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Flexible Boundary Multi-Microgrids Power Distribution
Systems with Internet of Thing for System Efficiency
Enhancement

By Md Shahin Alam & Seyed Ali Arefifar

Abstract- Multi-microgrid power distribution systems are gaining attention in the smart grid era.
Distributed energy resources, energy storage, as well as energy sharing and scheduling has a
great potential to enhance multi-microgrid systems’ performance. This research develops an
algorithm for optimal operation of various distributed energy resources in a flexible boundary
multi-microgrid power distribution network, considering internet of things (loT). The proposed
algorithm used in this research can reduce power system operating costs, power, and energy
losses and emissions, and ultimately increase the systems’ efficiency. A hybrid Particle Swarm
Optimization-Tabu Search algorithm is developed for optimization purposes.

Keywords.: microgrid, distributed energy resources, distribution system; energy storage System,
loT; optimization.
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Flexible Boundary Multi-Microgrids Power
Distribution Systems with Internet of Thing for
System Efficiency Enhancement

Md Shahin Alam “ & Seyed Al Arefifar ©

Abstract-  Multi-microgrid power distribution systems are
gaining attention in the smart grid era. Distributed energy
resources, energy storage, as well as energy sharing and
scheduling has a great potential to enhance multi-microgrid
systems’ performance. This research develops an algorithm
for optimal operation of various distributed energy resources in
a flexible boundary multi-microgrid power distribution network,
considering internet of things (loT). The proposed algorithm
used in this research can reduce power system operating
costs, power, and energy losses and emissions, and ultimately
increase the systems’ efficiency. A hybrid Particle Swarm
Optimization-Tabu Search algorithm is developed for
optimization purposes. This algorithm is then applied to the
well-known Pacific Gas and Electric Company 69-bus power
distribution network for simulations and case studies to show
the impacts of various energy resources, the internet of things,
and flexible boundary conditions of multi-microgrid on
systems’ performance indices. The probabilistic uncertainty
states of photovoltaics and wind turbines are considered to
get more accurate results. The simulation results presented in
the paper shows great benefits are achievable through
operating the system as multi-microgrid and by energy sharing
between microgrids, especially with consideration of the
flexible boundary conditions and internet of things. The results
obtained from the simulations confirm significant increase in
the system efficiency and systems’ performance indices,
including operational costs, power losses and environmental
emissions.

Keywords: microgrid; distributed energy resources,
distribution system, energy Sstorage system; IloT;
optimization.

[. INTRODUCTION

istributed generators are gaining popularity in the
power system industry as they are helping to

modernize the traditional energy network.
Distributed generators are classified as dispatchable
units like a gas turbine and non-dispatchable units like
PV solar and wind turbine, located near the consumer's
site to enhance distribution systems performance.
Technological innovation in energy systems like
the Internet of Things (loT) is at the forefront of this
modernization for the real-time monitoring, situational
awareness and intelligence, and control of such

Author a: Energy & Technology Department at Odessa College,
Odessa TX, USA. e-mail: mdsalam@odessa.edu

Author o: ECE Department at Oakland University, Rochester MI, USA.
e-mail: arefifar@ieee.org

resources. In this scenario, a group of interconnected
distributed generators and loads can create microgrids
with unified characteristics [1]. Microgrids improve
overall power system efficiency as they enhance the
system reliability, resiliency, power quality, power losses,
and operational costs [2]. Energy management
strategies using real-time monitoring and control with
loT technology depend on the type of DERs, load
requirements, and the expected operational scenarios
[3]. Since there are uncertainties in the renewable-based
DGs, it is challenging for the power system operators to
balance the load and generators inside the microgrid,
especially if it disconnects from the grid as island during
an extreme event. Therefore, while there is excess
energy with one microgrid and a deficit in the other, it
would be beneficial for those to share their excess to
supply remaining loads. This energy sharing strategy
between MGs in a multi-MG power distribution system
significantly enhances the system performance and
efficiency when compared to a single MG [4].

Energy sharing and scheduling between
different DGs in multi-MGs is the crucial step for
enhancing overall system performance. Distributed
energy generation's location and their corresponding
generation capacities based on hourly load demand,
helps to reduce system losses and improve system
efficiency. If there is any time delay between load
demand signal and generation adjustment process, the
system reliability and efficiency would be affected.
Introduction of [oT technology in power systems
facilitates the real-time monitoring and control of load
and generation. loT in multi-MGs supports DGs and
loads in maintaining generation-consumption balance
and implement intelligent energy management
strategies in real time to enhance system efficiency.

Different types of distributed generators and
their corresponding scheduling are addressed in the
literature for the optimal operation of MGs using loT. For
instance, the authors in [5] proposed a model for a
virtual microgrid that divides a distribution system as a
set of sub-grids, making the autonomous grid more
resilient. Reference [6] uses the loT technology for
microgrid controls and remote monitoring purposes. The
authors in [7] apply the loT to make real-time
communication among DGs in MGs considering energy
management for tertiary controlling purposes. The

© 2022 Global Journals
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authors in reference [8] propose scheduling plans for
the existing distributed generators located in MGs for its
economic and stable operation. The objective of their
research is to minimize the microgrid operational costs,
especially during the islanded mode, having no power
from the primary grid and making the MG more stable. A
retroactive regime-based energy scheduling applicable
in small-scale MGs, is proposed in [9], where the
practical implementation does not need much
information for the uncertain generation’s capabilities.
The authors in [10] propose a two-stage stochastic
mixed-integer programming method for optimal
distributed generators operations while considering their
best locations in the microgrids during the microgrid
operation. This research aimed to operate the
distributed generators in such a way that help to run the
microgrid with lower operating costs and make the
microgrid system more resilient. The authors in [11]
propose a PSO-based optimization methodology by
considering the DGs locations and corresponding
capacities based on the profile of load demand in the
microgrid system. This research aimed to minimize the
microgrid energy loss for a given period by considering
the DGs and load uncertainties. The authors in [12] pre-
sent an energy management strategy in a campus
microgrid for controlling the dis-tributed generators
included in that MG. The objective of this research is to
minimize the system operating costs and maximize
renewable integration. A novel distributed event-based
energy management strategy is proposed in [13] by
optimally scheduling distributed generators to balance
load generation while minimizing the total system costs.
Note that the literature review here considers optimal
scheduling of single MG. More system benefits are
possible by considering the energy sharing between
multiple MGs, which help the overall system to be more
reliable, resilient, and efficient.

In [14], a game theoretic-based distributed
coordination control strategy is pro-posed, which
ensures the self-benefit of each MG during the global
benefit for the multi-MG. In [15], a multi-MG operation
uses a co-optimization model by energy sharing
between existing MGs. This model proposes a lower
pricing cost and maintains good computational
efficiency. A local market-based energy sharing model
between multiple MG is developed in [16] to minimize
the operational costs for each MG and among MGs. In
this model, optimal scheduling of DG within MG is done
using the market clearing process. A cooperative game-
based optimization model proposes a joint operation
between a distribution network and rural multi-MG is
proposed in [17]. The objective of this joint operation
between the distribution network and multi-MG is to
maximize the benefit of each MG and improve the
distribution network efficiency and reduce the overall
system operational costs. More research is performed in
the literature in the context of multi-MG to improve

© 2022 Global Journals

system overall performance [18]-[19]. Furthermore, the
authors in reference [20] propose a dynamic microgrid
by considering a flexible boundary among MGs based
on the allocation and coordination of agents to achieve
boundary mobility. This flexibility of boundaries may
affect the overall system management between multi-

MG operations. In [21], the authors develop a mixed-

integer linear programming-based operational

framework model to provide reliable service restoration
using the advantages of flexible DGs within MGs. The
authors in [22] propose a model to form a flexible MG

condition to improve the overall system reliability using a

demand response program.

Literature review shows that much research is
conducted on DGs controls and operations, energy
sharing using loT and energy management in microgrid
and multi-MGs. Nevertheless, further investigation is
needed for loT and energy management applications on
multi-MGs, especially in the perspective of flexible
boundary conditions. Multi-MG operation within the
distribution system without any time delays is required to
have a more efficient energy system that will ensure real-
time feedback between generations and load. 0T is
utilizing the concept of such advanced techno-logical
opportunities.  This research expands the IloT
applications' impact with energy management on
improving microgrids’ performance. Dispatchable gas
turbines, non-dispatchable PV and wind turbines, and
energy storage within multi-MGs as dis-tributed energy
resources are considered in the research. The Pacific
Gas and Electric Company (PG&E) 69-bus power
distribution system is selected, and the energy re-
sources' optimal locations and capacities are found
using a relatively new hybrid PSO-TS optimization
method to increase the overall system efficiency
considering flexible boundary conditions within MGs.
The developed model promotes the in-vestment in the
optimal generation facilities among profit-oriented
entities for utilities or system operators and the
consumers. Energy management strategy considering
loT is applied for the scheduling of energy resources
without any time delay of energy generation and load
forecasting. Thus, the main contribution of this paper is
summarized as follows:

1) Develop a model for finding optimal operation of
distributed energy resources in terms of their
locations and capacities, considering flexible
boundary conditions within multi-MGs to improve
the overall system performance.

2) Formulate the algorithm of distributed energy
resources planning and operation while considering
no time delay between generation and loads using
loT inside multi-MGs.

3) Apply energy management to get maximum loT
support for rescheduling DGs operations for a
flexible multi-MG boundary to improve the multi-
MGs system'’s efficiency.



4) Present case studies for different capacities of
energy resources with uncertain parameters within
flexible boundary multi-MGs systems with and
without loT.

The rest of the paper is organized as follows.
Section 2 describes the energy management and loT in
power distribution network. Section 3 describes the
system modelling for both dispatchable and non-
dispatchable generators as well as loads. Problem
formulation and optimizing solution algorithm s
presented in section 4 and section 5 respectively. Multi-
MGs power distribution system are analyzed in section 6
where the results and simulation of this paper is
presented in section 7. Impact of loT in multi-MG is
discussed in section 8 and finally conclusion of this
paper is presented in section 9.

II. ENERGY MANAGEMENT AND 10T IN
POWER SYSTEM

In multi-MG, the optimal scheduling of
distributed energy resources is necessary to improve
the system's performance. This scheduling of energy
resources is a challenging task, especially in an
uncertain load and generation scenario. It would be
even more challenging in the case of multi-MG DGs
scheduling and  operation.  Therefore, energy
management is necessary in mult-MGs to ensure a
proper balance between energy generation and load.
Since there is usually more potential for power
generation in a plan at certain times than power
consumption, there is more than one option for reaching
such balance. Since solar PV, wind turbines, and load
used in this research have uncertainty in nature,
considering states for these uncertainties is important
for proper energy flow. Thus, controlling the DGs and
getting power for delivering at the loads at a particular
time can significantly impact the multi-MG operations
and performance. Due to such significant impacts of
DGs scheduling in multi-MGs operations, considering
the energy management strategies is a crucial need for
the microgrids de-signers and operators.

[oT in power networks provide a sustainable
solution to enhance the multi-MG operation. In this
research, loT and energy management aim to utilize
distributed energy resources for their optimal operation
in real-time to minimize system operating costs and
reduce carbon emissions while enhancing the overall
system efficiency. Multi-MGs are present in this research
to optimize power flow so that maximum power is
obtained from the MGs with excess capacity and
minimum power is obtained from the primary grid if
there is availability. The target is to reduce energy
dependency from the primary grid toward MGs,
especially by energy management for DGs operations.
In this case, flexibility in microgrid boundaries facilitates
achieving this goal of improving the system's overall

efficiency. The power exchanges to-and-from the multi-
MGs are done in real-time with real-time rates using loT.
With 10T, the mult-MG system will become more
efficient, cost-effective, and less pollutive especially
considering flexible boundaries. 10T in a mult-MG
system network provides real-time feed-back to the
multi-MG and utility operators, which better serves
customers through controlling functionalities [23]. The
application of loT and energy management help to
improve system’s performance, which is shown in detail
in Section 7.

[1I. SYSTEM MODELING

In this research, multiple microgrids are
considered inside a distribution system. There are gas
turbines, PV solar, wind turbines, and energy storage
located in each MG. All microgrids are connected and
can exchange power while needed. These multiple MG
operations form multi-MGs, and energy can share within
this multi-MG. All microgrids are also associated with
the primary grid and can transfer power with the main
grid. This section discusses the modeling for gas
turbines, PVs, wind turbines, and energy storage in
detalil.

a) Distributed Generators

This research uses gas turbines as
dispatchable distributed generators and active power
sources, ensuring continuous energy if the fuel is
available. Because of these dispatchable characteristics
are the active power source that can provide specific
power for the operators. Because of sustained power
availability, the operational costs from this dispatchable
generator measure per kWh. The difference between
renewables-based DGs with the gas turbine is that it
creates environmental emissions due to its natural gas
fuel consumption.

The model for the gas turbine can be
represented as [23].
O\ _ Cng o P xat
' () = SEEH= (1)

Here C,, is the price for natural gas, K is a co-
efficient, and nyr represents the efficiency.

Be noted that the initial investment costs of
each dispatchable distributed generator have been
ignored in this research since it won't affect the goals of
energy management as an operational issue. The
energy sharing between dispatchable and non-
dispatchable generators happens within the multi-MGs
by considering tertiary controls of these DGs and
optimizing operational goals.

Moreover, this research uses wind turbines and
PV solar as the non-dispatchable distributed generators
for the multi-MGs application. Wind turbines and PVs
are clean sources of energy, which are comparatively
cheap and environmentally friendly. The problem with
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these types of distributed generators is that they are
uncertain. Since these distributed generators show non-
dispatchable characteristics, their output power is
indefinite for different times of 24 hours. The uncertain
ability of the wind turbine is mainly the wind speed and
features of the wind turbine module itself while delivering
its output power. Moreover, PV’'s output power also
depends on the outside whether like sunshine,
temperature, and the PV module itself. In this case, it is
essential to model these distributed generators with their
uncertain behavior.

In this research, the wind speed of wind
turbines is modeled hourly by the Weibull PDF using
historical data [24].

Ve < Vaw < Ur

0
Pratea X
Py, (an) = e Vr Ve (2)
Prated Ur < Vaw < Veo

0 v, <V

0<v,, <v,

Vaw —Vci

Where v,; represents the wind's cut-in speed, v,
and v,, are the rated speed and cut-out speed of the
wind, respectively. Py, and v,, are the wind's output
power and average wind speed for the state w.

For modeling PV, the solar irradiance of the PV
module is modeled hourly for 24 hours by the Beta PDF
using historical data [24].

fo(s) = % x 5@ x (1—s)F

0<s<L;aqpB=0 3)
where s represents the solar irradiance, f},(s) is the beta
distribution function and a and  are the corresponding

Beta PDF function parameters that can be calculated by
equation (4).

a= MXBXS(“_D
1_(41)
x(1+
B=1-u X(#U—z#—l) (4)

Energy storage is gaining popularity in power
areas as it works as both load and generator and can
operate in an economic way, considering charging and
discharging functions. Energy storage can act as a
dispatchable distributed generator since it can deliver
continuous power if the charge is available. The optimal
storage operation is influenced by the hourly availability
of wind and solar PV power and price from the utilities
and the optimization objectives. An energy management
system using loT schedules energy storage and other
DGs operations in the multi-MGs. In parallel with other
DGs in the design, ESS operations also happen to
minimize the distribution system operational costs. The
ESS maintained two satisfying constraints represented
by equations (5) and (6) during the charging and
discharging periods.

