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Abstract In this dissertation, a hybrid strategy is
intended for performance investigation of Quasi Z Source
Inverter (QZSI) fed Induction motor (IM) drive system.
The hybrid strategy is the fusion of both the binary version
of grey wolf optimization (bGWO) and random decision
forest (RDF) and commonly called as bGWO-RDF
technique. The main contribution of the dissertation is to
control the QZSI for enhancing the stability and the
performance of IM drive system using the proposed hybrid
strategy. The input of the proposed strategy is the speed
and three phase current of IM. With the help of input
parameters like actual speed and reference speed of IM, the
PI controller gain parameters are optimized using bGWO
technique. In order to train the RDF, the PI controller
output like reference quadrature axis current and actual
quadrature axis current is chosen. By utilizing the RDF, the
reference three phase current is generated. By utilizing the
actual and reference three phase current, the control pulses
are generated at the final stage. Finally, the proposed
technique is executed in the MATLAB/Simulink working
platform. The effectiveness of the proposed is compared
with various existing techniques such as ANN, PSO,
PSO-SVM and GSA-SVM. The effectiveness of the
proposed and other existing techniques is analyzed in terms
of ripples and harmonics reduction, rise time, settling time
and steady state error. Furthermore, the statistical analysis
is also performed and compared with other existing
techniques. The comparison result reveals that the total
harmonic distortion (THD) is decreased and the oscillation
period of the stator current, torque and speed are
eliminated.

Keywords QZSI, IM, Speed and Three Phase Current,
Control Pulses, Ripples and Harmonics Reduction, Rise
Time, Settling Time and Steady State Error

1. Introduction

Z-source inverter is a buck-boost inverter that has a wide
range of obtainable voltage. To defeat the issue in
conventional VSI and CSI, it cannot implement as some
obtainable voltage in Z- source inverter. Z-Source inverter
has been developed in different control methods hence the
Z-Source inverter was established in 2002 [1].
Quasi-Z-source inverters (qZSI) were proposed in 2008 [2].
Based on ceaseless input current and large EMI defense,
QZSI implements the wide settlement freedom. Simple
composition and ceaseless input current, the comfortable
structure consists of three phase source inverters is
generally used in quasi-ZSI (qZSI) [3-7]. To maintain the
benefits in qZSI competent for renewable power
applications some examples are solar panels, fuel cells,
wind power generators, etc. [8-11] and electric drive
applications [12].

Different modes of operation in literature consist of ZSI
and gZSI have been considered in [13-15]. To control the
duty cycle of gadget switch in circuit, the modulation width
of pulse in qZSI [16] handovers the AC voltage. To obtain
any craved output voltage ac, the capability of Quasi Z
Source system, implement driving conditions through
voltage drops and reduce motor ratings to obtain the
necessary power permits it to be used for flexible speed
drive systems [17]. Induction motor consists of three
phases, they are great extensively used in different
industrial applications due to the consecutive self-starting
properties; extinction of a starting device; robust
construction; greater power factor and better speed
regulation.

To control the speed different methods are used such as,
stator voltage control, frequency control, stator voltage,
frequency control and rotor voltage control. Due to the
plentiful methods, variable frequency application takes as
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more benefits example simple method implement control
the speed behind and speed rate up. Here the frequency
variable is used to control the speed and motor induction is
established for dissection [18]. To control the speed of
motor conventional PI controller can control the frequency
inverter. Moreover, the steady state achievement outcomes
are rarely utilized to conventional PI model. Based on
transient achievements, these methods cannot give better
outcomes such as saturation effects, parameter variations,
load disturbances, temperature variations, etc. [19]. To
compare the expert system and fuzzy logic, it is the most
kind in the generic form of Al due to artificial neural
network or neural network (ANN). To control the speed of
induction motor ANN is considered to many researchers
[20]. In this dissertation, a hybrid strategy is intended for
performance investigation of Quasi Z Source Inverter
(QZSI) fed Induction motor (IM) drive system. The hybrid
strategy is the fusion of both the binary version of grey
wolf optimization (bGWO) and random decision forest
(RDF) and commonly called as bGWO-RDF technique.
The main contribution of the dissertation is to control the
QZSI for enhancing the stability and the performance of
IM drive system using the proposed hybrid strategy. Rest
of the dissertation is organized as follows: section 2 depicts
the recent research work and its background. Section 3
explains the quasi Z-Source inverter (QZSI) fed IM with
the aid of proposed strategy. Section 4 explains the
simulation results and discussion for the performance
analysis of QZSI fed IM drive system. Section 5 concludes
the dissertation.

