
Review Article
A Bridgeless LUO Converter with Glowworm Swarm Optimized
Tuned PI Controller for Electrical Applications

M. Sivaramkrishnan,1 M. Siva Ramkumar ,2 Siva Subramanian S ,1

and Nyagong Santino David Ladu 3

1Department of EEE, Karpagam College of Engineering, Tamil Nadu, India
2Department of EEE, Karpagam Academy of Higher Education, Coimbatore, Tamil Nadu, India
3Department of Mathematics and Physics, Rumbek University of Science and Technology, South Sudan

Correspondence should be addressed to Nyagong Santino David Ladu; nyagongsantino19@gmail.com

Received 24 March 2022; Revised 17 April 2022; Accepted 22 April 2022; Published 17 May 2022

Academic Editor: Abu Zaharin Ahmad

Copyright © 2022 M. Sivaramkrishnan et al. is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

e synchronous reluctance motor (Sync-RM) is known for its higher reliability, faster dynamic response, higher e�ciency, higher
speed range, higher power density, and higher torque per ampere. Consequently, the scope of research into emerging Sync-RMs
drive system has been extended. For di�erent kinds of mechanical and electrical applications, motors are important components
of any machine or tool. ere are several types of motors available for various kinds of industrial applications, but the bene�ts of
Sync-RM in medium- and low-power applications have eventually been very e�cient compared to other motor types, regarding
the factors such as high �ux density per unit volume, high e�ciency, requirements of low maintenance, and low electromagnetic
obstruction. is research proposed a Sync-RM drive fed by a bridgeless LUO converter (BLLC) using the Glowworm Swarm
Optimization (GSO) tuned proportional integral (PI) controller. High competence, higher power density, and a small structure of
the motor drive are delivered by the PI-tuned converter. e output voltages are related to the Sync-RM motor of the proposed
converter. Due to its minimum e�ort and modest development, the Sync-RM here is chosen for the drive.e proposed Sync-RM
drive framework based on the LUO converter was evaluated by simulation using the Matlab/Simulink tool.

1. Introduction

e term “Synchronous Reluctance Motor” implies a syn-
chronous speed of rotation. In variable speed applications, it
is a signi�cant match to the induction motor. e Sync-RM
is absolutely free of magnets and their problems with op-
eration [1]. It is economical to manufacture and can run at
extremely high speeds and higher temperatures than motors
with a permanent magnet (PM). Its power factor and per-
formance, however, are not as high as those of a PM motor
and the requirement for the converter kVA is higher. It can
work from basically normal PWM AC inverters and has a
lower ripple of torque [2]. e synchronous PM motor
functions as a Sync-RM; the magnets are left out or
demagnetized; that is, there is no �eld winding or permanent
magnet on the rotor for the Sync-RM.ere are salient poles

in the rotor, but there are �at, scattered poles in the stator.
Low cost, robust, and high e�cient (ideally no rotor loss)
Sync-RMs are capable of working at very high speeds at
higher temperatures than PM motors [3].

For low-power equipment such as IEC 61000-3-2, the
PFC converter o�ers the power factor based on power quality
requirements. In addition, the new formation decreases the
THD input current that improves the present correction
factor [4]. To operate the PFC converters, continuous con-
duction mode (CCM), critical conduction mode (CRM), and
discontinuous conduction mode (DCM) are the three
working modes explored. Low input current surge and de-
creased electromagnetic interference (EMI) are given by the
consistent inductor current in CCM. As the inductor current
remains constant in the switching time frame, electromag-
netic interference encounters hard switching [5, 6].
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*e LUO converter is widely utilized due to the voltage
contains inherent qualities such as lift, ultra-lift, and super-
lift, which are all useful in the conversion process. For
example, the super-lift converter was considered to be
remarkable since the voltage switch gain is larger than that of
the other converters. *is proposed structure was hence
taken by the single-phase power source, which was followed
by a filter, and a BLLC, which transforms it into a Sync-RM
motor drive. *e BLLC is regarded as the precontroller with
the in-built power factors that is used in conjunction with
the DICM (discontinuous inductor current mode). Con-
trolling the speed of the Sync-RM motor to a substantial
extent can be accomplished by varying the DC link voltage of
the proposed LUO converter. *e Sync-RM is powered by
direct current derived from a BLLC, which serves as a PFC
rectifier and was sustained by the single-phase alternating
current. *ere are two components to the proposed PFC
BLLC. *is converter was divided into the operations be-
tween supply voltage’s negative and positive half-cycles, as
well as the complete switching cycles.

