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Abstract

One of the most beneficial forms of
renewable energy for electrification is solar
energy for a number of motives which
dominates other sources of energy in this
battle for development. As a consequence, a
PV system's characteristics and power must
be continuously checked. In an electric car,
a battery monitoring system is essential. It
guarantees the lifespan of the battery,
maintains the battery's functionality, and
protects it from harm. To enhance battery
performance  and  guarantee  secure
operation, battery operating systems are
implemented. This study examines various
digital information processing devices that
are Internet of Things (IoT) based and are
employed to track battery and solar PV
system characteristics. It uses a modified
SEPIC converter that can operate in either
step-up mode or step-down mode. To find
the optimal Pl gains, a Pl controller based
on the dragonfly algorithm (DA)
optimization approach is applied. In order to
evaluate the effectiveness of the suggested
work, MATLAB Simulink is employed.
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I. INTRODUCTION

The popularity of EV has increased in recent years as a result of rising gasoline prices.
Because of this, several automakers are looking for alternatives to gas-powered engines.
Utilising electrical sources may benefit the environment since there is less pollutants.
Furthermore, EV has tremendous advantages for saving energy and safeguarding the
environment. The majority of EVs use rechargeable lithium ion batteries. It is less when
compared to lead acid. It truly provides a continuous power supply and has a life cycle that is
6 to 10 times greater than a lead acid battery. There are a number of issues, such as
overcharging and severe depletion, that can shorten the lifespan of lithium ion batteries. Yet,
EVs frequently have a limited range of travel due to the size of the battery and the layout of
the vehicle. One of the main factors currently limiting the usage of EVs is the safety of
existing batteries [1]. For example, overcharging a battery has a chance to drastically shorten
its shelf life and cause serious hazards like fire. An EV battery tracking system that can notify
the user of the battery's state is necessary to prevent the abovementioned problems. When the
battery was in poor condition, the older battery monitoring system was able to detect,
recognise, and notify the user through a battery display within the automobile. Owing to
advancements in warning system design, 10T technology may be used to alert producers and
customers about the condition of the battery. One may consider this to be a service
maintenance method that the manufacturer might do. 10T goes beyond typical uses to link a
multitude of things and everyday goods, placing the entire globe at the user's disposal [2, 3].

Considering the preservation of fossil fuels is approaching its limit, sources of
renewable energy have progressively increased as a major source of energy output.
Therefore, the greatest way to meet energy needs and produce green energy for society is to
use RES. For the purpose of to accomplish equitable growth in the production of electricity, it
aids in the degradation of greenhouse gas emission and the ozone layer depletion. The
generation of solar energy is advancing more quickly than other RES because it is less
expensive, more readily available, requires less upkeep, and is easier to deploy. Therefore, for
today's clients, the availability, dependability, and quality of the power supply from RES are
crucial variables to address the aforementioned issues. [4,5]. Solar cells are often used in the
PV system to absorb sunlight and convert it to electricity. The PV cell is made of silicon or
other semiconductor components that use the PV effect to convert solar energy into DC
power. The solar cell absorbs solar energy when sunlight interacts with it, which then results
in the production of electricity [6]. Since it doesn't provide continuous adequate voltage. In
this study, a modified SEPIC converter that provides a three times larger voltage gain is
presented. Currently, power electronic circuits made of DC-DC Converters are a crucial
component of any modern electric car. These converters get their power from low-voltage
systems like fuel cells and solar PV. Though many innovative designs of DC-DC Converters
have been developed as a consequence of the demand for high power unidirectional DC-DC
Converters for possible electric cars [7]. A few hundred volts of DC are often produced by
the batteries of a battery EV. Yet, the voltage needs of the electric parts within the car vary,
with the majority using a significantly lower voltage. A type of power converter known as a
DC-to-DC converter changes the voltage level of a DC source. Energy is able to be sent in a
single direction if it is unidirectional. Additionally, a DC-DC converter plays a key role in the
design of a battery-electric vehicle since it converts power from low voltage to high voltage
so that electric gadgets can be charged. The SEPIC converter study is operating in both buck
and boost modes. A SEPIC converter's operation is dependent on fluctuations in the voltage
input and output, which are then used to derive the ideal values for the system's optimum
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performance. With respect to variables like the current voltage, several methods can be used
to determine the PI controller parameters [8-12].