Charge: C(t + 1) = C(t) + AtPF 1, )
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atpEd
Discharge: C(t +1) = C(t) — n—t (6)
d

where PE“ represents the ESS power at time t, and P
represents power supply from the storages at time
periodt. The amount of stored energy for the ESS is
presents by C(t) in this equation with time t. n, and ny
represents the charging efficiency and discharging
efficiency, respectively.

b) Loads

The load data in this paper takes from the IEEE
RTS [25]. In this model, the hourly peak load is a
percentage of the daily peak load. Based on the load
variation in 24 hours, the scheduling of different
distributed generators obtains. This research considers
the probabilistic nature of load in 24 hours to get a more
accurate result.

[V. PROBLEM FORMULATION

This section describes the problem formulation
for the distributed energy resources optimal scheduling
within multi-MG. Also, this section presents the energy
management objective function using loT for distributed
energy resources operations which are minimizing the
system losses and costs together. Moreover, the
formulation is presented for multi-MG system operation
considering flexible boundaries within MGs based on
DGs contributions. Moreover, there are several
constraints  for solving the optimization problem
discussed at the end of this section.

a) Distributed Energy Resources Energy Management
Objective Function

The application of energy management is first
to find the optimal locations of the distributed energy
resources. Then, considering loT in multi-MGs having no
time delay, energy management schedules such
distributed energy resources for 24 hours. Based on this
scheduling of the resources, multi-MG power network
operational performance is calculated. Since this
research considers a flexible boundary based on energy
exchanges between MGs, there is a possibility to
improve the multi-MGs power network operational
performance. The objective function for finding the
optimal locations of these distributed energy resources
to minimize the system losses and operating costs
together and can be formulated as follows by equation
(7):

24 N
MinimizeOF = Z Z Poss ' +0C, (7)
h=1i=1

In this research, PV solar and wind turbines
work as non-dispatchable, having chances of
uncertainty during their operation. Thus, this objective
function needs modification, and uncertainty states will
be in front. So, the first part of the equation (8) will be



Nt

Ploss = Z Ploss X pp X hn (8)
n=1

Where N, is the total number of uncertainty
states used in the multi-MGs; p,and h, work for only
dispatchable  distributed  generators and  for
dispatchable DGs and p,and h,, will be equal to 1.

Thus, the final objective function for finding the
optimal locations of these distributed energy resources
can be present by equation (9).

24 Nyt

MinimizeOF = Z Z Pioyss X pp X hy +0Cy, 9
h=1n=1

Where 0C, is the multi-MGs power network
system operational costs, which is described in the next
section in detail.

b) Multi-MGs Systemn Performance Assessment

This section evaluates the multi-MG power
distribution network’s performance regarding total
system operational costs, which combines operating
costs, losses, and environmental emissions.
Environmental emissions are basically from the
dispatchable gas turbines used inside the MGs and
from the utility. The total system operational cost

depends on several factors such as generators used for
power generation, contributions of non-dispatchable
generators and their uncertainty parameter, real-time
pricing from the utilities, etc. Thus, scheduling the
energy resources located in multi-MGs and their energy
sharing is a significant factor for minimizing system
operating costs. Scheduling would be more beneficial
by providing extra flexibility for the distributed energy
resources due to the boundary condition. If the
distributed energy resources can have flexibility, more
management is necessary between microgrids and
would be more challenging for the power system
operator.  Interestingly, due to technological
advancement, the situation is improving nowadays. In
this research, the operational performance of a multi-
MG power distribution system assesses due to the
optimal distributed energy resources operations and
multi-MG flexible boundary consideration. If the multi-
MGs power distribution system already has some
installed generators, the operational cost can be
calculated from (10) for 24 hours considering the
operating costs of such DGs. As mentioned previously,
the DGs considered in this research are both
dispatchable and non-dispatchable types.

24 Npg
24 24 Npg
0C, = Z(psh + Py ) X Copuy = Z Z Ppg;, X Cpgpu;, + hzl Zl EpGagnd (10)
. =1j=
h=1 h=1 j=

where P, , represents the total power generated at time
h, P, , represents the corresponding system losses at
time h, and Cg,, , is power costs at time h. Pp; ; , and
Coepu_j_n @re the base DGs power and energy for per
unit at time h, and Np,; is the total number of base DGs.
Epgasna 1S the generation from the dispatchable and
non-dispatchable generators.

The operating cost (OC) of a multi-MG power
distribution system is calculated by equation (10) for the
energy storage charging period. Since this research
considers energy storage as a supportive resource for
renewable energy sources, the calculation would be
different during the charging mode and discharging
mode of the energy storage. Energy storage can charge
as a load during cheap price hours obtained from real-
time data for the utility, typically during the off-peak
period of the day. On the other hand, it can integrate
into the multi-MG operation while more energy is

needed from the utility, and there is no transformable
energy between the MGs. Be noted that this research
did not consider the initial energy storage investment
costs; instead, it weighed only operational costs, and
this would not affect the energy management process
during its optimal operations and energy sharing within
multi-MGs.

0C = T34, (R, + Py ) X G,

pup
24 (Npg 24 Ngss
Z Z PDGjh X CDGpujh + Z Z Pgss,, X Cgss, (11)
h=1 \j=1 h=1 m=1

As explained, equation (12) calculates a multi-
MG power systems network's operational cost (OC) for
the energy storage dis-charging period.

24 24 (Npg 24 Ngss
0C = Z(PS" + Pslh) X Copuy — Z Z PG jn X Cogpu_jn |~ Z Z NPgss, X Cgss, (12)
h=1 h=1 \j=1 h=1m=1

Where Pygss 5 is the energy storage's real
power in kW, Cgss  is the per unit costs for the mt"
energy storages, Nggs is the total number of energy

storage reforms inside the microgrid in the power
distribution system, and n is the discharging efficiency.
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One of the main concerning issues for the
utilities and dispatchable generator owners is emissions.
Equation (13) calculates the emissions from those
generators in a multi-MGs power system [24], [26]:

m
cE=szngs (13)
=1

Where E,, is the emission price in terms of $/kg,
and S is the emission coefficient in kg/kwh.

c) Optimization Constraints

In this research, several constraints have been
considered for using the optimization algorithm for
solving the optimization problem, summarized as
follows [24]:

Power flow equations should be modified to
consider the real and reactive power generated by the

energy sources.
Poyp , + Z Ppg, — Z Proad ;
nbus

= Z Vt,i X Vt,j X YL,} X COS(Gi’j + 61',]' - St,i)Vi,t (1 4)
i=1

Qsup, + Z Qpg, — z Qroad ,
nbus
= Z Vei X Vij X Y xsin(8;; + 68, — 6.;) Vi (15)
i=1

The power limit for distributed energy resources
integrates into the power network should be maintained
the following constraints.

DERS,;, <DERS,; < DERS;q, Ve, =1  (16)

The penetration level of different types of energy
resources (ERs) such as gas turbines, wind turbines,
and PV solar capacities are another constraint.

n
Z Pgps ; = % ERs;of feedercapacity (17)
i=1

Voltage limit at all the system buses and current
limit at all the power line should be maintained.

Vmin < Vt,i < Vmax vt,i'_'t 1 Ii < Imax ,ivt,i'_'t 1 (1 8)

V. OPTIMIZING SOLUTION ALGORITHM

In this research, optimization has been done for
optimal energy resources operations regarding their
locations and capacities.

In this case, the aim was to reduce the multi-
MG energy losses and operating costs. Particle Swarm
Optimization and Tabu Search Methods are two well-
known optimization algorithms with unique features.
Combining the two methods as explained below would
improve the overall efficiency of the optimization
process. Generally, particle swarm optimization (PSO)
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and Tabu Search (TS) are popular optimization methods
used by many researchers. For any big or complex
problem, PSO can easily find the optimal best locations
[23]. PSO typically starts with a simple concept by
considering two parameters, position, and velocity, while
searching the object. At the beginning of its search, the
initial position is chosen randomly from the defined
areas selected by the operators. At this stage, the
velocity is considered as zero. After a while, when PSO
offers the best initial local and global solution from the
searching spaces, it changes the best position and
velocity. When it reaches convergence, PSO will choose
the best result, and no more best results will come even
after further iterations. Interestingly, TS can find the
solution from his neighboring areas and use various
memory structures to make the solution more
economical and practical. The advantage of these
memories is that they can easily avoid the target already
in the tabu list and continue the search within other
spaces effectively using different memory structures.
The problem with these two types of algorithms, along
with most other metaheuristics, is that they cannot claim
the global optimum solution for a large dimension
complex problem [23]. Therefore, this research uses a
comparatively new method, namely hybrid PSO-TS, by
taking benefit of those two methods principles. The
proposed method can work and offer perfect results
even in large scale optimization problems.

In this hybrid PSO-TS method, PSO is
responsible for finding the initial solution and sent to the
TS. Depending on the multi-MG flexible boundary
condition, PSO will decide whether size and location will
be fixed or need relocation of distributed energy
resources before dispatch to the TS. TS will search for
optimal results using memory structures. If TS can offer
the better results from its experience than PSO, that will
be considered for the next steps and forward to the
PSO. This collaboration process between PSO and TS
will continue until this hybrid method ensures the
particles’ own best and global best among all the
particles in the searching spaces. The detailed steps
regarding the hybrid PSO-TS algorithm and its
application for optimal distributed energy storage
location and operation in multi-MGs power distribution
are illustrated in Fig. 1. It should be noted that the
Newton Raphson's (NR) load flow method is chosen for
power flow calculations in the multi-MGs system.



| Take randomly initial DGs, E;(i = 1,2, .... Ng) using PSO |

| Run the NR load flow method

Yes

N
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Select Eppesy and E gpeq;
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Generate n groups of x neighbors

>

A

of prest,k(k =1,2,.. Ng)
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4
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of Ebgbest,kOf prest,k

A 4

Update prest,n and Egbest,n

Figure 1. Flexible boundary condition-based hybrid PSO-TS solution algorithm

VI. MULTI-MG POWER DISTRIBUTION SYSTEM
UNDER STUDY

The well-known PG&E 69-bus power distribution
system with five different microgrids is selected for
simulations and case studies. The energy sharing from
the distributed energy resources form multi-MGs for
optimal operations of those energy resources. This
research considers gas turbines, PVs, wind turbines,
and energy storage systems inside microgrids to make
the method practical. To create a sample multi-MG
power distribution system, four arbitrary switches are
allocated between the microgrids and the bus numbers
11-12, 15-16, 23-24, and 43-44. This four-switch
positions make five microgrids. Further details on
creating a multi-MG system in a power distribution grid
can be found in [19]. The locations and capacities of
each distributed energy resource are selected optimally
based on minimizing multi-MG system losses and
operating costs together. These locations are chosen for
two different capacities of energy resources, 1125 kW
and 2250 kW, shown in Table 1 and Table 2 in the

results and discussion section. When the microgrids
operate between themselves and share their energy
based on energic economic, available generations, etc.,
it's called multi-microgrids. A flexible boundary condition
will allow the distributed energy resources to share their
energy more efficiently. The multi-MG power distribution
system's standard operational costs can be calculated
by using per kWh per unit for 24 hours. Similar 24-hour
periods are considered for the calculations of system
losses and system environmental emissions, and the
data is taken based on reference [24]. Since there are
uncertainties in the load generation states, because of
renewables generators and load variations, in this
research, their corresponding uncertain behaviors are
also considered to get faster, accurate results. Fig. 2
shows the system under study with a multi-MGs-based
power distribution system having multiple distributed
generators located inside the microgrids.
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Figure 2: Multi microgrid power distribution system

VII. RESULTS AND DISCUSSION

a) Distributed Energy Resources Optimal Locations and
Capacities inside Multi-MGs
Two cases have been considered for finding
optimal locations and capacities of distributed energy
resources in this research.

Case [ 1125 kW of Distributed Energy Resources
Operation: For the first cases, a total of 1125 kW of
distributed energy resources integrates into multi-MGs
where the contribution from the gas turbine is 500 kW,
PV solar and wind turbine is 250 kW each, and energy
storage is 125 kW. For the second case, a total of 2250

kW of distributed energy generators integrates into
multi-MGs. In this case, there are 1000 kW of gas
turbines, 500 kW of PVs and wind turbines, and 250 kW
of energy storage present in the multi-MGs.

When a total of 1125 kW of distributed energy
resources is included in multi-MGs, Table 1 shows
corresponding capacities and locations. Before applying
energy management in the operational setting, the
planning stage is finding places and powers based on
minimizing the multi-MG system losses and operating
costs.

Table 1: Optimal locations and capacities of distributed energy resources

DG Total Locations Capacities
Name | Capcacity (Bus) (kW)
Gas 15, 33, 47, 100, 100,
Turbine 500 kW 52,18 100, 120, 80
5,57,40, 30, | 50, 50, 50,
PV 250 kW 65 70, 30
Wind 41,69, 19, 50, 50, 50,
Turbine 250 kW 25, 63 50, 50
Energy
53,59, 12, 25, 25, 25,
Storage 125 kW 2416 40. 10
System

Table 1 shows the maximum capacity of gas
turbines placed in bus number 52, where the lowest
ability shows in bus number 18. A total of 500 kW gas
turbines contributed to the system based on other
distributed energy resources, capacities, and overall
depend on system objectives. For PV solar, the
maximum and minimum capacity is 70 kW and 30 kW,
located in bus numbers 50 and 65, respectively.
Noticeable that wind turbines are the same capacities in
each location which is 50 kW. Interestingly, the lowest
power ever shown for the energy storage system is 10
kW, which is on bus number 16.

© 2022 Global Journals

Case Il: 2250 kW of Distributed Energy Resources
Optimal Operation: In this case, a total of 2250 kW of
distributed energy resources integrates into multi-MGs,
and Table 2 shows their corresponding locations and
capacities. Gas turbines are a total of 1000 kW with five
different areas.



Table 2: Optimal locations and capacities of distributed energy resources

DG Total Locations Capacities
Name | Capcacity (Bus) (kw)
Gas 15, 33, 47, 200, 200,
Turbine 1000 kW 52,18 200, 240, 160
5, 57, 40, 30, 100, 100,
PV 500 kW 65 100, 140, 60
Wind 41,69, 19, 100, 100,
Turbine 500 kW 25, 63 100, 100, 100
Energy
53, 59, 12, 50, 50, 50,
Storage 250 kW 04,16 80, 20
System

The highest power of the gas turbine is in bus
number 52 with 240 kW, and the lowest capacity gas
turbine is in bus number 18 with 160 kW. PV is in bus
numbers 5, 57, 40, 50, and 65, where bus number 30
shows the highest capacity of 140 kW. Like the previous
case, wind turbine capacities are the same in all five
locations. Also, the maximum and minimum energy
storage is in bus numbers 8 and 16 with 80 kW and 20
kW, respectively.

b) Multi-MGs Power Distribution System Operational
Performance

When 1125 kW of distributed energy resources

operate in multi-MGs, the corresponding multi-MGs

operating performance indices are summarized in Table
3. The mult-MG operational commissions were
calculated for two cases with and without considering
flexible boundary condition. The reason for choosing the
two mentioned cases was to see the contributions of
flexible boundary condition in multi-MG controls and
operations. Fig. 3 shows the multi-MG system with
flexible boundary having multiple distributed generators
located inside the microgrids.
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Figure 3: Multi microgrid power distribution system with flexible boundary condition

Table 3: Multi-MGs system operational performance indices for distributed energy resources optimal operations

System Total
Loss cost

$325.7 $ 7635

Flexible .
Emission
Boundary
No $211.5
Yes $ 205.6

$98.7 $ 7175

It is seen from Table 3 that the total operating
costs for multi-MGs reduced to $ 7175 from $ 7635 due
to the advantages of flexible boundary conditions inside
multi-MGs. The significant changes happen for the

multi-MG operating loss reduction where it reduces from
$ 325.7 to $ 98.7 for optimal operation of existing
distributed resources considering flexible boundaries. A
similar deduction is observed for system emissions.
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Moreover, when 2250 kW of distributed energy
resources operate in multi-MGs, the corresponding
multi-MGs  operational  performance indices are
summarized in Table 4. Like as 1125 kW of distributed

energy resources operations, for the case of 2250 kW,
this research also considers the same two cases with
and without considering flexible boundary conditions for
finding multi-MGs operating performance indices.