PFC converters achieve zero power switch current and,
for the diode, zero current in CRM operation. Although the
negative label related to CRM is the switching frequency
fluctuating through a broad range, resulting in a decrease in
efficiency and complexity in the outline of the electro-
magnetic field (EMF) channel [6], the transformation
techniques are easily established in the end, and there are
many divisions for DC-DC converters. Since the voltage has
its intrinsic qualities such as the ultra-lift, super-lift, and lift,
an LUO converter is commonly used. *e super-lift LUO
converter was remarkably dependent, among other things,
on the fact that the gain of the voltage switch was high [7, 8].
In the electronic circuit strategy, the voltage lift (VL) method
is widely used.

*e super-lift (SL) technique, along with enhancing the
transformation mechanism, was more efficient than the VL
system. For controlling the stator windings sequence, Sync-
RM requires energy converters. Generally, at each point,
Sync-RM converters have two switches. *ese Sync-RM
current waveforms are very flexible and compulsive controls
[9]. Additionally, the circuit of the converter contains a
passive low-pass LC filter. An alteration in the DPF (dis-
tortion power factor) is given by the LC passive filters, as the
design of the filter capacitor was created to provide the
appropriate phase to switch to PFC. In the meantime,
without considering the supply-side details, this passive filter
also for the switching harmonic provides low impedance.

2. Related Works

Due to the high output power, low cost, and durability in
different industry applications, Sync-RMs has received a lot
of attention [9]. Sync-RM may replace the induction,
switched reluctance, and permanent magnet motors that are
most widely used. In the performance, torque, and power
density, Sync-RM has been shown to outperform similarly
dimensioned induction motors. Due to the inclination of the
salient rotor poles to harmonize them with the synchro-
nously rotating field produced by the stator, the motor-

driven torque was generated by reluctance. *e magnets
were left out of the rotor in this motor, or they were
demagnetized. *ere are salient poles in the rotor of a Sync-
RM, but neither field windings nor PMs.

*e Sync-RM is based on the reluctance torque principle.
A spatial sinusoidal distributed magneto-motive force
(MMF) was produced by the stator windings. Because of the
configuration that generated a nonisotropic magnetic re-
luctance that interacted with the stator MMF [1], the rotor
saliency generated the rotor torque. Cage less and line-start
were the main types of Sync-RMs. *e other two kinds were
radial type and axial type, depending on the magnetization
(when the stator winding was energized). *e brushless DC
motor drive, which was supplied by a BLLC power-factor-
correction (PFC) converter, was controlled by a single
voltage sensor, which also controlled the BLDCmotor speed
and PFC on the alternating current supply[5, 6].*e Sync-
RM’s output depends primarily on the magnetizing in-
ductance values of the d and q-axis. Sync-RM’s saliency ratio
determined the power factor, parameter variance sensitivity,
and field-weakening efficiency of the motor. In particular,
about half of the saliency ratio was the ideal constant-power
speed range. Hence, for achieving a 4:1 stable power range,
theoretically, the saliency rate of at least 8 was needed [3]. A
technique based on finite element simulation of the mag-
netic field was used to improve the Sync-RM architecture
[2]. Based on the cascaded field-oriented vector control
(FOC), the classical Sync-RM control technique was pro-
posed. *e Sync-RM exhibited substantial nonlinearity in
magnetic saturation despite numerous advantages, render-
ing its power-optimal and ideally sensor less FOC com-
plicated [10].

If the source was acquired from single-phase or three-
phase AC transmission, the source current presents rich
harmonics. Comprehensive research was made and con-
tinues to enhance the generated torque efficiency and source
current’s efficiency when power was used from the AC
supply [11]. Analysis in specific primary direction would
analyze the different potential of utilizing new design tools,
such as the analysis of finite elements or the use of various
other software tools for the electromagnetic design, which
can result in enhanced torque development abilities with
minimum torque ripple [12]. *e pole face structuring was
also addressed a potential technique to increase the effi-
ciency of torque. *e other line of research was to discover
the options of new circuit topologies to drive the Sync-RM,
and this line of research has also delivered substantial several
topological changes that typically occur with the form of
accessible sources such as DC sources from rectifiers, re-
newable sources such as solar panels, sources of fuel cells,
and batteries [10].*e Sync-RM could be tried with un-
controlled and controlled rectifiers trailed with the DC-DC
converter of a general kind or latest converters such as
SEPIC, CUK, or LUO. Another alternative was the matrix
converter if the source was a multiphase form AC. *e
development of different control schemes was the other
direction of research [7].