The PSO-based metaheuristic strategy to tracing the global peak in non-uniform
weather conditions is provided in [13]. In constant state position, this approach did exhibit
some fluctuations around the global MPP. In [14], a hybrid strategy is proposed that
combines the traditional P&O method with ANN. This technique uses ANN to control the
GMPP voltage restrictions such that the P&O algorithm can then easily follow the MPP. This
method has demonstrated that it responds more quickly than the ANN method. By using
incremental conductance and fractional open circuit voltage, alternative hybrid approach is
proposed. These mixed approaches are more difficult and require both microcontrollers and a
sizable amount of memory. As a result, each of these elements raises the price of the PV
system as a whole [15]. This study implements the DFO algorithm to raise a PV system's
performance. In this article, the application of a PID controller tuning strategy based on the
Dragonfly optimizer to produce Pl gains that achieve maximum efficiency is the main topic.
The evaluation and discussion of the anticipated outcomes from the modified SEPIC
converter are included in this paper's conclusion.

Il. RELATED WORKS

1. R. Pereira et al [2019][16] have presented a paper that outlines the conceptualization,
creation, execution, and verification of an loT network comprising sensors, signal
processing circuits and PV plant management. PHP was used to create a website called
Web Monitor that allows users to view charts of real-time data online. The primary goal
of the concept is to monitor the temperature of the PV module, delivering information for
evaluation of efficiency and identifying flaws in the event that the PV cells overheat. The
monitoring of solar radiation, the surrounding temperature, comparative air humidity, and
wind speed provides additional information for examining the impact of climatic factors
on the operation of the PV module.

2. Chenxing Xu et al [2019][17] have conducted research on the off-grid power supply
system composed up of PV, batteries, and RESOC and proposed it for the remote and
unattended loT monitoring system for oil and gas pipelines. This study explores the
power framework and SOFC of each part, the working feature model of SOEC, and the
system's operational dependability while also establishing a model of optimization for the
functioning of off-grid power supply networks. The integrated energy conversion
effectiveness of RESOC's "electric-hydrogen-electric” system is inferior to that of a
battery, and its cost proved to be too high. In general, the research presented in this study
helps the optimization of off-grid power system performance under various
circumstances. Additionally, this will offer guidelines for future research on the system's
capacity setup.

3. Koko Friansa et al [2017][18] They discussed about how a smart grid system's batteries
can be monitored for efficiency and operations using an 10T based system. This smart
microgrid is made up of an intelligent electronic device (IED) hybrid inverter, a solar
power system, a pack of batteries, a grid link, and a source of power. The Human
Machine Interface (HMI), data collecting algorithm, cloud system, and IoT created in this
study comprise the IoT. In order to track the operation of each battery cell, a battery
tracking system with cell tracking functionality is required. Additionally, different 10T

Copyright © 2024 Authors Page | 38



Futuristic Trends in IOT

e-1SBN: 978-93-6252-596-3

1P Series, Volume 3, Book4, Part 1, Chapter 4

MONITORING OF PV BASED EV CONVERTER SYSTEM USING INTERNET OF THINGS

communication protocols may be used to boost data transmission rates and enhance the
dependability of cloud connections.

4. Kai huang et al [2020][19] have made a study on new agricultural 10T, or PAIoT, has
been suggested with the fusion of both PA and IoT technology after briefly outlining the
current uses for PA. It is better to understand how to implement PAIOT through an
examination of important factors that affect its viability, such as photovoltaic panel
disinfecting and broad water supply usage, installation of nodes and cost the optimization
for sensor networks for multi-function and multi-monitoring requirements, transmission
optimization of image data appropriation, and photovoltaic module fault identification.

5. Neeraj Priyadarshi et al [2020][20] have study about MPPT technique for solar PV
systems using PSO and the IOT has been suggested. As an interface between PV and a
DC load, a modified ZETA converter is employed. For obtaining the most electricity, the
converter's duty cycle is constantly modified utilizing the PSO-IOT technique, which
makes use of an Arduino and Bluetooth network. The PV system's MPPT controller
receives tracking and compilation of PV reference voltage from an 1O0T-based
management system. Under various operational circumstances, the I0T-based control
system enables connection and tracking.

1. PROPOSED SYSTEM

The PV system's general arrangement is shown in Figure 1. The system is composed
of PV modules, a Modified SEPIC converter, a battery, and a grid. When it comes to
effectiveness, stability, converging speed, and speed of response, the suggested DFO
technique succeeds.
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Figure 1: Proposed System Architecture

Figure 1 depicts the whole block structure that is going to be investigated in this
research. In this study, a PV module which converts solar energy utilizing a Modified SEPIC
converter is used to charge a battery. The output responsiveness is slower and the voltage
ripple is undesirable when the PI control is used. Consequently, to give a quicker reaction
from the output and maintain the converter's output voltage, the dragonfly optimized control
technique is used. This converter keeps the output voltage in a constant state after the battery
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is completely charged. 10T is used to track the battery's SOC. The DC power generated by the
converter must be converted into AC during grid integration using a single phase VSI, and
resonance must be eliminated by attaching an LC filter device.