Table 4: Multi-MGs system operational performance indices for distributed energy resources optimal operations

Flexible e
Emission
Boundary
No $193.8
Yes $ 189

For the operation of 2250 kW of distributed
energy resources in multi-MGs, the system gets more
benefit in terms of operational performance. For
instance, the results presented in Table 4 show that the
total operating costs reduced to $ 5824.2 from $ 6201.2
due to the advantages of flexible boundary conditions
inside multi-MGs. Like the previous case of 1125 kW,
significant changes happen for the loss reduction where
the loss reduces from $ 267.6 to $ 81.6 for optimal
operation of existing distributed resources considering
flexible boundaries, which is also less than the previous
case of 1125 kW. A similar deduction is observed for
system emissions as well.

System Total
Loss cost
$2676 | $6201.2
$81.6 $5824.2
VIII. IMPACT OF IOT IN MULTI-MGS

OPERATIONS

In this research, loT plays a crucial role in the
real-time operation and is controlled for multi-MGs. If loT
is not implemented for microgrid operation, there will be
a delay in communication, causing delays in detection
of load and generation changes. This would affect the
overall system performance and lower its efficiency. In
previous sections, loT is considered to ensure that there
will not be any delays between generations and loads
while performing simulations. This section is specifically
showing and comparing the impacts of having or not
having loT for operation of multi-MGs, with and without
flexible boundaries. For case 1, 1125 kW of distributed
energy resources operation in multi-MGs, the results
would be worse than expected, if 10T is not considered.

Table 5: 10T impacts for 1125 kW of distributed energy generations in multi-MG

Flexible L
Emission
Boundary
No $218.2
Yes $211.8

System Total cost
Loss

$ 3471 $ 7887.5

$104.6 $ 7396.8

Table 5 shows that the total operating costs go
higher to $ 7887.5 from the typical operating expenses
of $ 7635 with the same distributed energy generation
operation capacities in multi-MGs without considering
flexible bounder conditions. Even for the relaxed

boundary condition, operating costs increase to $
7396.8 from $ 7175 due to not considering loT for multi-
MG operations. Similar increment patterns are showing
for the system loss and emissions as well.

Table 6. 10T impacts for 2250 kW of distributed energy generations in multi-MG

Flexible -
Emission
Boundary
No $ 199.94
Yes $194.75

System Total cost
Loss

$ 284.98 $ 6406.1

$ 86.67 $ 6004.3

For the operation of 2250 kW of distributed
energy resources in multi-MGs, operational costs,
losses, and emissions are worse than before. In this
case, Table 6 shows that the total operating expenses
go higher to $ 6406.1 from the typical operational costs
of $ 6201 shown in Table 4 with the same distributed
energy generation operation capacities in multi-MGs
without considering flexible boundary conditions.
Similarly, even for the relaxed boundary condition,
operating costs go high to $ 6004.3 from $ 5824.2
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shown in Table 4 due to not considering loT for multi-
MG operations. Similar increment patterns are offered
for the system loss and emissions as well.

[X. CONCLUSIONS

This research develops a model for optimal
operation of various distributed energy resources in a
multi-MG power distribution network which helps for
increasing multi-MG system efficiency. The model
explores energy management, loT, and flexible



boundary conditions during distributed energy
resources operation. It is seen that more benefits are
achievable during energy sharing between microgrids
operating as multi-MGs. A comparatively new hybrid
PSO-TS algorithm is used for optimizations in the PG&E
69-bus multi-MG distribution system. Case studies show
that optimal operating strategies between various
energy resources in a mult-MG reduce the total
operating costs to $ 7396.8 from $ 7635 due to flexible
multi-MGs boundary conditions for 1500 kW energy
resources. More benefits can be obtained from the
application of loT with flexible boundary MGs, where the
total operating costs further reduces to $ 7175 from $
7396.8. Since there are uncertainties related to
renewable-based energy re-sources, corresponding
uncertainty paraments are included during system
modeling to ensure accurate results. Future work may
consist of multi-MG system resiliency and reliability as
an objective function while considering loT and flexible
boundary within multi-MG.
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Automatic Generation Control and Automatic
Voltage Regulator Design for Load Frequency
Control of Interconnected Thermal Power
System

Omer Elmukhtar * & Jianhua Zhang °

Abstract- This paper presents a new model for each
component of Automatic generation control (AGC) and
automatic voltage regulator (AVR) loops considering generator
rate constraints (GRC) of one and two areas interconnected
thermal power system. Any mismatich between system
generation and demand results in a change in system
frequency that is highly undesired. Excitation of the generator
must be regulated in order to match the power demand,
otherwise, the bus voltage may fall beyond the permitted limit.
In this paper, a simulation model is developed for each
component of AGC and AVR loops considering generator rate
constraints. Although the frequency variation was found to be
less with suitable controllers when the GRC is not considered,
it is not the frequency variation. The frequency variation can be
found when GRC is considered and then accordingly the
controller is tuned. So that the required frequency and power
interchange with adjacent structures are maintained in order to
minimize the transient deviations and to provide zero steady-
state error in a proper short time, the response without GRC is
compared with the analysis done with the GRC, the behaviour
of the planned is checked by MATLAB SIMULINK software.
Keywords.:  automatic — generation  control  (AGC),
automatic voltage requlator (AVR); automatic load
frequency control (ALFC); generation rate constraint
(GRC).

[. INTRODUCTION

he load frequency control problem discussed so
Tfar does not consider the effect of the restrictions
on the rate of change of power generation. In
power systems having steam plants, power generation
can change only at a specified maximum rate. The
generation rate for reheat units is quite low. Several
methods have been proposed to consider the effect of
GRC. The system dynamic model becomes non-linear
and linear control techniques cannot be applied for the
optimization of the controller setting.
Load frequency control (LFC) performs a very
important role in power stability between load and
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generation sides. In the latest years, many robust design
strategies have been delivered for LFC[1-3] the dynamic
behaviour of the many industrial plants are heavily
influenced by means of disturbances and, in particular,
by adjustments in the operating point. This is often
sometimes typically the case for power systems [4].
Automatic Generation Control (AGC) is the most
necessary problems in electric strength machine sketch
and operation. The goal of the AGC in an interconnected
strength machine is to hold tie-line electricity strength
and to keep the frequency of every area shut to the
scheduled values through adjusting the MW outputs of
the AGC generators which will accommodate fluctuating
load demands [5]. The generator excitation device
keeps the generator voltage and controls the reactive
electricity flow. A generator excitation of the older
system may additionally be furnished via slip rings and
brushes via implying of DC generator hooked up on the
equal shaft as the rotor of the synchronous motor [6].
Obviously, trade in the real electricity demand
impacts if truth be told the frequency, whereas a change
in the actual strength influences by the voltage
magnitude. The communication between frequency
control and voltage is typically weak enough to justify
their analysis separately. The sources of reactive
strength are generators, capacitors, and reactors [7].
Generators with identical response
characteristics for load variations assembled together to
meet a particular load demand is referred to as the area.
These areas are interconnected with tie lines these tie
lines are used to alternate energy between areas, which
will increase fault level and inter-area support just in
case of abnormal situations [8-10]. The area may also
have mixed of various sources combination of different
sources in this paper every area consists of thermal with
reheat type turbine system, fuel electricity technology
hydro, gas power generation [11]. The conventional
control approach for the frequency regulation problem is
based totally on applying corrective signal governor
summing point using Pl, PID controllers. These
controllers achieve zero steady-state error however
dynamic performance exhibited by these controllers
may be very poor. Greater over PI, PID controllers fail to
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provide satisfactory performance over a variety of
operating conditions.

A literature review on LFC shows varied control
strategies have been utilized for the load frequency
control problem. Optimal state feedback control
approaches, sub-optimal state feedback controllers are
projected in [12-13] Adaptive and self-tuning methods
are proposed in [14-15] Evolutionary algorithms like GA,
PSO, optimization, bacterial foraging, etc. applied by
several authors [16-19]. In an extensive literature survey,
LFC shows that LFC with ANN & Fuzzy logic control
application providing better performance for load
frequency control problems [19-22].

[1. AUTOMATIC GENERATION CONTROL

The first procedure in the analysis and design of
a control system is the construction of mathematical
modelling of the system. The two most common
methods are the transfer function method and the state
variable approach. The state variable methodology can
be applied to model linear as well as nonlinear systems.
So as to use the transfer function and linear state
equations, the system initially is linearized appropriate
assumptions and approximations are made to linearize
the mathematical equations describing the system. A
transfer function model is obtained for the following
components.

a) Generator Load Mode/

Gives the relation between the changes in
frequency (Af) as a change by a small amount (APD).
Neglecting the change in generation losses,

KP,
1+ TP, (1)

AF (s)= AP, (s)-AR, (s)

TPS is a power system time constant
KPS is a power system gain

b) Prime Mover Model

he model for the turbine relates modifications in
mechanical power output APt(s) to modifications in
steam valve position, the simplest prime mover model
for the non-reheat steam turbine can be approximated
with a single time constant (Tt), resulting in the following
transfer function:

AR(s) _ Ky
AYE(S) 1+ST @)

c) Speed Governor Model
Most modem governors use electronic means

to sense speed changes.
1

AYE (s)=APC(s)—EAf (s)x

Ksg
1+Tgg (s) @)
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R = Speed regulation of the governor
KSg = Gain of speed governor

Tg (s) = Time constant of speed governor

[11. AREA CONTROL ERROR OF TWO AREAS

The normal switch characteristic of the
mannequin is Let us now flip our attention to ACE (area
control error) in the presence of a tie line. In the case of
an isolated manage area, ACE is the exchange in place
frequency which when used in crucial manage loop
forces the steady country frequency error to zero. In
order that the regular country tie line strength error in a
two-area manipulate be made zero every other control
loop (one for every area) has to be brought to combine
the incremental tie line strength signal and feed it lower
back to velocity changer. This is performed by using a
single line-integrating block through redefining ACE as a
linear combination of incremental frequency and tie-line
power.

IV. AUTOMATIC VOLTAGE REGULATOR

AVR is an important part of a synchronous
generator. The AVR is used for regulating the terminal
voltage of the synchronous generator. Whenever, there
is an unexpected drop in voltage due to accidents,
faults or common changes in loading. The AVR
improves the transient stability of a system.

a) Amplifier Model

The comparator continuously compares the
reference voltage Vref and actual output voltage Vt and
generates voltage error signal, which is fed to the
amplifier. The amplifier can be magnetic, rotational or
electronic type. Due to the delay in the response of the
amplifier, its transfer function (T. FA) is given by:

_ KA _AVR(S)
ATIESTA T AV (S) @)

Where AVR (S) is the amplifier output and AVT
(S) is the error voltage and is given by:

AV (S)=Vref -VT (5)

b) Exciter

In the simplest form, the transfer function of the
modern exciter may be represented by the single time
constant TE and gain KE,

_ Kg _AVE(S)
C4+STE  AVR(S) 6)

Where AVF (S) is the field voltage of the
synchronous generator, the time constant of the modemn
exciter is very small.



c) Generator Field Model

The synchronous machine generated EMF is a
function of the magnetization curve, and it's terminal
voltage is dependent on the generator load.

KR _AV(S)
1+STR  AVE(S) 7)

T.Fg=

d) Sensor Model
The sensor sensed voltage through a potential
transformer.

_ KR _AVs(S)
STI+STR AVF(S) (8)

a) Two Areas Load Frequency Control

V. SIMULATION AND RESULTS

The design and simulation of the system are
analysing using MATLAB SIMULINK environment. And
it's using it to testing the individual blocks of automatic
voltage control and automatic voltage regulator system
of single and two areas with generation rate constraint
and used area control error to improve the dynamic
response and to reduce the steady-state error to zero.

In this study there are many assumptions, the
model of thermal generation plant, also the system with
two control areas that had one tie line between them
and the basic block diagram for a single and two areas
AGC, the system is in a normal operating mode and the
loss of a generating unit will not be considered.

Figure 1 represented the simulation of the block diagram of two areas.

20 |-
DPL -
Sum Govemaor Turbme Sum Inertia&load
-
] BV g s N
025+ 1 .55 +1 -l - 105 =1
@"Inck
DP = | o
2 -—
Pml,pm2p I:lq Mux |3
Integrator Sum
Seope
1 +
5 B _ Clock
+I ]
Sum Governor | Turbine Sum Inertia & load
] 1 T L
_ = h-+
'|=| 035 + 1 0.65+1 8S+0.9 iv ”
///L MAux Mux
16 = w]
T Scope P
LC} o
L =
[ ]

Figure 1: Model of two areas load frequency control
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Figure 3: Change in frequency of area one without ACE
0 5 1015 2025 30 35 40 45 50 55 60 65
U 1 ] 1 1 1 1 1 1 ] 1 1 1 i
g -0.001 Dw? without ACE
& -0.002 S.S. Freq. Settling Time
- 0.004991 ~
g _0.003 29.0375
LE)
‘H -0.004 |
aa
E’ -0.005
“  -0.006 | _
Time

Figure 4. Change in frequency of area two without ACE

Figure 4 shows the schematic of the LFC of the
2-area system without the secondary loop while figures
2, 3, 4 shows the simulation results. As the two systems
are interconnected, the frequency drifts of the two will
settle down to equal value after some oscillations. The
mechanical inputs of the two vary to reduce the
mismatched power between the electrical load in area 1
and the mechanical inputs. It can also be observed that
area 2 will generate excess power to share the load

© 2022 Global Journals

change in areal. It can observe the tie-line power flow
following a load disturbance in area 1. Compared to the
same result with the system, | appreciated the stability
improvement with interconnection.

b) Two Areas Load Frequency Control with Area Control
Error

The tie line deviation reflects the contribution of

the regulation characteristic of one area to another. The



basic objective of supplementary control is to restore  area. In other words, if there is a load change in Areal,
the balance between each area load generation. This there should be supplementary control only in Areal
objective is met when the control action maintains and not in Area2. For this purpose, the area control error
frequency at the scheduled value. The supplementary  (ACE) is used.

control should ideally correct only for changes in that
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-
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Figure 5: Model of two areas loads frequency control with area control error
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Figure 6: Change in frequency of area one with ACE
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Figure 9: Tie line of two areas with ACE

As seen from the figures the secondary loop
causes the return of frequency drifts to zero.