For convenience, the PI speed controller parameters and
the initial EKF covariance matrix value were tuned off using
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PSO (particle swarm optimization) in [12]. Newly built
prototypes of Sync-RMs provide an alternative to the ref-
erence inductionmotors shown in [13]. Since rotor losses are
reduced, Sync-RM has slight high efficiency over IM. Low-
power variables were the key downside of Sync-RM. *ere
was no need for field excitation at zero torque in this motor;
hence, the losses of electromagnetic spinning were removed.
Demagnetization was not a concern; Sync-RMs were,
therefore, generally more efficient than permanent magnet
motors.

Using multipurpose feature, a smart controller for speed
regulation of the BLDC drive systemwas presented in [14]. It
was decided to employ a fractional order PID controller
based on a modified LUO converter in order to eliminate the
torque ripples and manage the BLDC motor speed in this
case. With the hybrid technique, the researchers were able to
synthesize an improved LUO converter that was on the basis
of ANFIS as well as elephant herding optimization. To begin,
the optimization technique was examined in order to de-
termine the error function. ANFIS controllers are also ef-
ficient since they are built using a method that is systematic
in its tracking of error function to deliver the greatest
possible gain values optimal. *e control method used to
decrease harmonics and torque ripples was successful.

*e use of a bridgeless power factors adjusted LUO
converter allows the switched reluctance motor to be driven
directly from the utility alternating current supply. It was,
therefore, appropriate for a wide range of home applications
due to this. *e usage of a sliding mode controller helps to
improve the control over speed management. For achieving
the appropriate speed, the front-end BLLC and the drive
systems could both be controlled. Various configurations of
the modulation index and duty cycle are possible, allowing
the system to be versatile in order to fulfil different demands
while maintaining a low steady-state error rate [15].

A hybrid renewable energy source that was incorpo-
rated into the grid was proposed in [16]. *e LUO con-
verter, which was controlled by an optimized PI controller,
was employed to maintain a steady DC link voltage. *e
voltage was raised with the help of a LUO converter, and
the raised voltage was regulated by an optimized PI con-
troller, which was implemented. *e optimization process
was carried out with the support of the ABC optimization.
Because of this optimization approach, it was possible to
keep the power fluctuation in a steady-state mode. It was a
straightforward and dependable approach for doing opti-
mization effectively.

3. Proposed Methodology

*e proposed Sync-RM drive system based on the BLLC
block diagram is shown in Figure 1. After the filter, a single-
phase supply then adopts this proposed model, and BLLC
converts to a Sync-RMmotor drive.*e BLLC converter was
held to be an in-built power factor precontroller for DICM
(discontinuous inductor current mode) operation. *e
Sync-RM motor’s speed is significantly controlled by
switching the DC link voltage of the proposed LUO
converter.

*e Sync-RM is operated by DC power attracted from a
BLLC converter used from AC single-phase utility power
supply as a PFC rectifier. In the following sections, the
delicate elements of the BLLC-based PFC rectifier are
presented.

3.1. PFC BLLC Converter. *e PFC BLLC was divided into
two parts that integrate the task into the supply voltage’s
negative and positive half-cycles and the complete switching
period. *e circuit diagram of the proposed BL-LUO
Converter is shown in Figure 2.

3.2. Operation Modes in BLLC Converter. *e PFC function
of the BLLC switch between the supply voltage’s positive
half-cycle and the complete switching time is shown in
Figures 3–5.

3.2.1. Mode I. As shown in Figure 6, the inductor on the
input side (iLi1) saves energy according to the current
passage (iLi) through it, and (iLi1) is the inductor when the
switch SW1 is triggered. In addition, at the direct current
side capacitor (Cd) and an output side inductor (Lo1), the
energy contained in a transition capacitor (C1) was trans-
formed. *e median transverse capacitor (Vc1) voltage,
therefore, minimizes when the DC interface voltage (Vdc)
and the output inductance (iLo1) current are extended.

3.2.2. Mode II. As shown in Figure 7, the inductor at input
side (Li1) switches its energy to the capacitor (C1) over diode
Dp1 when SW1 has been switched off. *e current iLi1 de-
creases until it reaches 0, while the voltage increases across
over the centre of the middle capacitor (VC1). Cd provides
the load with the energy required. *erefore, in this method
of operation, DC link voltage Vdc decreases.