2. Recent Research Works: A Brief
Review

In literature review, different research works have
occurred earlier based on the importance of quasi z-source
inverter fed induction motor drive utilized different
methods and conditions. Few methods were reported here.

S. Dong et al. [21] have established a Z-Source drive
PMSM control system to adjustable DC-link voltage is
used to perform motor system capability. Working region
of torque and PMSM speed utilized to maximize as both
flux-weakening and DC/DC voltage rising stages can also
be implemented. M. Muhammad ef al. [22] illustrated a
newly presented hybridization storage energy model for
quasi-Z-source inverter spreader in induction drive motor.
The goal of this work was used to stress the current on
battery by merged with super capacitor formed as hybrid
storage energy due to the bidirectional integration of
DC/DC converter to the inverter. In an induction motor
S5kW drive system is decorated, applied and simulated to
MATLAB/Simulink  surroundings, the field-oriented
control was used to classify the importance of drive system
of induction motor and newly presented model of hybrid
storage energy system based on acceleration/regenerative

braking. A dynamic evolution control (DEC)—due to quasi-
Z-source inverter (QZSI) implemented five different
phases of induction motor (IM) drive system based on
nonideal voltage supply conditions was established by A.
K. Panda and R. Pandey [23]. Multiphase drives are the
most essential methods for sensitive applications, due to
the form of disturbances as voltage sag and serious impact
as interruption. QZSI allows major benefits among
conventional inverter; some examples are boost in output
direct current (DC) voltage (VO), utilization of shoot-
through state of inverter switches, and delay time
avoidance between switches of inverter's every leg. Thus
the benefits are mostly used with presented DEC (a
nonlinear control function) due to duty cycle “D”
generation model. “D” integrated vector modulation space
(VMS) scheme for direct torque control (DTC) of five-
schemes in IM drive.

Induction drive motor system was used to control with
Z-source inverter was established by S. Mythili and K.
Thiyagarajah [24]. To perform the induction motor (IM)
used to consolidate with hybrid technique based on
gravitational search algorithm (GSA) and support vector
machine (SVM). With the help of presented hybrid
technique, the uniqueness of study utilized to control the
inverter as Z-Source to perform the balance of IM drive
system. Consequently, the total harmonic distortion (THD)
was minimized and period of oscillation in current stator,
torque and eliminated speed. Input of the presented
technique was speed of motor and speed of reference. In
axis current, the quadrature reference of presented method
shows output. To obtain the reference quadrature axis
current, PI controller is utilized to get an optimal outcome.
To predict the pulse control of voltage source inverter
SVM was utilized. To generate the pulse control efficiency,
a three phase reference current utilized. To implement the
destination reference, SVM is trained as three-phase
reference current based on input motor quadrature axis
current and reference quadrature axis current. M. Sharma
and M. Lalwani et al [25] have evaluated and
complemented as ZSI, utilized to the speed of boundary
induction motor. Ripple of Z-source elements, output
voltage source, current are verified due to modulation
index and frequency switch with harmonic profile. Main
goal was utilized to evaluate the performance technique for
harmonic reduction and induction motor.

2.1. Background of the Research Work

Review of recent research work displays, for controlling
Z-source inverters fed as IM drives, an optimized harmonic
presentation observe as various PWM control schemes has
been announced based on the effort of lower switch loss.
Although this method has some variations in
characteristics, they are generally developed by initial
firing states to the classical VSI state chains with additional
possible states to merge behind low inductance conditions
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of low load. Due to its conceded aggregate results control
the voltage gain obtained, which now based on the load, for
that generalized was more difficult to control. To reduce
the load influence adequate parametric regulation must be
completed to decrease the total maximum frequency
current fluctuation in the circuit while analyzed with the
level of completed charge. While it is to stabilize the gain
parametric tuning may not reject the low cut off current at
the DC source in which the force mortifies the
characteristics response of the source. To overcome the
problem of this traditional power inverter topology, a high
efficiency Z-source inverter is used.

