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 The aim of this paper is to present a novel control scheme and designing of 
reactance parameter of PWM convereter and find the optimized value of 
parameters for voltage PI controller. Paper describes the application of 
Genetic Algorithms for optimization of controller parameters of PWM 
converter. The behavior of the stability region is plotted with different 
sampling periods.Genetic Algorithms used for off-line searching using the 
MATLAB, the simulation model of the dc- link PWM ac/dc converter is 
built up. According to the simulation results, it is known that, the presented 
control strategy is feasible and valid, and the converter can work well 
under PMDC motor load condition. 
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1. INTRODUCTION 
Due to non-linear nature of the converter operation and non-linear nature of the drive load, analysis 

and controller design of the PWM converter is challenging. The PWM rectifier permits power flow from ac 
to dc link, in case the load is drawing power and, from dc link to ac source, in case the load is generating 
power. For the four-quadrant drive control the PWM rectifier is used as front-end converter. During the drive 
operation, the dc link capacitor voltage is kept constant and ripples free. The three-phase input currents are 
maintained sinusoidal and in phase with the supply voltages [1, 2, 9, 12]. 

The PWM rectifier controls the harmonics injected in to the supply system and ensures unity power 
factor operation. The source inductors provide a power transfer link between two three-phase ac systems i.e., 
(i) three-phase ac supply and (ii) three phase ac regenerative/back emfs of the PWM rectifier [3, 6, 8]. 

GA is very different from most of the traditional optimization method. It needs design space to be 
converted in to genetic space. So, genetic algorithms work with a coding of variables. The advantage of   
working with a coding of variable space is that, coding discretizes the search space even though the function 
may continuous. A  most important difference between genetic algorithms and most of the traditional 
optimization methods is that GA uses a population of points at one time in contrast to the single point 
approach by a traditional optimization methods, transition rules are used they are deterministic in nature but 
GA uses randomized operators. Random operators improve the search space in an adaptive manner [5, 13]. 

Each chromosomes of the population are decoded for KP and KI. PWM model including hysteresis 
current controller, is simulated on MATLAB, with each value of chromosome (KP and KI). There is one 
fitness value corresponding to each chromosome in the population. Each fitness value is divided by the 
summed up fitness value to obtain fitness ratio (FR) corresponding to each chromosome. Scaled fitness 
values are summed up. Each scaled fitness value is divided by the summed up scaled fitness value to obtain 
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scaled fitness ratio (SFR) corresponding to each chromosome. A cumulative SFR is assigned to each 
chromosome by cumulative addition of the corresponding SFRs. The cumulative SFRs lie between 0 and 1. 
The process of reproduction, crossover and mutation is repeated for many generations till an optimum 
solution is reached [4, 13] 

 
 

2. PROPOSED PWM CONVERTER MODEL AND CONTROLLER SCHEMES  
The schematic diagram of proposed high power factor three-phase PWM boost converter is shown 

in figure 1. The PWM converter permits power flow from ac to dc link in motoring operation and from dc 
link to ac source during generating operation mode of the dc motor. During the drive operation the dc link 
capacitor voltage is kept constant and ripples free. The three-phase input currents are maintained sinusoidal 
and in phase with supply voltages. The converter controls the harmonics injected to the supply system and 
ensures unity power factor operation. The source inductors  provide a power transfer link between two three-
phase ac systems i.e., (i) three-phase ac supply and (ii) three phase ac regenerative/back emfs of the PWM 
converter. The converter is operated with outer dc link voltage control loop and inner hysteresis current 
control loop actions. The dc link voltage is sensed and it is subtracted from the reference voltage. The dc link 
capacitor filters out the ripples present in the dc link voltage. Larger ripples present in the dc link current 
drawn by the drive inverter, produces larger dc link voltage ripples; hence, appropriately large value of the dc 
link capacitor is chosen to minimize the ripples. The reference voltage is kept equal the line voltage rating of 
the PMDC motor. Actual voltage is subtracted from the reference voltage and error is send to PI controller. 
The output of the PI controller is peak value of reference current. To avoid the reference current amplitude 
more than the current rating of the converter, a limiter is applied. The limiter limits the peak value of 
reference currents between a maximum and minimum set values [10, 11, 14, 16]. 
Hysteresis current controllers are used to control the PWM converter three-phase input currents. The peak 
amplitude of the reference current is multiplied with three unit vectors. The three unit vectors are generated 
using three-phase supply voltages obtained from the common coupling point. The three-phase supply voltage 
templates are divided by their peak amplitudes resulting in Ua, Ub and Uc three unit vectors in phase with 
phase ‘a’, phase ‘b’ and phase ‘c’, voltages respectively. These unit vectors are multiplied with peak value of 
the reference current (obtained from the voltage controller) to give out three phase reference currents. Phase 
‘a’ and phase ‘b’ currents are sensed and phase ‘c’ current is produced as negative sum of the two phase 
sensed currents. Actual currents are subtracted from the respective phase reference currents rendering the 
three current errors. Using the three current errors I*a_err ,  I