1. Photovoltaic Systems: A PV module, power converters, and storage devices are arranged
in a PV system. Essentially, it is the power extractor that converts solar energy into
electrical energy. Compared to the conventional method, which relies on fossil fuels for
the production of electricity, this method is considerably different. While conventional
techniques for distributing and transmitting electricity are still used, PV arrays are created
by combining PV modules; when set up in series and parallel arrangements, these PV
arrays are referred to as PV generators. After that, they are set up such that they are
subjected to direct sunshine. With the aid of the inverters, the DC electricity produced by
the PV generator is converted into AC. The transmission system can be utilized for
delivering this power to the energy grid or for self-consumption. However, rather than
being transported, the energy can be stored utilizing the batteries. The two types of PV
models off-grid and on-grid PV models are categorized based on numerous types of
functional elements. Figure 2 shows an illustration of how the PV system is set up to
operate.

SMART METER

.

INVERTER BATTERY

ELECTRIC GRID
Figure 2: Layout of PV system

The DC-DC converter is provided to manage the stable output voltage under
various solar cell operating conditions, and in this case, the modified SEPIC converter is
employed to produce more voltage gain from the PV.

2. Modified Sepic Converter: A high performing dc-dc converter that has lower stress
from voltage in all semiconductors and inherent high static gain, the improved SEPIC
converter is employed in a variety of uses such as a renewable energy source. In this
paper, a straightforward soft-switching structure appropriate for the various modified
SEPIC converter designs is described. This structure lowers switching losses and diode
reverse recovery current.
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Figure 5: OFF state of converter

Figures 4 and 5 show how the improved SEPIC converter works in action. When
the semiconductor switch (S) is turned ON, Figure 4 displays the circuit. Figure 5 depicts
the circuit's comparable circuit with S off. When S is turned ON, the capacitor C, releases
the stored energy, the inductors L, L, and L3 retain the energy, and the diode D, is
blocked. Energy is transmitted to the load across the capacitors and diode D, at the instant
that S is turned OFF.
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Figure 6: Waveform of the converter

The inductance and voltage calculations can be applied to the circuit for a single period in
steady state if the switch S is switched on.

Vii=Vi Vi, =Ver + Ve, Viz = Ve (1)

The inductance and voltage calculations are also valid throughout a single period in
steady state if the switch S is switched OFF.

Vii=Vo+Ve1 — V4 2
Vio=Vo+Ve1 — Vi (3)
Vizs =Vo =V (4)

At a constant level, the standard voltage between an inductor is zero. As a result, the
converter's voltage turn ratio is able to calculated by using the formula below.

SViony = (1 = 8)Viorr ©)

Equation 5 can be used to L, and yields the equation shown below. The term is the duty
ratio of the switch.

Vi =A-6)Vo +Ver —Vin) (6)
This is reduced to,
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Vi=(1=8)Vo+(1-98)Ve (7
Similar rules apply for L, by (7).
8(Ver + Vez) = (1= 8) (Vo — Vi2) (8)
This is reduced to,
Voo =(1=8)Vy — V4 ©))
Similar rules apply for L3 by (9).
Ve = (1 —8)(Vo + Ver — Viz) (10)
This is reduced to,
Vea=(1=8)Vo + (1= 8)Vey (11)

V1=0 is apparent from (9) and (11). The subsequent duty ratio formula can be easily
determined if V;1=0 is used (9).

i=0-8V (12)

v =01 sy @

The use of dragonfly optimized algorithm with PI controllers results in proper voltage
regulation achieved in converters.

3. Dragon Fly Optimization Algorithm: A method for smart search optimization is called
dragonfly optimization (DFO). The dynamic and static behavior of dragonflies (DFs),
which offer qualities of discovery and utilization that are important components for
optimization, served as the inspiration for this method. The discovery stage is
characterized by the swarm's dynamic behavior, while the extraction stage can be
illustrated by the swarm's static behavior. Thus, these phases aid in creating the framework
for DFO approach. The position, division, cohesiveness, enemy, and food are five key DF
characteristics that can be used to predict how DFs are going to move as a group. The
equation for mathematics that follows illustrates these characteristics (14-19).

With 'i" and 'n' neighbors, a cluster’s total DFs is displayed. Equation (14), with the aid of
the DFs in a cluster, demonstrates the separation S,,; . Where X is DF's current position
and x;, is DF's position relative to its kth neighbor.