3. Quasi Z-Source Inverter Fed
Induction Motor (IM) with the
Proposed Strategy

In this section, Quasi Z-Source Inverter (QZSI) fed IM
with the aid of proposed strategy is presented. Fig 1 depicts
the proposed configuration of QZSI fed with IM. QZSI is
worked under two different operating modes they are:
shoot-through and non shoot-through state. Benefits of

Figure 1.

QZSI are the voltage buck and boost ability inexpensive.
The main theme shows: with the help of proposed
technique, QZSI pulses are controlled and subsequently
which performs the stability and performance of IM drive
system [26]. Fig 1 delineates the control scheme employed
in the proposed strategy. In QZSI, the DC power supply is
executed for the conversion of DC voltage to the necessary
three phase AC voltage. For the operation of IM, the
outcome of inverter is utilized. The input of proposed
strategy is the speed and three phase current of IM. With
the help of input parameters like actual speed of IM and
reference speed, PI controller gain parameters are
optimized using the binary version of Grey Wolf
Optimization (bGWO) technique. In order to train the
random decision forest (RDF), the PI controller output like
reference quadrature axis current and actual quadrature
axis current is chosen. The reference three phase current
has been obtained, by utilizing the random decision forest
(RDF). By the actual and reference three phase current, the
pulse control is accomplished at the final stage. In order to
operate the insulated gate bi-polar transistor (IGBT) the
control pulses are used. In the following subsection, QZSI
modelling is given.

Proposed configuration of QZSI fed IM
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@)
Figure 2.
3.1. QZSI Modeling

The modified version of conventional Z-source inverter
is the QZSI which is the type of unique stage power
converter. In QZSI, signals from source is separated and
regulated, which helps to control fluctuations of voltage,
reduces the switching ripples and reduce stress in the
source. In QZSI based on switching conditions two states
of operations such as shoot through state and non
shoot-through state [27]. In Fig 2(a) and (b) shows that the
equivalent circuit of shoot through state and non-shoot
through state. In shoot through state, the switches present
in circuit are active state and available components like
inductors and capacitors are actively performed in short
duration. During non-shoot through state, load and source
are directly connected mode through switches present in
the circuit, which ensures that QZSI as current source at
this time.

If shoot through state the duty cycle can be defined as,

(1)
where D

¢y
be described as follows.

represented as duty cycle. The steady state can
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QZSI (a) Shoot through state (b) non shoot through state

where V-, and V., are the first and second capacitors,
V,, represented as the input source. In order to control the

switches of IGBT inverter, the proposed control method is
utilized. Here, two algorithms are utilized such as bGWO
based optimization of gain and RDF based generation of
control pulse. In the following section, the bGWO based
optimization of gain is expressed.

3.2. Optimization of Gain Parameter of PI Controller
Using bGWO Technique

Grey wolf optimizer (GWO) is the most recent
bio-inspired optimization technique which imitates the
process of hunting process and grey wolves in nature [28].
In this paper, the binary version is performed based on two
approaches.

*  First Approach: Singular steps toward the first three
best solutions are binarized and then the stochastic
crossover is performed between the three essential
movements to discover the updated binary position of
the grey wolf.

e Second Approach: Sigmoidal function is utilized to
crush the continuous updated position, at that
stochastic threshold point these qualities to discover
the updated binary position of the grey wolf.

Two approaches to binary grey wolf optimization
(bGWO) are executed to optimize the gain parameter of the
PI controller. Here, bGWO optimizes and minimizes the
error rate of the IM. Proportional and integral gain
parameters must be optimally predicted to achieving the
minimum error. The reference quadrature axis current ( / ; )
is accomplished and the PI tuning is performed accurately
from the optimized parameters. The step by step procedure
used to obtain the optimal gain parameters of PI controller
is expressed below [29-32],

3.2.1. Steps of bGWO

Step 1: Initialization



50 Performance Investigation of Quasi Z Source Inverter (QZSI)
Fed Induction Motor (IM) Drive System with bGWO-RDF Technique

In initial step, introduce the random generation of PI
controller gain parameters like K pand K i-

Step 2: Fitness Evaluation

The fitness function of agents is assessed as their
minimum objective function. The fitness function of the
ant-lion and ants is figured as takes after:

F, = best(ff ): min(K pell)+K; j(; e(t)) ©)

From the above equation, the fitness is evaluated. Once
the K p and K,- parameters are tuned, the process get
optimized.