*
b_err and I*c_err the hysteresis current controllers 

generate switching pulses for upper and lower IGBTs of phase ‘a’, phase ‘b’ and phase ‘c’ legs respectively. 
With voltage and current controllers, the dc link voltage is maintained constant and input three phase current 
is made sinusoidal and in phase with respective supply phase voltages[5,9,10]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Control scheme of PWM converter. 
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3.  OPTIMIZATION OF PI GAINS USING GENETIC ALGORITHMS   
GA works on natural evolution process. The evolution process is operated on chromosomes. The 

decoded 
structures uses of the chromosome are responsible for the performance and natural selection is linked with 
the performance. In natural selection,  the chromosomes having structure which provide desirable 
performance are reproduced more often than those that having undesirable performance. This natural 
evolution process is appropriately incorporated in computer algorithms to solve difficult search problems.The 
aim of the GA is to solve the problem of maximization (or minimization) to be stated in the form of an 
objective function. 
  
3.1. Generation of Initial Population 

The population size is the number of chromosomes in the population. Random bits are generated 21 
times (equal to the length of chromosome) and one chromosome (string) is formed. The chromosome is 
decoded for KP and KI and tested whether it is within the OKP4K I4O region of Figure 3 or not. If KP and KI 
are within the OKP4K I4O region the chromosome is accepted otherwise rejected. Total numbers of acceptable 
chromosomes generated are equal to the population size. For population size is 20 and the randomly 
generated chromosomes for initial or first population are shown in Figure 4. 

 
3.2. Objective Function and Fitness Value 

Each chromosomes of the population are decoded for KP and KI. PWM model including hysteresis 
current controller is simulated on MATLAB, with each value of chromosome (KP and KI). The performance 
of controller gains is judged by value of ITAE (Integral Time Absolute Error). The performance index ITAE 
is chosen as objective function. Fitness function is defined as 1/ (IATE+1). If more than 5% overshoot occurs 
in starting voltage response a 75% of the penalty is imposed to the fitness value. There is one fitness value 
corresponding to each chromosome in the population. 

 
3.3. Reproduction (Using Roulette Wheel Selection Criteria) 

Each fitness value is divided by the summed up fitness value to obtain fitness ratio (FR) 
corresponding to each chromosome. The fitness values corresponding to each chromosome in the population 
are scaled as  (FR-min.FR)/(max. FR – min. FR). Where, min.FR and max.FR are minimum and maximum 
values of fitness ratios obtained from the fitness values of the chromosomes in the population. Scaled fitness 
values are summed up. Each scaled fitness value is divided by the summed up scaled fitness value to obtain 
scaled fitness ratio (SFR) corresponding to each chromosome. A cumulative SFR is assigned to each 
chromosome by cumulative addition of the corresponding SFRs. The cumulative SFRs lie between 0 and 1. 
Random numbers between 0 and 1 are generated 20 (population size) times. If the magnitude of generated 
random number is equal or immediate below to cumulative SFR of a chromosome in the population, the 
chromosome is copied to new population. Total 20 times (equal to population size) chromosomes are copied. 
The probability of generating a random number is uniform throughout between 0 and 1, hence, probability of 
selection of more number of copies is high for the chromosome having high fitness value. 

 
3.4. Crossover and Mutation 

Crossover probability is chosen 70%. Out of 20 chromosomes, first 7 chromosomes are randomly 
chosen in one group and out of remaining 13 chromosomes, another 7 chromosomes are randomly chosen in 
other group, the third group stores remaining 6 chromosomes. A random number is generated from 1 to 
21(length of bits in chromosome), this number is taken as crossover site. First chromosomes of first group 
and second group are picked up and bits of their chromosomes beyond the crossover site are exchanged. 
Another random crossover site is generated and second chromosomes of first group and second group are 
picked up and bits of their chromosomes after the crossover site are exchanged. Similar process is repeated 
for all the 7 chromosomes of the first and second groups are crossover. A new population is obtained by 
combining the 14 chromosomes of crossover groups and 6 chromosomes of the third group. Mutation 
probability is chosen 0.5%. In the new population total 0.5% string elements are altered randomly. 