From the above simulation plots, it can be
observed that the system experiences frequency drift
following a load disturbance and it is mainly due to the
mismatch between the electrical load and the
mechanical input to the turbine. The system oscillation is

© 2022 Global Journals

serious in single area system compared to two area
system because all the load change in load is to be met
by only one area. Also, using the second loop in both
the single area as well as the two area system the
change in frequency is brought to zero.



c) Two Areas Load Frequency Control with Generation Rate Constraint
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Figure 10: Models of two areas with generation rate constraint
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Figure 11: Change in frequency of area one with ACE and GRC
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Figure 13: Change in mechanical power of area two with ACE and GRC
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Figure 14: Change in tie-line power of two areas with ACE and GRC
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Figure 15: Comparisons between Dw1 with and without ACE & GRC
Table 1: Represent summary of figure 15
Peak over shoot S.S.Freq. Settling time
First order -0.01296 -0.00502 25.20624
Without ACE -0.012749 0.0 20.1273
With ACE -0.016157 0.0 26.7712
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Figure 16: Comparisons between Dw2 with and without ACE & GRC

Table 2: Represent summary of figure 16

Peak over shoot S.S.Freq. Settling time
Without ACE -0.004991 -0.004991 29.037
With ACE -0.003028 0.0 32.635
With GRC -0.00664 0.0 35.235
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Figure 17: Comparisons between Pm2 with and without ACE & GRC

Table 3: Represent summary of figure 17

[\
[}
&
5 Peak over shoot S.S.Freq. Settling time
>: Without ACE 0.07996 0.07996 25.206
; With ACE 0.04721 0.0 32.452
f With GRC 0.06333 0.0 45.553
~
>
§ -5 0 5 1015 2025 30 35 40 45 50 55 60 65
= 0.01
- o -0 —
- % -0.01
£ -0.02
g -0.03
Ed & -0.04
B 5 -0.05 —P12Without ACE
x -0.06 | —P12 with ACE
E g 007 —P12 with ACE and GRC
C -0.08 -
& -0.09 L
g Figure 18: Comparisons between P12 with and without ACE
e? Table 4: Represent summary of figure 18
o Peak over shoot S.S.Freq. Settling time
Without ACE -0.0844 -0.0844 21.245
With ACE -0.0327 0.0 29.896
With GRC -0.0546 0.0 48.220

Automatic Generation Control was implemented
in the system under study in a deregulated environment.
The effect of GRC is clearly distinct with large
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oscillations the system overshoots increase and more
settling time.



The main reason to consider GRC is that the
rapid power increase would draw out excessive steam
from the boiler system to cause steam condensation
due to adiabatic expansion. Since the temperature and
pressure in the HP turbine are normally very high with
some margin, it is expected that the steam
condensation would not occur with about 20% steam
flow change unless the boiler steam pressure itself does
not drop below a certain level. Thus it is possible to
increase generation power up to about 1.2 pu of normal
power during the first tens of seconds. After the
generation power has reached this marginal upper
bound, the power increase of the turbine should be
restricted by the GRC. GRC affecting large turbo
generator is generally bounded by 0.1/min. As the
constraint of the generator and that of control effort
calculated in LFC are in direct proportions, GRC will be
transformed into system control constraints.

V1. CONCLUSION

A simulation study of two area systems with
automatic generation control is carried out with models
developed in SIMULINK. The simulation of these
systems has been carried out and results analyzed. The
operation of two area systems with and without
automatic voltage regulator are very well depicted
through simulation models. The advantage of
interconnection is best understood by comparing the
results of two area systems. It can be seen that the
oscillations due to the change in load in any area are
damped down quickly because of tie-line power flow. It
can also be observed that the dynamic response is
mainly governed by the secondary loop and hence
design criteria of which is extremely vital for efficient
implementation.

The frequency of the system is dependent on
real power output and is taken care of by ALFC. The
terminal voltage of the system is dependent on the
reactive power of the system and is taken care of by the
AVR loop. The cross-coupling effects between the two
loops are studied which is associated with low-
frequency oscillations. It is clear from the results that the
AVR loop is able to maintain the voltage and frequency
deviations in the specified limits and the power system
thus becomes more robust. The dynamic responses are
further improved in terms of peak deviations and settling
time.
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APPENDIX

Table 5: Parameter of AGC model

Quantity Area-l Area|
Governor Speed regulation R1=0.051 R2=0.062
Frequency bias factors D1=0.62 D2=0.91
Base power 1000MVA 1000MVA
Governor time constant tg1=0.2 sec tg2=0.3 sec
Turbine time constant tT1=0.5 sec tT2=0.6 sec
Constant K=1/2n K=1/2n
Inertia constant H1=5 H2=4
Nominal frequency F1=50Hz F2=50Hz
Load change APL1=180MW APL2=0MW
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Integration of the Internet of Things in Service
Management: Designing a Monitoring Device for
the Elderly

Flavio Fraga Vilela %, Gabriel de Aimeida Rebello Toledo ° & Rebeca Faria Tomaz *

Abstract- Controlling and monitoring the elderly is an arduous
and imperative task with regard to their physical safety. To
assist in this aforementioned control, the main objective of this
project is to present a real prototype for monitoring the elderly.
Therefore, this prototype can become a support tool for
managers of nursing homes, hospitals, etc., as it enables a
more precise control of these elderly people. The case study
method was applied in this research through a qualitative
exploratory approach. It was concluded that the prototype
presented has great potential to assist the administration of
care services for the elderly, whose importance is even greater
in the current context of a growing number of elderly people in
the brazilian population. Finally, it is expected that the real
prototype, when in the future it is transformed into a
technological product on the market, will be a plausible way to
carry out the control of the elderly in an agile way. An increase
in the physical safety of the elderly is also expected, as this
device can contribute to a reduction in incidents of falls.
Keywords: service management; elderly; internet of
things; real prototype; monitoring device.

[. INTRODUCTION

it, as it is imperative that operations have to

constantly work with a high level of efficiency
(SLACK et al., 2002). It is important to highlight that the
advent of Industry 4.0 brought six innovative pillars:
manufacturing process technology, materials, data,
predictive engineering, sustainability and resource
sharing (KUSIAK, 2017). This last pillar must make an
interface with the Internet of Things (loT), which has the
function of performing an agile intercommunication
between several electronic devices, as well as between
these and their users, through sensors and wireless
connections (ASHTON, 2009). This aforementioned
contextualization converges to a probable interface
between service management and the aforementioned
loT. More specifically, in this article, service
management will be more related to elderly care
operations and the Industry 4.0 pillar that will be
explored (resource sharing) concerns the intrinsic
applications of the I0T. In view of the above, this article
aims to present a real prototype that will have the

Service management needs robust tools to support
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purpose of real-time monitoring of the elderly who need
more intense supervision. This prototype will be
operated by an ESP8266EX microcontroller, coupled to
an ultrasonic sensor, which installed in the doors or
beds of elderly rooms will send a notification to an
application installed on the nurse, caregiver or family
member responsible for supervising the dependent
elderly. This notification will have the information of
which room or bed the assistance worker should go to
to contain the elderly and prevent a probable accident,
such as a fall, for example, which can bring severe
consequences (KONRAD et al., 1999).

[I. LITERATURE REVIEW

a) Aging of the Brazilian Population

In recent decades, the aging of the world
population has been marked by an increase in life
expectancy and a reduction in birth and mortality rates
in most countries. Thus, it was found an increase in the
number of elderly people over 80 years old. Therefore,
Brazil surpassed the mark of 30 million elderly people
and reached 14% of the total population, with people
aged 80 years or more (CECCON et al., 2021). In this
advanced stage of age, the elderly is vulnerable from a
social and physical and mental health point of view, with
loss of autonomy and increased dependence being
common (FREEDMAN & NICOLLE, 2020). It is also
important to emphasize that there is a small portion of
elderly people over 80 years old without their own
income and who are unable to meet their basic needs,
in addition to experiencing the serious health problems
and physical and mental dependencies mentioned
previously (MINAYO, 2012).

b) Causes and Consequences of Elderly Falls
According to the authors Coelho Fabricio et al.
(2004), people of all ages are at risk of falling. However,
for the elderly, they have a very relevant meaning, as
they can lead to disability, injury and death. Studies
carried out in the USA show that 30% of people over the
age of 65 fall at least once a year, and 40% of them are
over 80 years old. Furthermore, these studies show that
50% of elderly people who live in nursing homes or
nursing homes have already suffered a fall (KANNUS et
al., 1999). Statistical information indicates that fractures
resulting from falls are responsible for approximately
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70% of accidental deaths in people over 75 years, with
the elderly having ten times more hospitalizations and
eight times more deaths resulting from these falls
(KONRAD et al., 1999).

c) Internet of Things

The term Internet of Things (IOT) was first
introduced by Kevin Ashton in 1999 in the context of
managing a supply chain (ASHTON, 2009). However, in
the last decade, the definition has become more
general, covering different application possibilities such
as health, public services, security, etc. (SUNDMAEKER,
2010). Although the primary definition of “Things” has
gained other semantics with the evolution of technology,
the main objective of making a computer detect
information without the aid of human intervention
remains unchanged. In this context, an exponential
evolution of the ‘“Internet” into an interconnected
network that collects information from the environment,
interacts with the physical world (action, command,
control) and uses existing standards to provide
analytics, applications and communications services
was observed. Using information from devices enabled
by open wireless technology (Bluetooth, Wi-Fi) as well
as embedded sensors, the Internet of Things has
emerged from an incipient initial stage and is on the
verge of transforming the current static internet into a
fully integrated and future internet of the future.
accessible (BUCKLEY, 2006).

[1I. RESEARCH METHODOLOGY

This article has an applied nature, as its results
have as its main function to solve some of the problems
in the real world (TURRIONI and MELLO, 2012). In the
context of this research, the problem is about the

efficient real-time monitoring of elderly people. The
applied nature seeks to generate essential knowledge
and information to solve the problem of a real system
that has, in this way, local truths and interests (GIL,
2002). Analyzing the historical data in the previously
presented section “Aging of the Brazilian population” it
is evident that the interests are also at the national level.
As for the objectives, it can be said that the research is
classified as exploratory, as it aims at discovering,
finding, elucidating phenomena or explaining those that
were not accepted despite being evident. Due to this
exploratory character, a new product (electronic
prototype) was conceived by creative impulse at the
time the researchers were in field research. Finally,
regarding the approach to the problem, the research is
classified as qualitative, because in a real system
analyzed, the case study method was applied.

IV. METHOD DEVELOPMENT AND
APPLICATION

a) Application Context

The purpose of this real prototype is to present
healthcare service managers with a device for
monitoring elderly patients, whether in a hospital,
residential or nursing home environment. The device
has the function of notifying, through cell phone
message, the nurse, caregiver or family member when
the patient leaves their room or confinement area
without proper monitoring. As shown Figure 1, the
device can be installed, for example, close to an elderly
person's bedroom door, either at home or in a hospital
environment.

Source: The authors

Figure 1. Elderly monitoring overview

As soon as the latter leaves this room, the
ultrasonic  sensor recognizes the obstacle and
immediately informs the person responsible, through cell
phone message, about the undue movement of the
monitored person. Also in this Figure 1, there is the
following correspondence of the "letters": A — Elderly, B —
Ultrasonic sensor, C — ESP8266, D — Application running
on a smart phone, E — Nurse or family member.

© 2022 Global Journals

b) Technical Detail

The system is made up of hardware and
software, with the ESP8266 being the main component
of the hardware set. From software perspective, the
system was developed in HTML5 and CSS, as this way
an easy-to-understand “front-end” interface was created
and executed. Therefore, the end user (caregiver) will
receive the evasion message from the elderly person on



their mobile device in an agile and reliable way. After the
development of the virtual prototype and programming
of the elderly monitoring device, it was possible to carry
out the physical assembly of the project. The following is
presented (Figure 2) how the real prototype looked,
relative to its physical appearance. It is important to
mention that the protection “case” was specifically
designed in Autocad® to be used in this project.

Source: The authors
Figure 2: Real prototype for monitoring the elderly
The ESP8266 Module (Figure 3) is an open

source prototyping platform designed with a dynamic
and intuitive interface. This module, has a small size,

and its cost is reasonably small compared to others,
which have the capability of WiFi connectivity, in which it
has an 802.11 b/g/n/e/i communication protocol, which
allows a signal range up to 120 meters in an open place
(SKRABA et al., 2016).

Source: The authors

Figure 3: Photo of the "protagonist" of the proposed
device

c) Materials and Costs

Table 1 lists all components and their amounts
that were used in the aforementioned device. The
average price of each component is also shown in this
table and it is evident that the costs are low at the
expense of the device's application potential.

Table 1: Average price of materials used to assemble the elderly monitoring device

Component Quantity Average price ($)

ESP8266 1 7
LM2596 voltage regulator 1 35
Ultrasonic sensor 1 4

Seesaw key 1 3.5

DC power conector P4 1 0.5

9v source 1 35
Protection box (case) 1 3
Total 25

Source: The authors
V. CONCLUSION

The increase in life expectancy of the brazilian
population, consequently, implies a growing number of
elderly people in the country. This fact determines the
emergence of new welfare demands that must be
properly supplied and satisfied. Technologies that
supplement stewardship and security actions within this
context will have significant value to senior care
administrators. For this reason, the actual prototype
presented emerges as a relevant loT technology. In
relation to the present article conceived, it can be said
that the proposed objective was satisfactorily achieved,
as the real prototype for monitoring the elderly was
presented in detail. In addition, it is essential to
emphasize again the importance of the proposed loT
technology, as it quickly warns employees of nursing
homes, hospitals, etc. that monitored elderly people are

"leaving" their rooms without due care, enabling actions
that prevent possible accidents, can be taken.
Therefore, this technology enables greater control,
monitoring and care for the elderly. Finally, this present
work showed all the components used and their
respective costs, making it clear that the low cost
required for assembling the device will imply a market
technological solution accessible to service managers,
as soon as it is opportunely launched.
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Dielectric Loaded Directive Monopole Antenna

Aladdin Assisi

Absiract- In this paper a new idea is proposed to convert an
omnidirectional monopole antenna into a directive antenna.
The idea consists in loading the antenna by a block of
dielectric material that redirects the wave radiation in its
direction. Different design cases have been numerically
studied, simulated and optimized by CST Microwave Studio. In
each case the same idea has been confirmed.

[. INTRODUCTION

monopole antenna is one half of a dipole
Aantenna, mounted above a ground plane

[33]. Applying the image theory, the electric and
magnetic fields of a quarter wave monopole are those of
a half wave dipole with one arm of the dipole replaced
by the ground plane image. A quarter wave monopole
antenna has a toroidal radiation pattern similar to its
corresponding half wave dipole, with the exception that
the peak direction is elevated from the horizontal plane
by an angle that increases with the increase of the
ground plane area (Figure 1).

In this paper, we propose a simple technique to
convert a monopole antenna into a directive antenna by
adding a simple dielectric material block in a certain
direction with respect to the monoopole. Further studies
will be required to evaluate the effects of different design
parameters, such as the dielectric block dimensions, its
separation from the monopole and its material on the
antenna performance.

A directive monopole antenna can be used in
ISM frequency bands for point-to-point communication
without need to complex frequency hopping techniques
that are currently used to minimize interference. The
same dielecetric loading technique can be used to
develop UWB directive monopole antennas for UWB
radar and similar applications. Moreover, a directive
monopole can represent a good array elemnt due to its
simplicity of design and feeding.

[I. PreEvious RESEARCH WORK

Different references discussed dielectric loading
effects on antenna performanc. Dielectric loading
decreases the required antenna size for a given
resonance frequency and in general increases the
antenna bandwidth. It modifies the radiation pattern and
increases antenna gain. S. Lotfollah discussed different
effects of dielectric loading of antennas and different
applications of dielectric loading structures to enhance
antenna gain, size, matching and other performance
parameters [32]. Heijun Jeong et al used a metamaterial

Author: e-mail: aladdinassisi@gmail.com

absorber to control the radiation pattern of a monopole
antenna by increasing its gain and reducing its back
lobe [26]. A. MOUSAVI discussed in detail different
aspects of flat dielectric radome design and its effects
on the radiation pattern in his Msc. Thesis [31]. Several
researchers discussed the use of superstrate layers to
increase the BW and gain of microstrip patch antennas,
such as K. Joshi [27], M. Elhefnawy [29], V. Saidulu
[28], Kumar [30]. Ichirou Ida et al studied the efficiency-
bandwidth product (EB) for small dielectric loaded
antennas (DLAs) and its variation with dielectric constant
[21]. T. Fortaki et al applied a rigorous full-wave
mathematical analysis to investigate the effect of
dielectric superstrate on resonance frequency and
radiation pattern of rectangular microstrip patch
antennas [23]. They proved that the resonance
frequency decreases with the dielectric constant
increase. O. Manoochehri et al designed an array of
dielectric loaded helical monopoles and showed that by
adding dielectric resonators, important parameters such
as gain, side lobe level, impedance matching and axial
ratio bandwidth have been improved simultaneously
[16]. Detailed mathematical and experimental analyses
for the refraction processes of electromagnetic waves in
dielectric materials are done in the interesting chapter of
“Dielectric Lens Antennas” by Carlos A. Fernandes et al,
where the reader can understand why and how a
dielectric body can change the direction of antenna
radiation and affect its radiation pattern [24]. They
differentiate between quasi-optical lenses with multi-
wavelength dimensions and integrated lens antennas
(ILA) with dimensions comparable to wavelength, which
is our case, where FDTD analysis techniques are
applicable. Design procedures and equations for
different dielectric lenses are described in this reference.
A research group applied those principles, designed an
integrated lens patch antenna and studied the effect of
different dielectric materials and lens dimensions on the
radiation pattern [25].