Step 3: Position Updating

The position updating is done according to the position

of the best search agents and the equation is derived as
follows,

= - =
X1+X2+X3 (7)

N
x(t+1)=
(t+1) i

N
here position of the grey wolf is indicated as x .

- > oS> o
X = xa_al.da (@)
- > 5 >
X, =|xg—a,edg )
- > oS> o
X3 =|x,—ased, (10)

Here, the first three best solutions in the swarm at given
— g -

iteration as x,, , Xg,X, .

Step 4: Approach 1 (bGWOL1)

The formulation of the main updating equation is done
by the approach 1 called bGWOL.
i (1)
here suitable crossover between solutions x, y, z as
crossover(x, y,z) , alpha, beta, gamma are the binary

X ZCFOSSOVQI"(XI ,xz,x3)

vectors which are represented as x; , x,, x5 .

(12)

i

P if (X2 +bstep’ )21
0 otherwise

here the position vector of the alpha wolf in the dimension s

as X, , binary step in dimension s as bstep, . The
equation of bstep;, is as follows,
1 if cstep,, > rand
bstep’, = if cstep,, >ran (13)
0 otherwise

here random number as rand , continuous valued step size

for dimension s as cstep,, then the equation is as follows,

R 1
t =
cstep,, L+ o 10 d;05) (14)
1 if (X5 +bstep’)>1
0 otherwise

here the position vector of the beta wolf in the dimension s

as X z, binary step in dimension s asbstep,, the equation
of bstep, is as follows,

1 if estepy > rand

bstepy ={ (16)

0 otherwise

here the continuous valued step size for dimension s as

cstepzl and it can be calculated for the sigmoidal function

as follows,
cstep’ SRR S 17
A |4 o 103 -05) (17)
1 if (X5 +bsteps) =1
0 otherwise

here the position vector of the delta wolf in the dimension s

as X, , binary step in dimension s as bstep, and the

equation for the bstep; as follows,

1

|4 o0 -05)

cstep, =

(19)

In order to crossover a, b, ¢ solutions, a simple stochastic
crossover strategy is applied and the equation is given in
the following,

a, ifrand<%

l<rand<% 20
3 3 (20)

otherwise

where the binary values for first, second and third
parameter in dimension s asa, b,, c,, crossover output

at dimension s as X . The algorithm 1 for the approach 1

is depicted in the following,
Algorithm 1: Approach 1
Input: Number of grey wolves in the pack
Number of iterations for optimization
Output: Optimal grey wolf binary position
Best fitness value
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1. Initialize the population of n position of grey
wolves randomly

2. Based on the fitness find the o, f, y solutions

3. While Stopping criteria not met do

foreach Wolf; € pack do

Calculate x,,x,,x; using equation (8), (9), and (10)

t+1
X

End

I Updatea, A, C

1. Evaluate the individual wolves positions
1II. Update o, B, y

End

Step 5: Approach 2 (bGWO2)

Only this approach the updated position vector of the
grey wolf'is forced to be as binary. The updating function is
reformed as follows,

< crossover among X, ,X,,Xy using equation (11)

> > >
XX,y
1 if sigmoid | ———

X;H — 3

0 otherwise

Figure 3.

1

~10(X—0.5)

sigmoid (a)= "
+e

(22)
The algorithm 2 for the approach 2 is depicted in the
following,

Algorithm 2: Approach 2
Input: Number of grey wolves in the pack
Number of iterations for optimization

Output: Optimal grey wolf binary position

Best fitness value
1. Initialize the population of n position of grey

wolves randomly

2. Based on the fitness find the o, f, y solutions
3. While Stopping criteria not met do
foreach Wolf; e pack do

Update wolf; position to a binary position based on
equation (21)
End

L Update a, A, C

II.  Evaluate the individual wolves positions
IIl. Update o, B, y

End

Process of bGWO technique
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Step 6: Termination

Until the previous section is repeated from steps 2 to 6
the maximum iteration is reached. Fig 3 shows the process
of the proposed bGWO algorithm. The bGWO algorithm
provides optimal gain parameters once the previous
process is completed and then applied to the PI controller.
The output of PI controller is the quadrature axis current
and it is the RDF technique input. Through inputs such as
reference and the actual current of the quadrature axis [ ;
and/,, ind the RDF predicts the three phase reference
current / ;.. The point by point representation of the RDF
based on control pulses generation is examined in
subsection 3.3.