Chromosomes of the new population are decoded for KP and KI, and any chromosomes found lying 
outside of the region OKP4K I4O of Figure 4 are replaced by a randomly generated new chromosome lying 
inside the region OKP4K I4O. Now, the process of reproduction, crossover and mutation is repeated for many 
generations till an optimum solution is reached. The population size, crossover probability, mutation 
probability and number of generations can be varied for repeated search to optimise the solution. 
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3.5. Optimum Gains using GA 
The GAs is run for off line optimisation of the controller gains for the population size=20, crossover 

probability=70%, mutation probability=0.5% till 25 generations. The fitness values for 1st and 25th generation 
are shown in figure 7 and chromosomes for 1st and 25th generation are plotted in figure 5 shows the best 
values of chromosomes after 25th generation. The best pair of controller gain obtained as KP=0.6021 and 
K I=0.1056. 

  
 

4.  CONTROLLER DESIGN FOR THE PWM CONVERTER  
The control strategy of PWM Converter regulates input current and output dc link voltage. The 

control analysis of the converter can be simplified by making minor (inner) current loop independent of the 
outer voltage loop. The only way to delink the inner current loop with outer loop is to make the inner loop 
much faster than the outer loop. The inner current loop can be made faster by keeping high ratio of the dc bus 
voltage to the value of the phase voltage and/or by reducing the value of source inductor and/or by improving 
the gain parameters of the current loop controller. The current control scheme opted is hysteresis current 
controller as shown in Fig 1, which makes the input line currents in phase with their respective utility phase 
voltages. At steady-state operation of the converter, the switching pattern generated by the current controller 
is fixed for one cycle of the utility supply frequency. Hence, the average voltage generated due to PWM ramp 
switching is also a sinusoidal EMF [15]. 
The hysteresis current controller is in inner loop and it operates in stationary reference frame.The space 
vector current equation is represented as 
   s iE R I L I  s E= + +      

  (1) 

Input line currents, supply phase voltages and regenerative emfs are represented by space vector (Using 
Park’s Transformation) as below 
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Power balance concept is applied for design of outer voltage control loop. The power balance equation of the 
PWM Converter is 

2
2 2 2C

C s
L
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    + = − −    

    

    (2) 

The overall aim of the controller is to control input line current and output dc link voltage. Hence, at steady-
state operating point of dc link voltage (Vco) and input current (Io), the equation (2) can be written as  

    
2
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Choosing smaller value of the line current from equation (3), the line current space vector (Io) is, 
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Imposing small disturbance around the operating point, i.e., replacing the dc link voltage with (Vco+∆Vc) and 
line current with (Io+∆I), the dynamic equation of the system represented by equation (2) is obtained and 
neglecting square terms of ∆Vc and ∆I and simplifying it, we get 
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The above dynamic equation of the voltage transfer function can be written as 
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Where ( )
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Figure 2 shows a hybrid control system for implementing the control of the PWM converter. The 
voltage controller processes the voltage error and current command is generated. 
 

 
 
 
 
 
 
 
 
 
 

Figure 2. Closed loop control system of dc link voltage controller 
 
The limiter is replaced with Describing Function in order to linearize the saturation non-linearity. It 

is observed that the describing function of the saturation non-linearity is only amplitude dependent. Hence, it 
is frequency invariant having zero phase shift. For stability analysis purpose the limiter block is omitted. The 
block Gh(s) is transfer function of Zero Order Hold. It is given as 
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Controller gain function is given as 
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Closed loop transfer function of the overall voltage control system is, 
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The z-transform of numerator of equation (9) is written as 
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Where,  e VT

T
-

=α . 
The characteristic equation of the system is 
   ( ) ( ) 0zN1zD zz =+=        (11) 

Substituting equation (11) into equations (9) and after simplification; the closed loop transfer function is 
written as 
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From equation (12), the characteristic equation is 
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For stability analysis of the system, Bilinear transformation i.e.,  z=  (1+r)/(1-r) =  ejθr   is applied with 
equation (13). According to Bilinear transformation, on unit circle in the z-plane, varying  θr  anticlockwise 
from  –π  through 0 to +π, ωr  varies from  -∞ through  0 to  +∞  in r-plane, where r=jωr .  The left half r-
plane maps the interior of the unit circle in the z-plane. Substituting z=(1+r)/(1- r)  in the characteristic 
equation (13), we get, 
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The roots of second order characteristic equation are always in the left half of r-plane if all coefficients are 
positive. Hence, three conditions are deduced corresponding to each coefficient of the characteristic equation 
to be greater than zero. 
 