Spi = Zk=1(x — xx) (14)
The alignment term, which is denoted by (15), is employed to match the velocities of
moving DFs. The velocity of the kth nearby DF is represented here by V.

LV
4y = —2=00 (15)
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Every DF has a tendency to move in the direction of the mass center of nearby DFs. The
cohesiveness of DF is determined by equation (16),

Equation (17) illustrates how food draws DFs to a location.
At; = Xfood — X (17)

The DFs have a propensity to retreat from the opposition. Then Equation (18) presents the
enemy location x,

En; =x, +x (18)

The sum of the five parameters yields the updated location of the individual DF. This is
demonstrated by step Ax; and is indicated in Equation (19). Then the step size is
determined.

Ax; = wAx; + (a.Sp; + b.Ag; + c.Ch; + d. At; + e.En,) (19)

Where w indicates the inertial weight. The corresponding weights for division,
position, and cohesiveness are denoted by a, b, and c. Yet, the letters d and e are used to
denote the components of food and enemies, correspondingly. This method can be used to
track the MPP of a PV system in non-uniform weather conditions. The DOA flowchart is
shown in Figure 7.

The following are the algorithmic stages for applying the DFO approach.

e The particles are started in the range of a min and a max in the search space. Step size
is then started.

e Each DF's power is determined by the matching duty cycle in order to modify the
position of the opponent and food.

e a,b,c,d, and e's values are provided. For the phases of exploration and exploitation, the
adjacent radius is then modified.

e Then the position of DF is modified. If it lies outside of the search area, an algorithm
is launched from a different point of entry.

e The algorithm will terminate if the terminating requirements are satisfied. Restart the
search if necessary if not.

The management system can adapt to fluctuations and uncertainties effectively by
using the optimization strategy, which improves performance and results in reliable
regulation of the DC link voltage in usage. The suggested DOA technique has the
advantage of precise estimation and precise loss calculation. Consequently, as
exploitation potential rises, the rate of convergence gets better.
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Figure 7: DFO Algorithm Flow Diagram

4. Battery Monitoring Using lot: An loT-based battery tracking system is created in this
project using Nodemcu, allowing you to monitor your battery's voltage, proportion, and
rate of charging or discharging. The battery is, as we all know, the most important
component of any gadget since it powers the whole system. Because incorrect or
excessive charging or discharging could damage the battery or create a system failure, it
is imperative to monitor the battery's voltage level. Most electrical devices include battery
management systems (BMS), which are separate systems. The BMS monitors every
aspect of the battery, such its voltage, current, temperature, and auto-off mechanism. This
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guarantees the handling of lithium-ion or lithium polymer batteries in an appropriate and
secure way. Previous BMS only kept track of the battery's health and alerted the user via
a battery display. But because to the Internet of Things, we can now instantly alert people
from a distance. On their smartphone or computer dashboards, they are able to monitor
the battery level from any location around the world. This loT-based battery tracking
system uses a chip called a Nodemcu to provide information about the battery's condition
to the internet. The cloud shows the battery voltage in addition to the battery percentage
in both charging and draining conditions.

IV. RESULTS AND DISCUSSIONS

MATLAB/Simulink is used to assess the potency and competence of the suggested
converter and DFO-based method. Using the outcomes of the simulation, an analysis of the
DOA's effectiveness and time to convergence is set up. MATLAB is used to implement
controller algorithms, modified SEPIC converter modeling, and PV cell modeling. The
setting specifications for the SEPIC-Cuk converter and the PV system are shown in Table 1.

Table 1: Parameter Specifications

Parameters | Rating
PV system
Peak power 10 KW
Capacity SW
Number of 20
panels
Modified SEPIC converter
LllLZ lmH
G, 4.7 uF
Co 22,000 uF
SOLAR PANEL TEMPERATURE WAVEF ORM __ SOUARPAEL RRADATION NAEFORY
al R
g
= 0
LR f
5 “
fa §
H i
EH]- E
; -
0 I | I I | | I 0 | | | | | | |
L Do 0 05 02 02 03 0% od
Time(s) Timelsl
(a) (b)

Figure 8: Solar Parameter Waveforms (a) Temperature and (b) Irradiation
The properties of the solar PV system as a function of temperature and radiation are

depicted in Figure 8. After the surface temperature of the sun rises, it is observed that the
temperature climbs from its initial starting point of 25°C to an average temperature of 35°C.
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Similar to this, the panel maintains its initial irradiation level of 800W/sq m, but after 0.1s
because of a spike in temperature, it reaches an irradiation level of 1000W/sq m, providing
sufficient power to the converter input.