3.3. Generation of Control Pulses Using RDF
Technique

Random Decision Forest (RDF) is a set of machine
learning procedure in the process of prediction [36]. In
RDF it consists of two hyper parameters [33-37]: in the
subset, the number of divisions in every node and the
number of trees in the forest. In the proposed technique the
RDF optimally predicts control signals with less error. By
using the inputs as the reference current and real quadrature
axis current, the RDF technique predicts the three phase
reference current. The RDF input layer consists of the
reference and actual quadrature axis current. The RDF
output layer consists of three phase reference current. The
step by step process of RDF is shown below.

3.3.1. Steps of RDF

Step 1: In RDF, by the reference and actual quadrature
axis current, the parameters of the inverters are prepared.

Step 2: RDF makes the combination of decision trees in
the classifier technique. Initially, to make the decision tree
numbers of trees in the forest are considered, it creates
b =1{a,(t),a,(t),---a,(t)} a combination, and each of these

is known as bootstrap samples.
Step 3: Based on the input and output target of RDF is
trained. Some input variables through each tree in this

technique are passed and generate output. On this set based
on the maximum vote the final optimal result is obtained.

Step 4: In the prediction process by evaluating the input
variables an importance of the RDF are ranked. The
variable significance is detected by comparing the
prediction error with the data term Out-Of-Bag. Different
datasets are managed in order to enhance the RDF model
by each sample. The number of splits is randomly selected
to generate the binary rule in each node. To best split
prediction mean square error (RMSE) is created in the tree
for every split the root.

Step 5: For increasing the prediction accuracy the
variable importance is measured. These errors are averaged
during the period of fitting over the forest and each data
error is calculated on-of-bag. After the training process
each data is computed over all trees, the difference in
out-of-bag (OOB) error before and after the permutation.
The importance of the variable is calculated in the
following equation,

. _ treey _ . _ ptree
D s i Ln =PI =Dt (L = PINZ)

(tree) _
Vi - pec (tree)

1
?
(23)

where OOB trace sample for a peculiar trec as pec™ | the

tree number is represented by tree , the total number of tree

is represented by 1, predicted classes for each trace sample
( (tree)

as D,

tree) .

and P¢ ,m , the value of the sample is
represented by x,, 4,B is the number of trace samples
per tree exit and number of trace sample per tree in the
forest. To give the appropriate reference values, the RDF is
ready once the previous process is finished. Finally, the
RDF output is transformed as appropriate control pulses.
Fig 4 represents the generation control signals using RDF
technique. By then, the proposed technique is tested under
the MATLAB/Simulink platform and compared to the
other solution techniques. The result of simulation and
discussion are shown in Section 4.
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Figure 4. Control signals generation using RDF technique

4. Simulation Results and Discussion
for the Performance Analysis of
QZSI Fed IM Drive System

In this section, the simulation results and discussion for
the performance analysis of QZSI fed IM drive system is
analyzed. For the operation of IM, the outcome of the
inverter is used. The input of the proposed strategy is the
speed and three phase current of IM. With the help of input
parameters like actual speed of IM and reference speed, the
PI controller gain parameters are optimized using the
binary version of Grey Wolf Optimization (bGWO)
technique. In order to train the random decision forest
(RDF), the PI controller output like reference quadrature
axis current and actual quadrature axis current is chosen.
By utilizing the random decision forest (RDF), the
reference three phase current has been generated. By the
actual and reference three phase current, the control pulses
are generated at the final stage. In order to operate the
insulated gate bi-polar transistor (IGBT) the control pulses
are utilized. In the MATLAB/Simulink working platform,
the performance of the proposed and the existing
techniques are analyzed. The existing techniques such as
Artificial Neural Network (ANN), Particle Swarm
Optimization (PSO), Particle Swarm Optimization-Support
Vector Machine (PSO-SVM) and Gravitational Search
Algorithm-Support Vector Machine (GSA-SVM). The
performance analysis is executed under two case studies.
They are:

4.1. Analysis of Cases

4.1.1. Case A: Demand torque Variation from (0 to 2 & 2 to
2.5)

In this section, the performance analysis of proposed and

the existing techniques under demand torque variation
from (0 to 2 & 2 to 2.5) is performed. The performance
analysis of actual and reference demand torque variation is
depicted in Fig 5. By clearly watching the Fig 5, the actual
and reference demand torque varied in the time duration of
0 to 2 sec with the actual demand torque of 300 to 50 NM,
reference demand torque of 100 to 200 NM. Also in the
time duration of 2 to 2.5 sec, the actual demand torque of
50 to 250 NM and the reference demand torque of 200 NM.
Fig 6 shows the performance analysis of speed of IM and
its comparison with existing techniques, current and DC
voltage. Fig 6 (a) depicts the graph of speed of IM. By
observing, the speed of IM varied at the time instant of 0 to
2.5 sec from the speed range of 0 to 120 rpm. Fig 6 (b)
clearly concludes that the proposed technique has the
optimal value than the existing techniques in terms of IM
speed. Fig 6 (c) delineates the performance of current under
case B. The current in the system varied at the initial
condition with interruption in the time instant of 0 to 1 sec.
Fig 6 (d) shows the DC voltage of proposed strategy. The
DC voltage of the system varied and noticed in the time
instant of 0 to 2.5 sec.

Figure 5.
variation

Performance analysis of actual and reference demand torque
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Figure 6. Performance analysis of (a) speed (b) speed comparison (c) current (d) DC voltage

Figure 7. Performance analysis of (a) torque (b) torque comparison

Figure 8. Performance analysis of (a) error torque (b) error torque comparison
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Figure 12. THD Performance of proposed strategy

Fig 7 depicts the performance analysis graph of torque
and the comparison with existing techniques. By clearly
watching the Fig 7 (a), the torque of the IM is varied with
the time instant of optimally from 0 to 2 and 2 to 2.5 sec
with torque variation of 300 to 50 Nm and 50 to 250 Nm.
But the existing techniques achieve power torque in the IM
which is graphically expressed in Fig 7 (b). Fig 8 depicts
the performance analysis graph of error torque and the
comparison with existing techniques. By clearly watching
the Fig 8 (a), the error torque of the IM is varied with the
time instant of optimally from O to 2 and 2 to 2.5 sec with
the torque value of 140 Nm. But the existing techniques
achieve power torque in the IM which is graphically
expressed in Fig 8 (b). Fig 9 shows the performance
analysis graph of stator flux in the d and g-axis. By clearly
watching the Fig 9 (a), the stator flux in the d-axis is varied
with the time instant of 0 to 1. Fig 9 (b), the stator flux in
the g-axis is varied with the time instant of 0 to 1. Fig 10
shows the performance analysis graph of rotor flux in the d
and g-axis. By clearly watching the Fig 10 (a), the rotor
flux in the d-axis is varied with the time instant of 0 to 1.
Fig 10 (b), the rotor flux in the g-axis is varied with the
time instant of optimally from 0 to 1. Fig 11 shows the
performance analysis graph of stator voltage in the d and
g-axis. By clearly watching the Fig 11 (a), the stator
voltage in the d-axis is varied with the time instant of 0 to
2.5. Fig 11 (b), the stator voltage in the q-axis is varied with

the time instant of 0 to 2.5. THD performance of the
proposed strategy is delineated in Fig 12. By clearly
watching the Fig 12, the THD value of proposed strategy
achieves 3.15% under case A.

4.1.2. Case B: Demand torque Variation from (0 to 1.5 &
1.2t02.5)

In this section, the performance analysis of proposed and
the existing techniques under demand torque variation
from (0 to 1.5 & 1.2 to 2.5) is performed. The performance
analysis of actual and reference demand torque variation is
depicted in Fig 13. By clearly watching the Fig 13, the
actual and reference demand torque varied in the time
duration of 0 to 1.5 sec with the actual demand torque of
300 to 0 NM, reference demand torque of 50 to 100 NM.
Also in the time duration of 1.5 to 2.5 sec, the actual
demand torque of 0 to 150 NM and the reference demand
torque of 100 NM. Fig 14 shows the performance analysis
of speed of IM and its comparison with existing techniques,
current and DC voltage. Fig 14 (a) depicts the graph of
speed of IM. By observing, the speed of IM varied at the
time instant of 0 to 2.5 sec from the speed range of 0 to 125
rpm. Fig 14 (b) clearly concludes that the proposed
technique has the optimal value than the existing
techniques in terms of IM speed. Fig 14 (c) delineates the
performance of current under case B. The current in the
system varied at the initial condition with interruption in
the time instant of 0 to 0.8 sec. Fig 14 (d) shows the DC
voltage of proposed strategy. The DC voltage of the system
varied and noticed in the time instant of 0 to 2.5 sec.