. Zivkovic loaded a monopole antenna
uniformly from all directions by a cylindrical dielectric
resonator to control its frequency response without
affecting its omnidirectional radiation pattern [17].
Hongge Men et al did a similar frequency band control
using a hemi-spherical dielectric resonator [18], while Al
A. Al-Azza et al extended the idea by using three
dielectric  resonators  with  different  resonance
frequencies [19]. Song et al proposed the use of liquid
dielectrics to control the monopole antenna frequency
response in a wide temperature range [20], while
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Elizaveta Motovilova and Shao Ying Huang discussed in  omnidirectional monopole antenna into a directive
detail the performance of liquid monopole antennas. antenna by dielectric loading. Therefore, the idea of this
Heijun Jeong et al used a Metamaterial absorber to  paper can be considered, so far, a new idea.

control the radiation pattern of a monopole antenna by

increasing its gain and reducing its back lobe [26]. 1. DIELECTRIC LOADING OF A UHF WIRE

Hachi et al designed an UWB directional MONOPOLE ANTENNA

monopole antenna without dielectric loading. They
implemented the UWB monopole on a flexible substrate
and bent it on a cylindrical surface to get the directivity
and enhance the radiation pattern [3].

None of the above mentioned and other

available  references

The following figure shows the performance of a
UHF monopole antenna resonating at 867 MHz. It can
be clearly seen the symmetry of the electric flux lines
and the radiation pattern around the monopole.

discussed converting an
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Figure 1. A UHF Monopole antenna and its pertformance

a. antenna design. b. S11 c. Electric Field flux d. Radiation pattern

Let us put a block of dielectric material beside
the monopole antenna and study its effect on the

radiation pattern.
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Figure 2: The same UHF Monopole antenna with dielectric loading and its pertformance

Comparing figures 1 and 2 we can recognize

the following:

1.

The monopole length required to resonate at 865
Mhz decreased due to the dieletric loading from
93mm to 71 mm.

The Q factor of the unloaded monopole antenna
was 870/(935.5-813.7) = 7.158, while the Q of the
loaded antenna is 866.73/(905.18-828.7) = 11.333.
The electric flux lines have been concentrated in the
dielectric material instead of being uniformly
distributed in all direction in the first case.

The monopole antenna radition pattern has been
concentrated in the direction of the dielectric block
to give a dirtective monopole antenna, instead of
the symmetric toroidal pattern of the unloaded
monopole antenna.

The antenna gain increased from 1.104 dB to 2.765
dB.

6.

7.

10.

The radiation efficiency of the unloaded monopole
antenna was 107000%%/10 — 99 78%,

The radiation efficiency of the loaded monopole
antenna became 10%'%'"° = 96.6%.

The total efficiency of the unloaded monopole
antenna was 100910 = 99 166%.

The total efficiency of the loaded monopole antenna
became 1017891 = 95.964%.

The dielectric loading caused a minor decrease in
the antenna efficiency.

The differences between the omnidirectional

monopole antenna and the dielectric loaded directive
monopole antenna can be summarized in the following
table.
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DIELECTRIC LOADED DIRECTIVE MONOPOLE ANTENNA

Table 1
Omnidirectional Directive
Performance .
Units monopole monopole Notes
parameters
antenna antenna
Resonator length mm 93 71 Shorter resonator
Q - 7.158 11.333 Higher quality
Gain dB 1.104 2.765 Gigher gain

Radiation efficiency % 99.78 96.6 Minor decrease Due
Total efficiency % 99.166 95.964 to dielectric loading

IV. DIELECTRIC LOADING OF A UHF PRINTED
MONOPOLE ANTENNA

insight in the performance of directive printed monopole
antennas, another UHF model has been simulated on

the popular 1.6mm thick FR4 substrate.

To demonstrate the applicability of the same
idea on printed monopole antennas and to get more

© 2022 Global Journals
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Figure 4: The same UHF Printed Monopole Antenna with dielectric loading

Comparing figures 3 and 4 we can build the following table.

Table 2
Omnidirectional Directive
Performance .
Units monopole monopole Notes
parameters

antenna antenna

Resonator length mm 93 76 Shorter resonator
Q - 8.665 9.329 Higher quality
Gain dB 1.876 3.184 Gigher gain
Radiation efficiency % 96.048 93.467 Minor decrease Due to

Total efficiency % 96.017 92.664 dielectric loading

V. PUTTING THE DIELECTRIC BLOCK IN THE

OpPPOSITE DIRECTION

If we put the dielectric block in the oppsite
direction, logically the beam will be steered by 180

degrees as shown in the following figure.
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Figure 5: Dielectric in the oppsite direction

VI. DIELECTRIC LOADING OF A 2.4 GHZ
PRINTED MONOPOLE ANTENNA

The 2.4 GHz ISM band is one of the most
utilized and crowded frequency bands; due to the
existance of many commercial communication and
control systems, such as cordless telephone, baby
monitors, WiFi standards 802.11b, 802.11g and
802.11n, ZigBee/IEEE 802.15.4-based wireless data
networks, Bluetooth, Bluetooth LE, wireless
microphones, headphones and speakers and others.
Due to this over utilization of this frequency band,
interference probabilities are very high. This causes the
system designers to apply complex frequency hopping,
data encription, error detection and correction
techniques. Moreover, device pairing in Bluetooth
systems requires complex protocols that need long
times to secure pairing and avoid interference.

If we ensure a directive path between the
transmitter and the receiver, interference probabilities
will decrease and Bluetooth pairing processes can be
simpler and more secure. In most cases, frequency
hopping will be less mandatory.

The following figure shows the performance of a
2.4 GHz printed monopole antenna covering the
frequency band 2.4 to 2.5 GHz. It can be clearly seen
the symmetry of the electric flux lines and the radiation
pattern around the monopole.
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Figure 7: The same 2.4 GHz Printed Monopole Antenna with dielectric loading

Comparing figures 6 and 7 we can build the
following table.

From this table we can conclude that the
dielectric loading needs a shorter resonator, increases

the BW and the efficiency. The directive gain reaches
more than 4.5 dB.

Table 3
Omnidirectional Directive
Performance .
Units monopole monopole Notes
parameters
antenna antenna
Resonator length mm 22.7 20.2 Shorter resonator
Q - 6.8625 3.274 Wider BW
Gain dB 1.73 4.55 Much Gigher gain
Radiation efficiency % 90 90.469 Hioher efficien
Total efficiency % 89.47 90.46 g y

VII. DIELECTRIC MATERIALS TO BE USED

In the above models, a dielectric material with &

= 3.1 and tan(®) = 0.007 was assumed. These are
typical electrical parameters of composite materials
used in 3D printers, such as PLA, ABS and PET [4, 5
and 6]. Such materials are easily found in the market at
economical costs. In this section we shall breifly study
the electrical parameters of common dielectric materials
used in 3D printers.

© 2022 Global Journals

Vesely et al measured the relative permittivity of
dielectrics by measuring the capacitance of a circular
parallel plate condenser with diameter d and thickness
w of the material under test [4] and applying the simple
formula:

C-w
& =———5—
d2
g (T )
Unfortunately, different measuring methods

gave different results for the same materials, even by the
same reasurcher. Naturally, other references gave



different results. Such as those of Boussatour et al [6].
However, the range of variation of dielectric constants of
those materials is between 2 and 3.5, and the
dissipation factor ranges between 0.001 and 0.022.

VIII. CONCLUSION

e Quarter wave monopole is an omnidirectional
antenna with omnidirectional radiation pattern. It can
be changed into a directive antenna by dielectric
loading.

e The dielectric material block concentrates the
electric field of the antenna and reradiates the
waves in its direction increasing the antenna gain.
The effects of dielectric loading increase with its
relative permittivity [15].

e The dielectric loading shortens the required
monopole length and enhances some of its
performance parameters.

e The dielectric block can be made of commercially
available materials such as those used in 3D
printers, whoes dielectric constants range between
2 and 3.5. The exact dielectric constants of those
materials are still subject to trials for accurate
measurement.

e Three cases have been studied in this paper; an
UHF wire monopole, an UHF printed monopole and
a 2.4 GHz printed monopole. Further studies are still
required to evaluate and optimize UWB directive
monopole antennas and directive monopole arrays.

e Further investigations should be done to determine
the minimum required dimensions of the dielectric
block to give a certain radiation pattern in every
frequency band.

e Further research work should be done to study the
design of directive UWB monopole antennas and
antenna arrays with directive monopole elements.
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An In-depth Examination of Diverse Industrial
Loads and their Impact on a Solar-based
Microgrid

Niloy Sarker *, Md Kabiruzzaman ° & Md Kabiruzzaman °

Abstract- Micro grids are expanding and mechanical increases
are being introduced, costs decreased, participation seen and
advantages recognized in industry sectors, banks and pilot
exhibition venues. They are employed to enhance the stability
and power of intensity frames, and to cope with increasing
renewable, transmitted utilities like the age of wind and
sunlight, in places that lack an electrical grid, to mitigate
petroleum emissions or electricity. In todays world solar is an
important source of renewable energy. In industrial revolution
all the countries try to use their existing resource as much
efficiently .this paper about the efficient use of solar as a
renewable energy and how industrial load behave against the
system that proposed. As try to implement maximum power
from the photo voltaic cell here use perturb and observe
method for constant output.

Keywords. microgrid, industrial load, ANN.

[. INTRODUCTION

his due to greenhouse gas pollution and the
scarcity of infrastructure, energy related problems

were an issue. While the use of non-renewable
electricity is environmental, the use of grids still has its
own drawbacks, given that these power grids are both
important and  time-consuming. The worldwide
alternative solution is generally agreed to use solar
energy from the smaller, stand alone version of electrical
systems known as Micro grid Systems (MG). Micro grids
may be preconstructed and set up immediately in
communities with a lower environmental impact.
Recently the high energy demand, increase in natural
strategy, and worldwide dispersion have drawn
significant interest from other energy sources.
Environmental shifts are responsible for significant
variations in  electricity generation and demand
configuration. The objective was set by various nations
to reduce greenhouse gas by 2025. Natural problems
led to more sound energy sources, such as PV systems,
wind turbines and fuel cells. Certain energy sources,
such as changes in sunlight and temperature radiation
in photovoltaic systems, depend directly on the
environment. The supplied electricity from these sources
fluctuates, reversing the main grid. A sharper and
sharper frame like a microgrid is the best way to defend
this challenge. When power supply outlets are available
for local loads, a microgrid operates in island mode. If

Author a o p: e-mail: engrniloysarker@gmail.com

there is not a main grid supply, a microgrid can also act
as a backup power. A standard link point is used to
define the relationship between the microgrid and the
grid. PV and fuel cells also produce DC, while the
infrastructure of the exciting power generation system
depends.

Identify applicable funding agency here. If none,
delete this. On alternative Current (AC). When these
renewable energy systems have been incorporated into
the existing configuration, voltage must be converted by
using AC converters that require further transition steps
leading to an increased loss of power, which will reduce
the framework’s overall ability. In actual fact, several DC
loads such as PCs, servers, cell phones, TVs etc. have
to be transferred to DC in order to bear additional
losses.

In conventional dc micro grid system there
generate electricity by pv fed system and distribute the
power in their connected load. In this concept
generation is not depends on connected load. When a
system various the load the system will change the
output of generation power.

Traditionally all the concern about control the
micro grid system and its function. From that it has been
seen that some stabilized system comes.but its now a
concern factor how a stable algorithm work against
some variation of heavy load in dc connected system.

The Contribution of that paper is introducing a
solar model for stabilizing a standalone dc microgrid
against various single load. Where grid is connected
with some loads and see the performance is stable or
not .besides it also done the issue if any fault happened
in the grid connection.

This section shows a standalone DC solar pv
microgrid system. A PV system with gradual
conductance of MPPT, a DC-DC boost converter, a
bidirectional DC-DC converter and controller and a
battery bench are included. The proposed system The
proposed converter decreases part failure and
increases overall system performance. The whole
scheme is shown in a simple diagram and built and
implemented in Matlab/Simulink.
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[I. SOLAR PV TECHNOLOGY

Solar cells, also called photovoltaic cells, are a
renewable energy technology which turns sunlight into
power directly. A semi-directed material with at least a
positive and a negative layer (mostly silicone) is
developed to absorb the light photons. Electrical current
can be produced by sending electrons from the
negative layer to the positive layer. A PV cell generating
approximately 1 to 2 watts of power is typically small.
They are attached to large units named modules or
panels in series or parallel to optimize the energy output
of photovoltaic cells. A range of 60, 72 or 96 cell PV
units is available in PV modules are: multi
crystalline/monocrystalline, thin film, organic PV, and
photovoltaic. A dilated solar cell is generated by placing
thin layers on a substrate like glass, plastics or CdTe
metal or copper indium gallium selenide (CIGS). The
silicone crystalline cells consist of silicone atoms bound
to them, and form a crystal lattice. This organized grid
makes it possible to turn light into electricity more
efficiently. An organic solar cell or plastic solar cell is a
form of pv composed of carbon rich polymers with
organs to absorb light and transport energy from
sunlight. Crystalline technologies that cost less for a
long life, while the thin film does not have shadow
sensitivity, give the most conversion effectiveness).
Polymer solar cells can produce electricity with reduced
quality,  technically  disposable and affordable
production, which is molecularly adjustable, or possibly
less detrimental to the environment in contrast with
crystalline silicone and film. The method of silicone
purity makes multi crystalline PV panels less efficient
than monocrystalline PV panels: "The more silicone
molecules align, the more energy is transformed by the
solar cells”. Sunlight was converted to dc energy by
solar cells. Sun power is produced by the solar
photovoltaic cell. The solar or photons become electric
power as panels of photovoltaic systems become
apparent at dawn. The PV array is a parallel and
sequential mixture of photovoltaic cells. The sun/solar
energy can quickly be increased by this cluster as the
temperature variations shift. PV systems are composite
with a DC-DC panel MPPT algorithm that increases PV
voltage to rated voltage and, finally, links the inverters to
charges.

a) Pv Modeling

To generate energy from solar, the PV arrays
use a series of P-N junction diodes. To depict a solar
cell, a single diode circuit model with a PV and a diode
with series-parallel resistance is the simplest and most
widely used. In order to distinguish the I-V and P-V
characteristic curves, a diode is used. Poor design or
manufacturing flaws might result in a diode with a lower
P-V or |-V output. To create current, a shunt diode
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resistance is linked in series with a diode. The PV
module's output current is shown.

Ipy = Npclpc - Npclrsc

[ (i) (i + e )]

Srr

Ipc = (Iscc + ktc‘(Ts - Tref)) X 1000’

T qE 1 1
Irse = Iy (—f) exp (( ) X (w - F))
(1

Table 1 shows the notations and calculated
parameters of the PV system. Therefore, these values
are calculated by utilizing real-world criteria so that the
researched photovoltaic system may function in a
realistic setting.