3.2.3. Mode III. As it is seen in Figure 8, in the input in-
ductor (Li1), no energy was left, i.e., the iLi1current ends at 0
and enters the DCM operation. *e capacitor Ca and the
output inductance (Lo1) were released; thus, when DC
voltage link Vdc increase in this task appears in the fig, the
VC1 voltage current of iLo1are decreased. When the SW1
switch has been returned, the task is repeated.

Similarly, to achieve the desired operation, the supply
voltage’s negative half-cycle Li2 and Lo2 of the inductor,
intermediate Dn1, and capacitor diodeC2 were conducted.

3.3. Zeigler Nicholas Approach for PI Controller Tuning.
*e initial technique of tuning the PI controller by Zeigler
Nicholas (ZN) is additionally called as the method of the
reaction curve. Both the elements a and b are obtained from
the reaction curve obtained, and from these both elements
and by utilizing an empirical law, Ki and Kp values are
obtained. *e Sync-RM speed is an operating voltage
function for given load torque, and the DC link operating
voltage could be controlled by regulating the duty cycle
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utilized in the PWM drive system to consecutively energize
Sync-RM phases [17].

*e DC link voltage hence turns out as the regulated
variable, and the manipulated variable turns out as the duty
cycle. A transfer function (TF) was obtained to outline the
reaction curve among the duty cycle and DC link voltage. In
(1), the TF of the approximate model PFC-LUO converter
was presented. It estimates the TF among the duty cycle and
the voltage of the DC link:

DC link Voltage � 1.746e
05

s + 4.542e
08

. (1)

To obtain the reaction curve, the transfer function is
used. With the change of step from 0 to 0.5, the reaction
curve was acquired by adding a step input.

*e ZN tuning approach is a conventional method,
where the reaction was initially drawn. *e curve has a
concave section accompanied by a convex section, starting
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from the origin. In the reaction curve, the transition point
from the concave section to the convex section is called the
point of inflection. By extending the steady-state level
according to Figure 9, the acquired values for Ki and Kp and
a tangent were plotted through the inflection point, and this
tangent obstructs the y-axis and x-axis and the line plotted to
the y-axis.

3.4. GSO-Based PI Controller Tuning. By the idea of glow-
worms foraging or courtship behavior, which glows to at-
tract companions, the GSO algorithm was developed. In
GSO, every glowworm has a particular amount of luciferin

that defines the intensity of the luminance [18]. Glowworms
operate using an algorithm that causes them to seek out their
brightest neighbor. Using just local data, the swarm may be
separated into several subgroups that intersect via various
optimums to a multimodal function, which is the result of
these activities. GSO consists of four main stages: distri-
bution, luciferin update, movement, and neighborhood
range update. Controlling the performance index is the
primary goal of this basic PI tuning approach. For example,
the integral square error (ISE) was the objective function’s
output index that is framed to minimize the ISE. Each of the
glowworms solution vectors will be modified at the end of
each iteration [19–21].

3.5. Glowworm Distribute Stage. Randomly dispersed n
glowworms are placed at various points in the search space.
Every glowworm carries the same quantity of luciferin.

3.5.1. Luciferin Update Stage. *e update process for lu-
ciferin is according to the objective function’s value and the
past level of individual luciferin. *e luciferin update rule is

lg(i) � (1 − ρ)lg−1(i − 1) + cH xg(i) , (2)

where lg(i) represents at the ith iteration the luciferin value of
glowworm g, c,and ρ, H(xg(i)) is the objective function’s
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value at the position of the glowworm g, and L(xg(i)) is the
luciferin enhancement factor and decay.

3.5.2. Glowworm Movement Stage. During the movement
stage, each glowworm follows a probabilistic path to a
neighbor with a higher brightness than its own. *e chance
of a glowworm g travelling to a neighbor h is calculated as
follows:

pgh(i) �
lh(i) − lg(i) 

j∈Ng(i) lj(i) − lg(i) 
, (3)

where h ∈ Ng(i); Ng(i) is a set that could be verified by

h ∈ Ng(i), Ng(i) � h: dgh(i)< r
g

d(i); lg(i)< lh(i) , (4)

where dgh(i) represents the Euclidean distance within
glowworm g and h at the iteration of i and r

g

d(i) represents
the variable neighborhood range at the iteration of i related
to glowworm g. *en, the movement model for the glow-
worm is

xg(i + 1) � xg(i) + si∗
xh(i) − xg(i)

xh(i) − xg(i)
 , (5)

Where xg(i) ϵRm is the glowworm g location at the ith it-
eration in the m-dimensional real space Rm, xh(i) − xg(i)

indicates the operator of the Euclidean norm, and si(>0) is
the step’s size.