400 1
300 Actual
Reference
B
zZ 200
@
3
=
s 100
'_
ol
100 " . . . .
0 0.5 1 15 2 25
Time(sec)
Figure 13. Performance analysis of actual and reference demand torque

variation
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Figure 14. Performance analysis of (a) speed (b) speed comparison (c) current (d) DC voltage

Figure 15. Performance analysis of (a) torque (b) torque comparison

Figure 16. Performance analysis of (a) error torque (b) error torque comparison
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Figure 17. Performance analysis of stator flux (a) d-axis (b) q-axis
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Figure 19. Performance analysis of stator voltage (a) d-axis (b) g-axis
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Figure 20. THD Performance of proposed strategy

Fig 15 depicts the performance analysis graph of torque
and the comparison with existing techniques. By clearly
watching the Fig 15 (a), the torque of the IM is varied with
the time instant of 0 to 1.5 and 1.5 to 2.5 sec. But the
existing techniques achieve power torque in the IM which
is graphically expressed in Fig 15 (b). Fig 16 depicts the
performance analysis graph of error torque and the
comparison with existing techniques. By clearly watching
the Fig 16 (a), the error torque of the IM is varied with the
time instant of 0 to 1.5 and 1.5 to 2.5 sec with the torque
value of 100 Nm. But the existing techniques achieve
power torque in the IM which is graphically expressed in
Fig 16 (b). Fig 17 shows the performance analysis graph of
stator flux in the d and g-axis. By clearly watching the Fig
17 (a), the stator flux in the d-axis is varied with the time
instant of 0 to 1. Fig 17 (b), the stator flux in the q-axis is
varied with the time instant from 0 to 1. Fig 18 shows the

performance analysis graph of rotor flux in the d and g-axis.

By clearly watching the Fig 18 (a), the rotor flux in the
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performance evaluation of proposed and the existing
techniques is given in the next section.

4.2. Performance Evaluation in Terms of Various
Metrics

In this section, the performance evaluation of proposed
and the existing techniques in terms of various metrics
under all cases is inspected. Various metrics are statistical
measures, efficiency, ripples reduction, time domain
parameters, THD reduction and elapsed time. The results
are as follows:

Table 1. Statistical measures of proposed and existing techniques under
Case A
Solution techniques Mean Median Standard deviation
Proposed 1.3789 | 1.3269 0.1004
GSA-SVM 1.4930 | 1.4410 0.1132
PSO-SVM 1.5334 | 1.4704 0.1154
PSO 1.6527 | 1.5802 0.1256
ANN 1.4261 1.9161 0.3621
Table 2. Statistical measures of proposed and exiting techniques under
Case B
Solution techniques Mean Median Standard deviation
Proposed 1.3453 1.2951 0.0893
GSA-SVM 1.4411 1.3757 0.1047
PSO-SVM 1.5431 1.4888 0.1150
PSO 1.6399 | 1.5938 0.1288
ANN 1.7456 | 1.9655 0.2637

Table 3. Comparison of proposed technique with existing techniques in
terms of efficiency