Table 1. Model parameter for PV module

Description Symbol Value
Npc Number of 10
parallel cells
Nsc Number of 40
series cells
lpc Photocurrent —
Reverse saturation
Irsc —
current
q Charge ofan |4 655 5 10-19¢C
electron
|deality
Fe constant 15
K Boltzman 1.38 x 10—23K
constant
Ts Surface 350 K
temperature
Series resistance
Rseries of —
PV cells
Parallel
Rparallel resistance of PV —
cells
Short-circuit
Isco (SC) current 3.27A
Temperature coeff
Ktc of SC 1.7¢73
current
Tref Reference 301.18K
temperature
Srr Solar radiation 0
range
Tref Reverse saturation 5 07936-6A
re current at Tref ’ €




[11. CONCEPT OF MICROGRID

A small grid system can run free of charge or
with the country’s main power grid. The microgrid is a
small enclosed plant with energy, power supply and
loads and measurable minimum limits. It is an important
step for microgrid desirability to ensure that advanced
renewables often work more directly at their source
rather than connected to the main electricity grid. The
ideal example is a PV unit.

Today, more houses and buildings are linked to
solar power grid frames in the tiny community which can
only serve one property. Moreover, as solar engineering
decreases in cost and becomes more viable, a few
characteristics can actually be advantaged through a
smaller scale economy: simple solar cells in usable
areas can
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Fig. 1: Schematic of a conventional microgrid system

take free, ordinary sunshine and change it to electric
power to operate particular machinery or warming and
cooling frameworks. A small grid which successfully
manages the electricity exchange between connected
charges and remote generation sources such as
photovoltaic systems is called a microgrid. Micro grids
can be provided as backup power supply or service to
the main grid in mid-20 cycles of significant demand. As
a way of consolidating sustainability, microgrids often
provide multiple energy sources. Different objectives
include reducing costs and improving reliability. Two
essential forms are the DC microgrid and the AC
microgrid.

a) DC Micrgrid

A local power grid is a microgrid that provides a
small community with a central generator with power.
The company will provide power from renewable
sources including solar, wind and hydro. A microgrid
may be connected to a conventional grid or operate
independently in a so-called isolated mode. Different
configurations are available based on the power used
(AC or DC voltage). The DC-microgrid provides many
advantages over traditional AC grids, including lower
conversion losses, cheaper electronics, better power

performance and reliability. Several modules, including
inverters, battery storage and converters, are used to
connect the microgrids to renewable energy sources.
After local usage excess power can be sold on the grid.
The efficiency of a PV system can be increased by
combining buildings with different load profiles.
Furthermore, solar cells in different solar angles can be
changed by the PV generation.

[V. MPPT

A few solutions were proposed for dealing with
the issue of poor output of the PV system, including a
second recommendation on high power point
monitoring (MPPT). The two MPPT techniques are
designed to maximize PV output by controlling the
optimum power working conditions. Various methods
have been developed, such as Perturb and Observe
(PO), gradual conduct (IC), liquid logic, etc. The most
popular formulas are the PO and IC algorithms. The
PofO algorithm, however, varies from the maximal power
point (MPP) and thus deteriorates considerably in its
efficient execution.
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Fig. 2: (a) |-V, and (b) P-V characteristics curve for
different temperature level and (c) |-V, and (d) P-V
characteristics curve for different irradiance[6]

Table 2: Qualitative comparison between the ANN, IC
and PO based MPPT

Reason P&O IC ANN
Convergence Speed | Average Low High
Support Scalability No No Yes
Oscnla:AoFr:Paround Yes Ves No
Reliability under
partial shedding Low Medium | High
conditions
Algorithm Medium | Medium | Low
complexity
Drifting problem Yes No No

a) Perturb and Observe Method

This technique is one of the easiest online
approaches found by many researchers. PO may be
performed using reference voltage disturbances or the
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current reference solar panel signal. MPPT is widely
used for the P and O solution. It uses a panel voltage V
and the panel current | as the output value for the
desired a micro processors as input values. The PWM
Input Vector d in dc-to-dc conversion can also be
directly monitored with the microprocessor. This
eliminates the feedback loop for additional voltage
control. Any MPPT loop with a microprocessor algorithm
disturbs the working voltage V. V bounces around the
optimum Vmp voltage as the MPP is reached. This
causes a lack of control according to the phase gap of a
single disruption. If the step width is high, the MPPT

algorithm quickly responds to sudden changes in
operating conditions by compensating increased loads
under constant or constantly shifting conditions. If the
phase width is very small, losses can be reduced in the
course of a steady or gradual transition, but only very
slowly can the system react to abrupt changes in
temperature. The procedure is measured experimentally
and depending on the value of the optimized stage
width. If the system swings around the MPP, it can be
found that an ongoing disturbance in one direction
leads to a distance from the actual MPP. This procedure
goes on until sunrise rises or ends.
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Fig. 3: Flow chart perturb and observe method

b) Artificial Neural Network Method

In technology, an artificial neural network is a
model that simulates the biological neural network For
instance, one neuron evaluates inputs linearly before
using a nonlinear activation function (AF) to add them
up and sending the findings to the next neuron. Basic to
the ANN is a directed graph where the nodes and edges
are the neurons and synapses respectively. Feed-
forward neural network (FNN) and recurrent neural
network (RNN) are the two primary types of ANN
structure based on how the neurons are linked to each
other (RNN).

Over the past few years, Atrtificial Neural
Networks (ANNs) have made great strides, both
theoretically and practically. Input, hidden and output
layers make up a typical ANN, It's possible to use PV
array characteristics such as PV voltage and current or
environmental data like as irradiance and temperature
for MPPT. A duty cycle signal, for example, is utilized to
drive the electronic converter to run at or near the MPP.
A model-based simulation is used to generate the input
and output data. ANN was utilized in several research to
approximate nonlinear functions.
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V. CONVERTER

The bi-directional buck boost transformer is in
phase-up mode with a greater RMS value than the bi
directional buck booster, the actual value of the inducer,
and control switches. Furthermore, 1/3 of the
performance present in the former example is indeed
excellent for the RMS condenser. Hence, in the
bidirectional buck boost converter, the voltage changes,
inductor and condenser run at more thermal or electrical
stresses compared to the buck boost converter,
resulting in increased power loss and core saturation.
The buck boost converter needs more powerful control
devices that achieve higher voltage on the MOSFET and
the diode. Higher RMS-current results in higher driving
losses and thus poorer average efficiency of
bidirectional converters. The number of buck boost

iy

converters used in the bidirectional buck boost
converter, though, is twice as many. This problem is
addressed by the Half Bridge DC-DC bidirectional
converter. It does not have the same equipment as the
bidirectional buck boost converter. Instead of the two-
way buck boost transversal, it can also be applied for
applications that need boost only in 1 direction and the
buck in the other direction. In comparison to the
bidirectional and buck the main benefits are that one
and no more than two inductors are available.
Furthermore, half the value of the latter and the power
switches needed to transform a bidirectional half-bridge
is much smaller than the cuk. In addition, the output of a
half-bridge converter is higher than the cucumber due to
the reduced inductor current and thus the lower
conduction and lower switching losses.

oc Cl

_L .\

c2
L1
Load

Fig. 5: Buck boost Converter

In Figure 5 a buck boost converter designed for
the system. In input Dc solar voltage is coming and by
mppt algorithm output is coming across the load.

VI. ENERGY STORAGE DEVICE

The grid is a very complex structure in which
supply and demand of electricity should be equal at all
times. In order to satisfy anticipated demand variations
including everyday human behavior and sudden
changes in system overload, natural calamities, and so
on, continuous supply acclimatization is essential.
Energy storage systems play a vital role in this balancing
act and enhance the flexibility and confidence of the grid

system. For instance, if the production is greater than
demand, storage equipment will even power the excess
energy during the night when low cost power plants are
in service. The grid is a very complex structure in which
supply and demand of electricity should be equal at all
times. In order to satisfy anticipated demand variations
including everyday human behavior and sudden
changes in system overload, natural calamities, and so
on, continuous supply acclimatization is essential.
Energy storage systems play a vital role in this balancing
act and enhance the flexibility and confidence of the grid
system. For example, if the supply exceeds demand, the
surplus electricity may be powered as effectively as
possible during the night, while minimal cost power
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plants proceed. The efficacy of the battery
charge/discharge impacts the overall performance
ultimately.

VII. CONTROL MODELING OF NETWORK

Let I, be the current passing through the SN
inductor as

Vi) _ () = Vag(5)

I =
L(S) SLL- SLl'

vhere Vsw(s) is the inverted switching voltage multiplied
with the (s) duty ratio and the input DC bus voltage
VDC(s). Now the SN oltage through the capacitor can
be obtained by using (Eqg. 2).

dVTq_ll
at ¢, °©

Where Ic represents the capacitor current. Now
the state-space presentation of proposed system with
disturbance can be written as the system output
equation is:

I
y=[n]=l0 1l |
0
Here, A = 1 tl is the system matrix, the input
- 0
Ct

1
matrix B = [(,Tt 0] lc_tl , C =[0 1] presents the
0
output matrix, and the transition matrix D = 0 and the
0
term lll L, indicates the uncertainty added with the
Ct

system output rom the input. The parameters for SN are
chosen in a way that it a act like a real-time mini-grid
which takes power from the: 1DC bus and supply it to
the SN load 1 mises An LC ilter with a value of 2mH and
15uF is used to remove the noises rom the supply
voltage. The controller is designed for the voltage
control of a secondary network of PV based hybrid AC-
DC microgrid plant by eliminating the nonlinear
disturbance grid current Ig in the state space
representation of the system.
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VIII. PERFOMANCE EVALUATION
a) Case Study 1
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Fig. 6: Power output from solar

In this figure a pv panel output is showed. At the
early stage of graph it can be seen that when
temperature input is 23 and irradiance 1000w/m " 2 the
value is shown highest value. After few moment when
temperature and irradiance change output power graph
is showed some change. so It can be say that system is
work properly. The output depends on solar cell number
and temperature with irradiance.

b) Case Study 2
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Fig. 7: Resistive load voltage output

In this 10k resistive load is used across the
system to see how the system output comes. Here it's
seen that reactive power is 0 because of resistive load
but in active power initial stage it found that there some
saw teeth type wave diffraction after a certain time the
curve goes up linearly and its seem that stable against
load.



c) Case Study 3
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Fig. 8: 2 against inductive load

In this graph it seen that a semi parabolic curve
is showing. it actual show active power output against
250H inductive load. Some small wave fluctuation seen
in the graph (Indicated). At first the graph grown like a
sine wave after 0.3s the graph downs, from 0.5s the
graph is shown stabilized value, this the nature of
inductive load against built system.

d) Case Study 4
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Fig. 9: Capacitive load output

In this graph there so many distortion can seen.
As a capacitive load it always charge and discharge in
the system, at early stage its more like sine wave but
after 0.2s the graph is shown random spike. In 2.5s,
3.5s, 7s there some big spike shown. this happened
because solar does not give same output, For that its
shown different value in active power graph.

e) Case Study 9
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Fig. 14: Parallel RLC load output

In this graph chart a parallel resistive inductive
capacitive load added at a time. From 0.1 to 0.3 s graph

goes parabolic than it goes linearly down. From 0.5s to
0.8s graph is showing stable but downwards, this is
shown the performance of RLC load.

IX. CONCLUSION

This study presents the recognized a control
solution for the use of renewable energy sources such
as PV sources against the number of industrial loads. A
microgrid system associated the prime mover for driven
the industrial loads. A DC bus technology is used to
integrate all of the sources in a single network so as the
output voltage can be fed directly to the industrial loads.
For the balance operation, the output of the DC bus
needs to be stable over the variation of temperature,
irradiance and consumer demand. This paper carries
the design of various load through the combination of
an ANN and a PID controller. The validation of studied
by wvarying the consumer demand and the
meteorological factors of the PV source. Results obtain
from this study confirms that the proposed system has
the ability to provide the stable input voltage for the
network. The operation of the network is subjected to
the variation load dynamics that may change the
operating environment and confirms the low tracking
performance.
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A Review on Smart Car Parking System

Rani Astya ® Soni Jain °, Sukriti Sachan ° & Aish Aggarwal ©

Abstract- Nowadays vehicle parking has become an important
issue and the need is increasing day by day. Growing
population in metro cities is leading to huge vehicle density,
the problems for car parking has become an unending
question. In India we are still using a manual vehicle parking
system and that is why we are struggling with the waste of
time and fuel problem. When we need to park our car, we need
to park our car. The conventional parking systems do not have
any intelligent monitoring arrangement; causing wastage of
time to find the slot and traffic on the way to park. Conditions
are worse when there are multiple lanes and multiple parking
slots. In this paper, we present an incisive overview of different
methods and tools used in implementation of smart parking
systems. There are different approaches being researched
upon by people including using IOT, different sensors, cloud or
deep learning as well and all the different approaches being
used by people have been mentioned in this paper. The paper
presents a comparison of all the pros and cons for the
approaches being presented by authors in different research
papers.

Keywords: vehicle detection, tracking, parking, sensors,
cars.

I. INTRODUCTION

n recent years, the world's population has increased,

and hence the complexity of transportation has

increased dramatically. With the increase in use of
vehicles in cities, the problem of car parking has been
raised. Smart parking is a parking strategy that
combines technology and human innovation, aiming to
use as few resources as possible, such as fuel, time and
space, to park vehicles faster, easier and more densely
during most of the time they are idle. The general
approach to finding a parking spot is to aimlessly go
around and drive until a free spot is found. This system
would reduce empty parking space searching time. The
user will automatically find the parking space by
identifying entry and exit of the cars using the camera. It
reduces the time wastage in finding the vacant parking
lot for vehicles and also reduces the wastage of fuel
Consumed while driving the cars or vehicles in the
parking lot for finding the empty space to park vehicles.
Time and fuel are wasted unnecessarily because the
destination is unknown. A smart car parking system
gives a visual result that reflects available parking
space, rather than aimless driving. The smart car
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parking systems being introduced till now have
presented multiple approaches and are focused on
solving the problems being faced by people in their daily
lives. The focal point of all the authors has always been
to present the best they can. The different approaches
introduced by them have been presented in this paper.

[I. INTERNET OF THINGS BASED APPROACH

The approach proposed by Prof. Denis along
with Akshat and Vipul Jigree in [1] has basically focused
on the multi-storied parking areas along with the
concept of Energy Conservation and Management. As
per the approach, the vacant spaces will be depicted
through lamps and the occupied ones will be virtually
stored on the cloud which can further be accessed by
the central system. The system consists of various
components. It consists of a parking sensor working on
Passive Infrared and Ultrasonic technology thereby
detecting any human or vehicle presence. In order to
update the vacancy status of the area, the data will be
given via RJ25 interface, the moment the car will occupy
the space it's status will be updated as ‘Occupied’ in the
system’s GUI. Following the Energy Conservation, after a
while of the car being parked the lights will be dimmed,
which will get illuminated when the owner returns to the
vehicle. The system will have data depicted for different
floors for multi-storied systems. An external source of
Zigbee has been used in order to get the vehicle as well
as owner'’s data being stored.