SOLAR PANEL VOLTAGE WAVEFORM SOLAR PANEL CURRENT WAVEFQRM
0 T T T T T T i | | | | T
b
3 4 g.
¥ i 4
: :
] v
0
| | | | I I I I I ‘ I : . ‘
0
0 5 04 05 02 03 03 0% 04 00 o1 015 02 0l 03 03 04
Timels)
Time(s)
(a) (b)

Figure 9: Solar Parameter Waveforms (a) Voltage and (b) Current

Figure 9 depicts the waveform of the electrical voltage and current from the solar
panel to the modified SEPIC converter. After reaching and holding a starting input voltage of
40V for 0.1 seconds, a rise in the PV variable causes the voltage to rise to 55V and stay there
for the rest of the time. In accordance with this, a constant current level of 2.2A is obtained
within 0.01 seconds of the PV current's first phase's peak increase.

CONVERTER OUTPUT VOLTAGE WAVEFORM CONVERTER OUTPUT VOLTAGE WAVEFORM
USING Pi CONTROLLER USING DRAGONFLY-PI CONTROLLER

e
s

Woltage(W)
P
=
[X)
=

W oltage( W)

E]

=
=

0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4 0 0.05 04 045 0.2 025 03 035 04

Time(s) Time(s)

(a)
(b)
Figure 10: Output Voltage of Proposed Converter by adopting (a) P1, (b) DOA-PI.

Figure 10 demonstrates that the DC link supply was controlled utilizing DOA-PI and
PI controllers to achieve the modified SEPIC converter output voltage. Figure 10(a) makes it
evident that tuning is necessary because employing a Pl controller does not result in a
constant voltage. The DOA-tuned PI controller generates reliable output in Figure 10(b). In
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order to get stable DC voltage as soon as feasible, a DOA-PI controller is advised. This
controller produces stabilized DC voltage of 320V, which is given in Table 2.

Table 2: Controller Performance Analysis

Performance Measures Pl DOA-PI
Peak Time (T, ) in sec 0.038 0.02
Rise Time (T;) in sec 0.017 0.01

Settling Time (T) in sec 0.4 0.2

CONVERTER OUTPUT CURRENT WAVEFORM
T T T T T

_a B | | i |

0 0.05 0.1 0.15 0.2
Time(s)

0.25 0.3 0.35 0.4

Figure 11: Output Current Waveform of Proposed Converter

The proper output current from the improved SEPIC converter is shown in Figure 11.
Early on, the current appears to vary, but after 0.1s, it stabilizes and stays at a steady value of

0.3A.

BATTERY CURRENT WAVEFORM

Current(A)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Time(s)
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3
40 T T T T

n
=

=

o | | | 1 | | |
u
0 0.05 0.4 0.15 0.2 0.25 0.3 0.35 0.4
Time(s)

(b)

Figure 12: Battery (a) Current (b) Voltage

The battery cell was operating at 1.2A continuous current and 24V battery voltage.
When the battery's SOC reaches 80%, it is tracked by Nodemcu via the Blynk app, as seen in

figure 13.
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Figure 13: Battery SOC estimation using MATLAB and loT
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The voltage and current waveform of a single-phase grid, which depicts different
kinds of electrical energy, are shown in Figures 14(a) and (b). Due to their regulated voltage
and current, these waveforms offer a consistent and steady flow of electricity with successful
power transfer, efficient operation of electrical devices, and maintenance of a steady system.
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Figure 15: Power Factor Waveform

The waveforms illustrating power factor are shown in Figure 15. It is noted that the

genuine power eventually maintains at roughly 0.9 P-U after initially suffering a few minor
changes.
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Figure 16: Converter Efficiency Comparison

Figure 16 illustrates an efficiency comparison between the proposed modified SEPIC
converter design and standard converters. Research showed that the proposed converter had
an efficiency of 98.67%.

V. CONCLUSION

This study uses 10T to estimate SOC on an EV charging battery and the Blynk app to
display the results. A modified SEPIC Converter that achieves the best efficiency of 98.67%
is upgraded to increase the voltage generated by PV. Additionally, this study created the
simulation environment using Matlab/Simulink software. The outcomes of the simulation
show that the DFO algorithm is more efficient and has a higher rate of convergence. The
DFO method may trace the global peak in a very short amount of time, with few fluctuations
around a constant level, and regardless of changes in shading patterns. As a result, the DFO
algorithm performs more effectively for a standalone PV system and has a settling time of
less than 0.2 seconds.
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