Condition – I: 

( ) ( ){ } ( )[ ] 0 TN1TNNT v0v12v >+++−−+ αα  
Substituting values of N2, N1, N0, and simplifying, we get 

( ){ } ( ){ } ( )pV v nv v v IV v nv v v v2K 2A T A T 1 K 2A T A T 1 2T 1 0α α α − − + − − + + >    (15) 

The term ( ){ } 01Tv >+α  for converter operation, dividing by positive quantity ( )α+1T2 v  on both sides 

of the equation (15) and solving, we have 
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Since, ( )α−1Tv  is always positive for the converter, hence, dividing by ( )α−1Tv  on both sides of 

inequality (17), we get 
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Condition –III: 

   ( ) ( )( ) ( ){ } 0TN1TNNT v0v12v >+++−++ αα  

Substituting values of N2, N1 & N0, and simplifying, we have 

   ( ) 0K1TA Ivv >− α        (19) 

Placing values of Av, Tv andα , we write 

  ( ) v

T2
TL

IV s o
co

3R C
 K  E 2I R 1 e 0

8V

− 
− − > 
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Polarity of Vco and gain KIV  are always kept positive. Hence, to satisfy the stability condition, the two terms 
in braces are required to be either positive or both negative. The first term in braces is (Es-2IoR)>0 for the 
converter. The second term in braces is (1-e(-T/Tv))>0    when RL is positive i.e., for converter operation. 
Hence, the inequality represented by equation (20) is always satisfied for KI>0. 

The parameters of the PWM converter are chosen as, VCo=590 Volts, Es=230 Volts, L=4.90 mH, 
R=2.5 Ω, RL=50 Ω, C=5050 µF and sampling period T=0.4 ms. The steady-state current (Io) is obtained from 
equation (4), for the given parameters. The calculated value of Io is 11.54 amp for the converter.   If sampling 
period T is increased, the stability region shrinks. Figure 3 shows stability regions for sampling periods 0.4m 
sec, 0.8m sec, 2m sec and 10m sec as OP1I1O, OP2I2O, OP3I3O, and OP4I4O respectively. 
Equation (12) is simplified and written as 
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Where,
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Impulse response of equation (21) is obtained as, 
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Also, unit-step response of the voltage control system represented by equation (21) is obtained as 
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Values of KPV and KIV are chosen near to origin in stable range of figure 3; as to make the system more 
stable. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Variation in stability region with sampling period on KPV and KIV plane 
 
 

5. RESULT AND ANALYSIS 
  The gains obtained by trial and error cannot be optimum. To obtain near optimum value of the gains 
in region OP4CDO of the KPV-K IV plane of figure 3; space search method, based on Genetic Algorithms is 
applied. Initially 300 chromosomes [KPV KIV] population is generated. The minimum values of both KPV and 
K IV  are kept 0.0001 and the maximum values are restricted in the shaded portion of figure 3. The unit step 
response is observed and integral time absolute error (ITAE) is chosen as objective function. The fitness 
function is defined as   Fitness = (1-0.5 penalty)(100/(1+ITAE)). The value of penalty is chosen 1 if there 
is an overshoot more than 2%, otherwise the value of penalty is kept zero. A chromosome with higher value 
of scaled fitness has fair chance to survive and produce off springs in next generations. The process to 
produce next generation is via reproduction, crossover and mutation. 4(a) is initial population of 300 
chromosomes and figure 4(b) is population of the chromosomes after 200 generations. After 200 generations, 
majority of the chromosomes bear higher values of fitness. The chromosomes shown in figure 4(b) are 
concentrated at higher value of KPV and lower value of KIV. In figure 4(b) and (c) the chromosomes after 200 
generations are plotted with their scaled fitness and decoded values of respective KPV and KIV. The 
chromosome having highest scaled fitness decoded as KPV=0.6021 and KIV=0.1056. The step response curves 
with different controller gains KPV=1.30 and KIV=0.14, KPV=1.1 and KIV=0.12, KPV=0.6021 and KIV=0.1056, 
KPV=0.3023 and KIV=0.0892 are shown in figure 5. The optimised gain KPV=0.6021 and KIV=0.1056 is most 
suitable for the voltage controller. 
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Figure 4.distribution of chromosomes in (a) initial population (in KPV-K IV pane) (b) after 200 generations 
final population (in KPV-K IV pane) (c) with respect to scaled fitness and KPV and (d) with respect to scaled 

fitness and KIV. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 5.Unit step responses with different controller gains. 
 
 
6. CONCLUSIONS 

The closed loop control system is developed based on the converter model. An analysis has been carried out to 
find the stability region of the voltage controller on KP and KI plane. The unit impulse and unit step responses are derived 
for the closed loop voltage controller of the PWM converter. The optimum PI voltage controller gain parameters are 
obtained using the Genetic algorithms search method. The PWM converter system provides the desired response with the 
optimized gains.  
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