The architecture presented in this paper has
been divided into three major constituents, the device
which can be considered as any device assembling the
data as per the segregation; edge server is the one
being deployed in a LAN network connecting with the
communication channels and the cloud server
connecting the controller in order to manage the energy,
also it provides the requirements needed for
computation. Also, the software model is being
segregated into several different layers starting from
related to sensing generating the information and
maintaining the connection, followed by the networking
related to the transfer of data among the devices as well
as server. The layers also include the awareness
regarding the environment including the processing,
configuration and the optimization as well. The last layer
includes the features related to the management and
the network. The proposed system focuses on saving
time and power. Also the proposed system provides an
enough spacing facility in order to avoid the
unstructured layout and to manage a maintained
approach as well.
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a) RFID & LCD based

The approach proposed in [2], focused on
providing a user friendly and reliable parking system.
According to the approach the vehicle that needs to be
parked will be provided with a unique id. In this system,
as soon as the vehicle enters, the driver needs to
deboard and look for the parking availability. Then the
user will need to select any one slot of his choice from
the available ones so that with the help of mechanical
structure the car can be parked at that slot. The vehicle
will trace the path to the slot as well. The time when the
vehicle will be parked it's details will be sent to the Car
Control Unit and further the status will be updated on the
LCD as well.

The system follows some major steps and uses
some components in order to follow the algorithm of the
approach. The user's details will be checked and
verified at the Verification Unit and thereby will be
provided with a smart card. Also for security, a
password will be given as well. There will be a floor
indicator depicting the status if a slot is available or not.
The LCD will show the details of the occupied and left
spaces as well. The system will consist of some
hardware and software components. LCD, DC Motor,
RFID tag will be used for the hardware.

Also microcontrollers will be used so that the
program memory can be re-programmed in the system.
Also the RFID will be used as the user will receive a
distinct ID, by which movement can be identified. In
order to support different designs of microcontroller,
Proteus 8 will be used.

The paper[15] presented the concept of having
multiple sensors detecting vehicles and further sending
the data to the server. The system involves steps like
checking for the free slots, getting the fastest route as
well. Further the user will be getting a different QR Code
while parking at the slot. The user will receive the details
regarding the booking and parking on the registered
phone numbers and further they'll be getting the access
via RFID Card and Token. The system involves multiple
modules, QR Code Module, RFID Module, GSM
Module, server, power, motor etc connected via the
Arduino Mega. The requirements for the system are
Arduino mega, IR Sensors, Servo Motor, RFID, GSM
and QR Code Module’s. The system starts with logging
in to the application, followed by the process of
accessing via RFID or Token thereby receiving the QR
Code and so users can further book the slots and work
towards the navigation process as well.

b) NB-IOT based

Praveen & Harini in [5] has discussed the NB-
IOT technology for the approach. The NB-IOT
Technology provides various benefits and provides
efficient solutions among the communication devices.
The technology ensures a greater coverage of the
network and requires enough signal penetration and is
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slightly variant as compared to rest of the technologies
in use whether the radio frequency one or any third party
technology. The Narrowband technology facilitates
enough maintenance and a great reliability with better
quality. Also, it provides a better data generation.

The approach is to provide a mobile application
working with the help of NB-loT technology. The user will
be needed to get registered on the application with all
the details, after logging in one can check the availability
of the slot, and the user can book the slot. The available
and unavailable slots will be displayed with different
colors to the user and the timer will be started on
parking, if the timer exceeds a notification will be sent to
the user. The system consists of various hardware
equipment like sensors, which allows it to detect the
presence of vehicles. The status will be transferred to
the central server which then processes the payment
transaction as well. Parking meter will specifically for the
payment procedure as per the time for which the vehicle
is parked. Further, the central server will be used for
communication with all the peripherals being used in the
system. Also, the system consists of a Buzzer, which will
be having a number of sensors connected to the server
sending a warning in the form of continuous beep
sound.

c) GSM based

The approach presented in [3] presents a
concept of transfer of data through a network without
human interactions with the help of loT. IoT provides
wireless technologies at an affordable price along with
transferring data to the cloud. The approach is focused
on using sensors thereby analysing and processing the
data, further the data will be transmitted to the
transmitters in the form of output. The useful data then
be extracted and will be further given to Arduino. The
system also consists of a servo motor and a GSM
module, which will then be instructed with Arduino. The
RFID card is provided to the user on entrance which
then can be scanned by user module keeping the
privacy and security constraints. Also RFID enables the
user to detect the availability of the spaces and give the
notification to the registered number as well.

The system is basically segregated into three
modules, first one working upon the parking area with
the help of Arduino and Infrared Sensors. The second
one will be working with the cloud web series that will be
acting as a mediator between the area and the user. As
soon as the changes happen in the area, the cloud will
also get updated for the same. Then the last section is
basically the one presented to the user. Users will be
receiving the notification regarding free slots via SMS.
The user can interact with the cloud as well as the
parking area. The user will be notified for all occupied as
well as the free spaces. The user will be given an RFID
card, which will be required every time while an entry
having details of the user will be scanned and thereby



details being transferred. Then as per the approach the
sensors will check for the available spaces and the user
will be notified for the same. The activity of the user then
will be stored in the cloud.

The idea of a miniature model of an automated
car parking system proposed in [6] by Bonde. D.J
Shende, Kedari, Gaikwad, K.S & Bhokre focused on
developing a system providing an automated parking
system. The system proposed a LCD for displaying the
number of cars parked and the free slots for more cars
to be parked. As the user enters the parking area,
he/she would deboard the vehicle and with the help of
application the command of car to be parked will be
given, the car would be following the path towards the
parking space further following the path towards the free
slot. The data for the same will be updated on the LCD
automatically. The proposed model will be working on
four major modules, the first one will be the LCD
interfaced with microcontroller, GSM interfacing the
microcontroller, followed by the interfacing of
microcontroller with RF module and Android application.
The whole methodology has been divided into two, an
architecture for cars and another for the parking area.
The android application will be helping in order to
command the parking system, and the system installed
in the car will further look for the movement of the car
following the commands. The android application will be
connected with the GSM module, further working with
microcontrollers. The microcontroller will update the
details on the LCD as well as connect with the RF
module of the parking system which will be further
connected with the RF module of the car. The RF
module in turn will be connected to the sensors via the
microcontroller and hence working with the engine. The
data received from the application or the microcontroller
will be stored in the buffer of GSM. Also the Rf module
has been wused in order to maintain an inter
microcontroller communication. The mathematical
model used in the system will be expressed in two
functions, one for searching the free space and other to
retrieve the car from the system.

CP*I*ES................. [6]{equation 1, where C is
the “Park My Car” function, implementing sequential
search, | denoting the set of slots, ES giving the empty
slots and P will be depicting the set of parking space}

GS*T. [6]{equation 2, where G will
be denoting the “Get My Car” function, S and T be
denoting the strip numbers in the parking area and the
direction whether left or right respectively}

[11. CLOUD-OF-THINGS BASED APPROACH

The approach proposed by [4] has been
focusing on locating a free parking slot in order to
reduce the time of the user. The system proposes,
collects and filters out the raw data further extracting

features by applying filtering and fusion techniques in
order to prevent the transmission of extra data over the
network. The transformed data will further be sent on
cloud in order to process and evaluate using the ML
algorithms.

The proposed system consists of sensor nodes,
the indoor system is in the basement area and that of
outdoor one is outside, other than that there are
microcontroller devices. Cloud will act as an
intermediary factor amongst the car parking and the
application. The major objective of this system is to
collect the sensor’s data in order to detect the presence
of vehicles in parking slots with the help of WSN. In
order to handle the sensor generated information, a
middleware architecture will be needed. The sensors will
be assigned to the parking system of indoor as well as
outdoor for gathering information which will further be
evaluated and processed using the loT devices. The
processed information will further be processed by the
ML algorithms. Android application will help in order to
locate the closest car parking slots further users can
avail the nearest vacant slot. Bluetooth will be further
used in order to achieve communication amongst the
sensors and microcontrollers. The HTTP protocol fulfills
the purpose of establishing communication between
users and the cloud.

The automated parking system proposed in [7]
has used the RFID card for storing information of every
vehicle entering in the parking space. The system has
been designed as such to calculate the time from entry
to exit, and consists of software as well as the hardware
equipment. Also, the system will have LED displaying
the available slots and the parked ones as well. The
RFID will be used in order to identify and track tags
attached to the objects, which will further be stored in
the database. The system has been deployed in a local
server as well as in Microsoft Azure Cloud. Further the
system will be having two types of users, VIP and the
regular one.

The system has been designed by segregating
the users into two, regular ones for whom the slots
would not be reserved and they have to park only on the
available ones whereas the VIP ones can have their slots
reserved, also they would be having their own RFID tag
whereas the others have to take it while entering in the
area itself. The system is further being segregated into
two, the entry system and the other is the exit system.
The entry system would store the data of the users with
the scan of the RFID tags (for the regular ones) or the
scanned VIP’s cards. While exiting, as per the delayed
time from the allotted one the payment of the user would
be calculated which can be paid in postpaid and
prepaid manner as well. The system also provides the
space of two admins as super admin and admin as well
and further the access will differ as per the designation
as well.
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There are multiple hardware's being used in the
system, the RFID booth while entrance will be using
ATmega328P along with the 32k ROM AND 2k RAM as
the microcontroller, the card being scanned would be
storing the card number along with the vehicle details.
The camera would be capturing the images of the
vehicle maintaining the security as well. Also the web

server and DB server would be used. The User Interface
of the system will be designed with the help of Java and
JDBC working for the database with the help of MYSQL.
The components required for the approach are readily
available and one can use a cloud server in order to
have remote access for the system, but the use of a
cloud server may affect the efficiency of the system.

Scan RFID card ] —_— [

Server inserting RFID
no. to DB

||

Image taken & sent
to server

\

Vehicle will enter | g——

the space

Barrier gate will be
opened by server

Server would stock images
corresponding RFID no.

hff—

L

Fig. 1. Workflow diagram for the proposed approach

The system presented in [12] is focused on the
idea of Intemet of Things with the help of mobile
applications connecting with the cloud. The system has
aimed towards using cloud computing along with the
loT providing a good and low cost storage capacity and
the data stored there can be retrieved with the help of
loT providing the real time processing along with
providing communication resources. The proposed
system focused upon the integration of Internet of
Things with that of Cloud computing in order to get an
improved functionality providing a better storage
capacity for any kind of data and also it provides the
computation needs required by the internet of things.
Also this integration focuses on providing a cheaper and
effective  communication facility along with a better
scalability approach.

The architecture of the proposed system has
been segregated into several actors as per their uses,
the parking sensors like Infrared, Passive in order to
identify the vacant parking spaces followed by the
processing unit consisting of Raspberry pi working as
an intermediate between the cloud and the sensors. The
TCP/IP protocol will develop the connections among the
remote locations. The mobile applications will act as an
interface for the user consisting of the system being
designed via different languages and servers along with
the data transfer as well. The IBM MQTT server will be
hosted on cloud, keeping the track and records of the
vehicles being parked and the spaces being vacant
stored in the database. All the transmission of data
would be handled via the JSON format between the
server and the application. The database will track the
payment, time duration permitting the system to add any
number of users in the database due to its flexibility. With
the help of mobile applications and following several
steps users can easily get their cars being parked.
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IMAGE PROCESSING & ARTIFICIAL
INTELLIGENCE BASED APPROACH

V.

The proposed system in [9] is highly focused in
order to replace the existing systems and has aimed not
to use sensors and so is using image processing
algorithms in order to automate the parking with the
image from security cameras in the parking spaces. The
algorithm would try to detect empty parking spaces and
communicate information to drivers entering the parking
space. The system has been implemented in MATLAB,
by following some of the steps like that of image
identification, acquisition, conversion thereby followed
by enhancement and detection.

The architecture of the system has been
segregated into several parts, the first step is of the
image identification that is the coloured image would
be converted into the HSV image describing the
saturation variations of the image. This step would help
the user to differ the green circle as per the input RGB
value. Further the image might be converted to binary
image with a specific threshold, less than which the
image might come out as total black or white. The
acquisition part will help in order to detect the vacant
parking spaces with the help of the cameras. After
having the view of the vacant spaces, the image would
be converted in order to identify the objects. The
architecture would be followed by the enhancement
part, that would be done with the help of dilation as well
as erosion. Dilation and erosion are a kind of opposites
of each other, dilation increasing the boundaries in order
to fill up the spaces in the objects followed by the
erosion thereby decreasing the boundaries differing the
objects and this process would help in distinguishing in
a better way, also helping in identifying the vacant
spaces. The last step for the algorithm is the detection



that would be done with the help of Circle Hough
Transform that would be helping extracting the circles.
As soon as the circles would be detected the diameter
of each circle would be identified. The number of circles
will be depicting the number of vacant spots.

The system given by [11] is focused towards
image processing and artificial intelligence, consisting of
various parts of the detection stage of license plate,
information processing control system, network and
application. The system uses Open ALPR and Node-
RED along with some hypotheses as well, in order to
implement the proposed objective. The camera’s will be
capturing the images of the license plates, thereby
identifying if the car is parked or not. The ultrasonic
waves will be used in order to identify and confirm the
parking scenarios. The image processing step will be
implemented in order to complete the first step of
detection of the plate numbers with the help of Node-
RED for the implementation part and which in turn will
be using the tool Open ALPR.

The image processing will be conducted by
segregating into several parts starting from the
conversion from the coloured images to grayscale in
order to identify the objects more clearly to the image
acquisition which will be performed with the help of
ultrasonic waves thereby confirming if the car has been
parked or not, followed by the Node-RED and Open
ALPR to be used in order to identify the results. The
mobile application will also be segregated into different
parts beginning with the time and the fee for the parking
to the place for parking manager as well followed by the
warnings for the ones not following the rules as well. The
system requires quite a number of hardware as well for
the implementation like, the communication hub acting
as an interface in order to deploy the system and that
interface will be Raspberry Pl 3 board offering the
peripherals with interface. This module will also
communicate with that of cloud over the network along
with the module of USB adapter to be used in order to
transform the Raspberry Piinto a Wi-Fi router as well.

The system discussed in [14] presents a
proposal for an identification and recognition system
which provides a highly efficient system and can be
used with respect to electronic toll collection as well as
the check points. In order to maintain a uniqueness, the
registration plates will be scanned via different
recognition techniques. The presented system starts
with capturing the image, followed by detection of the
plates thereby segmenting and changing the files from
the above step. The third step comes up with the idea of
normalization and conversion of images into a binary
one in order to create a background separation. Further
the next step comes up with the use of OCR recognizing
the characters of the plate. And at last the license plate
will be detected.

The license plate detection will further be
divided into several sub steps beginning with first

acquisition of the image along with segmentation the
number plate converting into a variety of useful formats
segmenting and labelling characters followed by
character recognition providing the output file at the last.

a) Miscellaneous Approaches

The approach discussed in [8] focuses on
working on lot and wi-fi technology providing a real time
system. This parking system aims to ensure the user a
real time reservation before the time of arrival. The
proposed system has been worked out using a mobile
application connected to Wi-Fi. The system will be using
infrared sensors in order to monitor the free parking
spaces. The user would need to check for the available
spaces with the help of mobile application and further
he/she can book the slot that they want to and the
information would be shared with the users via
notification. The details would be updated in the system
as well. The architecture of the proposed system will
consist of various elements like infrared sensors, LED
lights, microcontrollers etc. The user would be needed
to install the application for reserving their slots as per
the available spaces. The user can decide the slot and
park the car with the help of wi-fi connections via which
the links would be created, either by using the IP
address. The infra-red sensors would help in detecting
objects or any obstacles, when the vehicle comes into
space the sensor will transmit the modulated IR light,
detecting the vehicle. Further the LEDs would simply be
used in order to depict the empty and busy slots. The
personal system will be keeping all the records of the
whole system. It would be monitoring the count of
vehicles being parked or left along with the payment
procedures.