.. . . .o . Efficiency (%)
d-axis is varied with the time instant of 0 to 1. Fig 18 (b), c
the rotor flux in the g-axis is varied with the time instant of Sollluflon ases
0 to 1. Fig 19 shows the performance analysis graph of Techniques Case A Case B
stator voltage in the d and g-axis. By clearly watching the ANN 32.1653 | 56.2453 | 65.3232 | 44.3956
Fig 19 (a), the stator voltage in the d-axis is varied with the PSO 66.1152 | 385231 | 25.1239 | 66.9872
tlme'ln'stant ng tq 2.5. Flg 19 (b), the stator voltage in the PSO_SVM 902357 | 812336 | 77.7259 | 72.6358
g-axis is varied with the time instant from 0 to 2.5. THD
. . . . GSA-SVM 81.1182 | 73.0023 | 79.9648 | 89.9907
performance of the proposed strategy is delineated in Fig
20. By clearly watching the Fig 20, the THD value of Proposed Technique | 97.3975 | 95.213 | 93.978 | 91515
proposed strategy achieves 3.26% under case B. The
Table 4. Comparison of proposed technique with existing techniques in terms of ripples
Solution Techniques
Parameters ANN PSO PSO-SVM GSA-SVM Proposed Technique
Min (%) | Max (%) | Min (%) | Max (%) | Min (%) | Max (%) | Min (%) | Max (%) | Min (%) | Max (%)
Torque ripples 1.9 17.369 0.50 5 0.4 4 0.28 3.2 0.21 0.91
Stator flux ripples | 0.887 5.97 0.04 4.30 0.012 11.31 0.904 9.21 0.51 1.1
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Table 5. Comparison of proposed technique with existing techniques in
terms of time domain parameters

. Time domain parameters
Solution
Techniques Rise time Settling time Steady state
(sec) (sec) error (volts)
ANN 0.837 1.96 21
PSO 0.751 1.73 18.5
PSO-SVM 0.727 1.33 19.73
GSA-SVM 0.73 1.4 15
Proposed 0.65 0.81 8.1

Table 6. Comparison of proposed technique with existing techniques in
terms of THD reduction for Case A and B

THD (%)
Solution Techniques
Case A Case B
bGWO-RDF 3.15 3.26
GSA-SVM 3.25 3.48
PSO-SVM 3.47 3.92
PSO 3.86 421
ANN 4.7 4.85
Table 7. Elapsed time comparison
Solution Techniques Elapsed time
ANN 6.875
PSO 5.112
PSO-SVM 4.867
GSA-SVM 4.5
Proposed 4.12

In case A, table 1 shows the statistical measure of
proposed and existing techniques. Table 1 includes the
mean, median and standard deviation. Here, the mean, the
median and standard deviation of the proposed technique is
lower than the other techniques. In case B, table 2 shows
the statistical measures of proposed and existing
techniques. Table 2 includes mean, median and the
standard deviation. Here, the average value, the median
and standard deviation of the proposed technique is lower
than other solution techniques. In table 3 used to tabulate
the comparison of efficiency under two cases with
proposed and existing techniques. Table 3 clearly explains
the effectiveness of the proposed technique in all the cases
with optimal efficiency results. Efficiency is the production
of energy output, divided by the input of energy, and
expressed as a percentage. Comparison of the proposed
technique with existing techniques in terms of waves is
tabulated in Table 4. Comparison of the proposed
technique with existing techniques in terms of time domain
parameters is shown in Table 5. Table 6 shows the THD
value obtained by proposed under two cases and compared
with existing techniques. Comparison of time elapsed is
shown in Table 7. Based on the above considerations, the
performances of the proposed method and existing
techniques are analyzed using the torque and stator flow

waves, the time domain parameters and elapsed time
obtained by the system drive. From the evaluations, the
effectiveness of the proposed method is determined.
Efficiency is evaluated based on the overall performance of
the IM drive system powered by QZSI. By using the
proposed strategy, the IM drive system powered by QZSI
achieves a better speed response with a lower error
compared to that of other controllers. From the previous
analysis, the performance of the proposed strategy is much
higher in all cases by reducing ripples, efficiency and
statistical measures

5. Conclusions

In this dissertation, a hybrid strategy of bGWO and RDF
technique is designed for the performance analysis of QZSI
fed IM drive system. By utilizing the proposed hybrid
strategy, the PI controller gain parameters are optimized
with help of bGWO technique. By then the RDF technique
is trained well and the three phase reference current is
optimally generated. Subsequently the optimal control
pulses are generated and the performance of the QZSI fed
IM drive system works optimally. The proposed hybrid
strategy based QZSI fed IM drive system is executed in the
MATLAB/Simulink working platform. Under two cases,
the proposed and the existing techniques are evaluated.
From the simulation results, the proposed method
successfully decreased the THD of the stator current under
case A and B is 3.15% and 3.26% and eradicates the
oscillations present in the motor torque and speed response.
It is examined that the proposed hybrid strategy is highly
preferable to improve the presentation of the IM. At last,
the comparison results have confirmed that the proposed
hybrid strategy is well efficient technique to the other
solution techniques.
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