3.5.3. Neighborhood Range Update Stage. In the following
equation, each glowworm’s neighborhood domain is given,
considering r0 as the first neighborhood domain for each
glowworm:

r
g

d(i + 1) � min rs,max 0, r
g

d(i) + β ni − Ng(i)   , (6)

where ß is a constant, ni is a parameter of control for the
number of neighborhoods, rs represents a glowworm’s
sensory radius, and Ng(i) represents neighborhoods set
[22–28].

*e two random numbers are utilized along with this
simple GSO algorithm. In Table 1, the ki and kp values
obtained from the ZN and the GSO technique were
estimated.

4. Results and Discussion

For this section, the simulation based on MATLAB
SIMULINK and the setup was designed around a Sync-RM
of 2.2 kW (4 pole) motor.

Variable frequency drives are used in the model. *e
variable AC power source is fed to the inverter. During the
measurement, the inverter’s input voltage is set. In the in-
verter’s operational menu, the power and rotational speed
are adjusted to the suitable rated outcome. *e inverter
controls the motor’s output power and speed. Two power
analyzers are employed in the prototype system for mea-
surements. One is among the varying AC supply and in-
verter, while the other is among the motor and inverter. A
direct calculation of electrical output of the converter, based
on the motor’s input power and the output mechanical
power of its shaft, is used to estimate Sync-RM efficiency.
*e output torque of the motor was determined using a
torque sensor. *e IEC 60034-2-3 loads test is used to base
the computation. At regulated speeds of 1, 25, 1, 15 and 1, 0,
75 and 0, 50, and 25 percent of the rated load, six normal
operating points are carried out according to the rules. For
each load, we monitor the input control, load torque, stator
total current, phase-phase voltage, and speed. Table 2 dis-
plays the results of the load test.

*e measurements of the parameters included both
input and output measurements. *ese measurements are
calculated at different load levels, with load level varying
from 25% to 125%. Based on the load level, there is variation

Table 1: Evaluation of kp and ki.

Tuning technique
Gain parameters

Kp Ki
ZN technique 0.1 1.3
PSO technique 0.106 1.38
GSO technique 0.125 1.44

Table 2: Performance analysis of Sync-RM.

Parameters 25% 50% 75% 100% 115% 125%
Voltage (V) 395.7 435.6 456.5 453.4 454.8 449.7
Input_Power (W) 652 1255 1862 2485 3129 3814
Phase_Current (A) 2.33 3.24 4.01 4.81 5.75 7.06
Torque (Nm) 3.48 7.01 10.12 14.07 17.53 21.08
Speed (rpm) 1500 1500 1500 1500 1500 1500
Output power (W) 551.3 1104 1645 2206 2756 3302
Efficiency 84.9 86.4 87.2 88.5 87.4 86.2
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Figure 10: Torque vs. load.
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in the performance of the Sync-RM. *e voltage increases
constantly while the load increases; the voltage reaches to its
maximum level of 449.7V when the load is given at 125%.
*e phase current reaches from 2.33 A to 7.06 A. *e input
power was measured in watts; it varies from 652W to
3814W based on the load level given from 25% to 125%.*e
torque was measured using the sensor which ranges between
3.48Nm and 21.08Nm based on different load levels. *e
speed of the motor is measured at each load level, where the
speed is set at constant speed of 1500 Rpm at each load. *e
output power was measured in watts, where it varies from
551W to 3302W. *e efficiency obtained was varied for
84.9% to 88.5% (refer Figures 3–11).

5. Conclusion

To drive the 2.2 kW Sync-RM with a split DC power source,
a novel PFC BLLC was developed in this research. Utilizing a
Zeigler [29] Nicholas approach and GSO-based tuned PI
controller, the Sync-RM speed regulation was carried out,
which [30] controls the BLLC’s duty cycles and controls DC
link voltage. Correlated with a standard rectifier-based drive
for the Sync-RM, the primary current extracted from the AC
single-phase supply showed enhanced quality of power.
Using the MATLAB SIMULINK tool and experimental
verification, the proposed concept was simulated and vali-
dated.*e proposed GSO-based PI tuned method compared
to the ZN method and PSO provided better results. Stator
current and phase-phase voltage were evaluated in addition
to input control and output torque during the performance
evaluation.
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