which suggests a better quality. Moreover it can be seen from the results that the output voltage
remains stable even during the line disturbance condition proving that the system will remain stable, adaptive and
robust and can withstand the disturbances in any system in which it is employed. The THD value was dutifully noted
and was found to be 2.95 % by utilizing genetic algorithm which is an implication of the higher quality of the AC
output voltage obtained from the inverter system
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