The system proposed by Bibi N. in [13]
presented a vision based smart parking framework
having the method of calibration in order to get the
parking area to be segmented into blocks. The system
will be dividing the process in different steps, starting
with a web camera taking images and further performing
image processing in order to represent car presence,
counting them and even locating parking slots and
further updating the status on the entrance. The video
taken via camera would be segmented into frames,
further the key frames will be extracted from different
angles and the motion of the car will be detected by the
key frame subtraction. The steps for thresholding,
filtering and further creating frames round the slots
would be created. The implementation of the proposed
system will be performed via MATLAB and further the
efficiency will be calculated as per the slots, number of
cars and further taking the predicted numbers of the car.
The idea of smart car parking proposed in [10] aims for
the single or multi floor parking spaces with the help of a
partial automated system. The system also focuses to
let the user reach the nearest parking slot via less traffic
route. The system works with the help of several
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different equipment like during the entrance of the car.
The IR sensors will be identifying its presence thereby
opening the gates only if some vacant spaces are
present. Several IR sensors would be installed near the
slots updating information to the microcontroller whether
there is available space or not. Further the slot would be
selected by prioritising the path, slot, as well as the
traffic congestion while reaching there. LED would help
in detecting the suitable path indicating the user to use
that route.

The IR sensors will help in detecting the
available spaces, and the LED’s will be indicating the
path for the specified paths. The system will be working
on the objective of combinations, the several
combinations of LED paths will be stored in the
microcontroller as per the priority of distance and the
tuns as well. The system will be using a PIC
microcontroller providing a platform for all the
operations, it acts as the main component controlling
the working of all the other components. Apart from
LED’s and the controller, the DC motor will be used for
the gates during the entry or exit. The actions will be
converted to the commands with the help of
electromagnetic Relays with a good supply.

V. CONCLUSION & COMPARATIVE STUDY

This paper presents an overview of the different
techniques being researched upon by different people
in order to develop an efficient algorithm for a smart car
parking system. The approaches involved technologies
like that of 10T, deep learning, Al etc. The most used
approach is 10T and use of RFID tags and sensors. The
approaches mentioned above do present efficient ways
for the implementation of the algorithm but there are
some disadvantages as well. Some of the approaches
including sensors or RFID's turns out to be very
expensive and are quite problematic to implement as
well. There are systems being implemented by IOT
having lots of hardware requirements and costing a
great expense as well while on the other side there are
systems trying to solve the disadvantages of the
previous ones.
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Ref. no.

Method Used

Advantages

Disadvantages

Denis
Ashok et. al[1]

IOT

1) Saves the customer time.

2) Provides a better safety constraint.

3) Provides Real Estate Optimization
along with planning.

1) Requires a scope of improvement.

2) Low transmission.

3) Can'’t be used in an outdoor wi-fi
system, due to the limited
coverage system.

4) The privacy leakage

Jahnvi
Nimble et. al[2]

IOT (LED/RFID)

1) Efficient as due to its automation
technique the parking system works
quickly and efficiently.

2) Requires low maintenance.

3) The highly sensitive sensors will
make the work easier and are easy
to handle.

1) High cost when needed to be
designed for a larger area.

2) Due to the use of several hardware
components it will somehow affect
the expenditure of the system.

ElakyaR et. al[3] 0T (GSM) 1) Users don't really need to wait as 1) The system consists of several
they will be notified for occupied as hardware components that would
well as vacant spaces. be difficult to maintain.

2) Saves time. 2) Requires more expenditure.
3) Users having access to the parking
area.
Wael CLOUD BASED 1) Reducing time. 1) The system is quite expensive.
Alsafery et. al[4] 2) Reduces the energy of the user. 2) Tedious to maintain.
3) Provides an effective approach for
the cities with humongous traffic.
4) The system traces the shortest path
to the vacant slots.
Praveen, M., & NB-IOT BASED 1) Provides deeper network coverage |[1) Quite expensive.
Harini, V.[5] and signals penetrating through 2) Requires more hardware.
underground. 3) Requires a lot of time in
2) NB-loT provides a stable span of maintaining the system.
four to five years. 4) The devices on the network must
be paid and the addition of
telecommunication taxes increases
the expenditure as well.
Bonde, et. al[6] IOT (GSM) 1) Provides a successful allotment of [ 1) It requires a lot of time toinstall.

free parking slots to cars.

2) Tracing the proper path towards the
slot.

3) LCD displaying allotment and de-
allotment properly.

2) The system turns out to be quite
expensive.

Chowdhury et. al[7]

CLOUD-OF-THINGS

1) It provides all in one facility along
with the payment options.

2) Provides reserved spaces for VIP's.

3) Highly Secure.

1) Requires a lot of hardware.
2) High Expenditure.
3) Requires a lot of time in installation.

Jayakshei Dadaji
Bachhav et. al[8]

WI-FI TECHNOLOGY

1) The system facilitates a user-friendly
environment.

2) Less time for the user infinding the
slots.

3) Provides more security to the user.

1) Consumes a lot of power.

2) If the sensor gets affected due to
weather it will need to be replaced
too.

Soundarya Rajesh
et. al[9]

IMAGE PROCESSING

1) The system ensures reduced
mechanical and electrical liability as
there is no use of sensors.

2) High level of security asthe cameras
would be installed for the image
capture.

1) The system requires a power
source ensuring the cameras and
lighting for camera imaging.

2) Weather conditions might affect the
visibility.

Balwant K. Patil et.
al[10]

SENSOR BASED

1) Reduces User's time.

2) Helps in traffic management.

3) Provides a mode of communication
with the drivers for the parking.

1) The system facilitates higher
performance in order to track the
car but is not fully an automated
system.

2) Requires a high level of
maintenance.
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IMAGE PROCESSING
& ARTIFICIAL
INTELLIGENCE

Jiang Ruili et. al[11]

problems.

securely.

1) Provide a long term area for
expansion as well as solutions for

2) The ANPR efficient cameras provide
a good level of precision.

3) The system integrates several
technologies providing every details
of the vehicles to the system

1) Requires a high power supply

2) High battery backup required.

3) The sensitivity elements of
ultrasonic can get mechanically
damaged and the risk of change in
the range of ultrasonic sensors
due to the weather comes out as
another problem in this space.

Abhirup CLOUD-OF-THINGS

1) Provides good and low cost storage

1) This system is quite complex in

Khanna et. al[12] capacity. design.
2) The system ensures the backup of |2) Not provide much of aflexible way
the data in the cloud in order to have to park.
recovery in case of any damage to
the system.
Bibi, N., MATLAB 1) Cost effective. 1) Time Consuming
Majid et. al[13] 2) Optimize the identification of 2) Includes a number of steps which
available parking slots to reduce makes it a bit complex.
congestion in the parking area.
Jaspreet IMAGE PROCESSING [1) Acts a multi purpose parking system | 1) With time the maintenance of
Kaur et. al [14] & ARTIFICIAL helping in various activities. hardware will also be required.
INTELLIGENCE 2) Cost of the system is more.
Vinay Raj Tripathti 10T Saves fuel consumption. 1) Alot of hardware will be required

(19]

1)

2) Saves the user's time.

3) Helps in reducing traffic congestion.
4) Controls pollution.

which will lead to more cost and
will also need more maintenance.
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AFIS based Advanced Power Control Scheme
for Grid-Connected DFIG-Driven WECS

Ifte Khairul Amin ¢ & M. Nasir Uddin °

Summary- In wind energy conversion system, extraction of
optimum power and efficient operation are two major
challenges. In grid connected mode, a doubly fed induction
generator (DFIG) control unit is designed to operate at
optimum speed to deliver maximum output power in the grid
while the voltage, frequency and harmonic regulations need to
be fulfilled. Vector control associated with proportional-integral
(Pl) controllers has been widely applied in wind farms for
reliable power regulation of DFIG. As DFIG based wind energy
conversion system (WECS) experiences strong nonlinearity
and uncertainties originated from the aerodynamics of the
wind turbine and magnetic saturation of the generator,
different adaptive and nonlinear control schemes have been
proposed to resolve the problems associated with fixed-gain
Pl controllers. Among adaptive controllers, adaptive fuzzy
inference system (AFIS) has the distinguishing feature of
modeling a highly nonlinear system and adopting the
uncertainties. Hence; in this paper, an AFIS based NFC
controller is proposed to regulate the converters of grid-
connected DFIG. The proposed algorithm is tested for variable
wind speed conditions and the results are compared with fixed
gain PI controller and adaptive back-stepping based nonlinear
controller. The simulation results suggest that the proposed
scheme shows excellent adaptation with the variable condition
through the change of its parameters and comparatively better
performance in terms of speed and current tracking.
Keywords: on-line tuning, AFIS control, doubly fed
induction generator, wind energy conversion system,
power control.
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L, = L, + L,, —Stator self-inductance (H)

L, = L, + L,, —Rotor self-inductance (H)
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T,-Electromagnetic developed torque (N-m)

Qs, Qgria — Reactive power in the stator side and grid
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[. INTRODUCTION

mong the major challenges of WECS, controlled
extraction of power from intermittent generation

and supervision on nonlinear system dynamics of
DFIG-WECS are of critical importance. Different
optimum point search algorithms have been proposed
in [1-5] to find out the peak power generated by the
WECS. The conventional vector control scheme involves
cascaded control loops where simple proportional-
integral (Pl) controllers are executed to regulate the
voltage/current [6-8]. The fixed gain Pl controllers may
fail to implement proper tracking performance if the
constants are not selected appropriately. Furthermore,
the performance of the Pl controller deteriorates with the
variation in machine parameters due to the change in
temperature, magnetic saturation and machine-aging.
Since DFIG inherits  nonlinear  magnetization
characteristics, nonlinear control techniques are
adopted to achieve enhanced dynamic behavior for the
control operation of the system. Hence, the researchers
have focused on more sophisticated problems for
WECS control, such as backstepping based nonlinear
control [9], fuzzy logic control [10], sliding mode control
[11] etc. The major drawback of the reported fuzzy
inference system is that it is completely based on the
knowledge and experience of the designer [12].
Intelligent control algorithms such as neural network
(NN)[13], neuro-fuzzy control (NFC)[14], adaptive
network-based fuzzy inference system (ANFIS)[15],
genetic algorithm[16], particle swarm optimization[17],
artificial  bee colony algorithm[18], grey wolf
optimization[19] have been gaining popularity over the
last decade. Among the intelligent control algorithm,
AFIS combines the competence of fuzzy reasoning in
handling uncertainties and learning aptitude of adaptive
network from complex system. Also, the algorithm is
capable to model the nonlinear features of a system.
Therefore, an AFIS based NFC controller is designed for
converter control for real and reactive power control of
grid-connected DFIG based WECS to extract maximum
power from the wind. The performance of the AFIS
controller has been investigated with the fixed gain Pl
and adaptive backstepping based nonlinear controllers
under various operating conditions. The simulation
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results demonstrate the efficacy of the AFIS algorithm
over other controllers for its intelligent pattern
recognition scheme.

[I. PROPOSED CONFIGURATION OF THE
SYSTEM

In the proposed configuration, the DFIG is
mechanically coupled with the turbine to transform the
mechanical energy into electrical energy. A back-to-
back converter is implanted to perform independent
control of DC-link voltage and decoupled control of real
and reactive power. Separate control circuits are
required to regulate the grid-side converter (GSC) and
rotor side converter (RSC) as shown in Fig. 1. Adaptive

fuzzy scheme with on-line tuning feature is implemented
to design the proposed controllers. The turbine, DFIG
and grid parameters are shown in Table 1.

a) AFIS Structure

AFIS can be considered as an intelligent and
powerful processing tool for pattern recognition and
controller design because it combines the advantages
of both the fuzzy logic and online parameter adaptation.
The following subsections illustrate the structure of AFIS
network and demonstrate the AFIS based controller
configuration of the DFIG-WECS primarily linked with
grid.
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Fig. 1: Full configuration of the proposed AFIS controller based DFIG-WECS
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i. AFIS Layers

Adaptive fuzzy inference system consists of a
fuzzy inference system whose membership functions
can be reconstructed by using an authentic input-output
data set. The parameters associated with the
membership functions are obtained by gradient descent
algorithm. When the gradient vector is determined, it
utilizes least square error calculation method to adjust
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the parameters to reduce the error function. AFIS
networks usually utilize a combination of least squares
estimation and back propagation for membership
function parameter estimation. The details of AFIS
structure can be found in [20, 21].

The controller for the converters is designed by
utilizing fuzzy logic and adaptive neural network
algorithms. AFIS can be considered as an intelligent



and powerful processing tool for pattern recognition and
controller design because it combines the advantages
of both the fuzzy logic and neural network algorithms.
The parameters associated with the membership
functions are updated by gradient descent algorithm.
When the gradient vector is determined, it utilizes one of
its optimization techniques to adjust the parameters to
reduce the error function. AFIS networks usually utilize a
combination of least squares estimation and back
propagation for membership function parameter
estimation. Fig. 2(a) and 2(b) illustrates a generalized
configuration and membership function for the
proposed AFIS network, respectively. The description of
each layer in the AFIS structure is explained in the
following section.

Layer 1: The first layer is also known as the fuzzification
layer, a number of membership functions are assigned
to each input. Only one input is used in this layer which

is the normalized error function of bus voltage (Vpus),
rotor speed (wy), reactive power (Qs) based on the
converter control.

x = a—aref (1)

Arated
Here, @ = w,, Vj,sor Q;.
The membership functions are defined in this

stage. The equations for the membership function are
defined in (2-4).

x—a
wi () =y 1 <x<a @)
5 0, |x| = b,
Pz (x) ={ _x=a ©)
1 b, ) le < b2
0, x <aj
x—a
() = {pimayr 98 <X < bs (4)
1, X = b3

where, x is the input for the membership function
calculation  block, aq,by,a5,b,,a3and b; are the
parameters defined in the corresponding membership
function which needs to be tuned during control action.
The parameter a, is selected as zero to reduce the
computational burden.

Layer 2: In this layer, each node multiplies the entering
signals and directs the output to the next level that
represents the individual firing strength L of a rule.

ow ow
a(n+1) = a;(n) = va 5 -bi(n+1) = bi(n) = yp 5

i = P ()2 ()3 (x) (5)

For the proposed controller only one input is
chosen. So, the second layer can be ignored and the
output of first layer goes to the third layer.

— 1 — ;2 — 3
p1 = par (), pz = pip (), 3 = pas(x)  (6)
Layer 3: Each block in the third layer which is also
known as normalization stage, estimates the proportion
of the i-th rule firing strength (f1;) to the sum of the firing
strength of all rules.

Y R
H1tuz2tu3

Qi (7)
Layer 4: In this layer, the function, fi is calculated as the
linear activation function. A single input first order
Sugeno fuzzy model is utilized in this model.

fi = B3 + Bix 8)
fo = B¢ + Bix 9)
fs =B + Bix (10)

In this stage, the parameters f3,, B are tuned
based on the operating condition of DFIG. These
parameters are known as consequent parameters.

Layer 5: The final layer is the output layer which
computes the overall output by combining the incoming
data.

f=mfi+if+iasf; (11)

i. Online self-tuning algorithm
It is impossible to calculate the desired outputs
of the AFIS controller for all possible conditions, which
are d-g axis currents for rotor and grid side control (idr,
Igr, ldg, lqg). Hence training data sequence can't be
obtained especially for variable wind speed. Therefore,
an unsupervised self-tuning algorithm is developed in
the paper. The controller targets to minimize the
objective function which is a squared normalized error
function of the AFIS controller input. The objective
function is defined as,
1, x"—x 2

W=%e2 = (12)

2 “Xrated

where x*,x and x,,.q are the reference, actual and
desired value of the variable and x is scalar.

ii. Tuning of Pre-Condition and Consequent
Parameters

The learning rule of the proposed controller can
be given as [22]:

(13)
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Where, Yy, and yp; are the learning rates of the
corresponding parameters. The derivatives can be
defined as:

QW W de dx Of duly

dar ~ 90 0x 37 opl, e

de dx of au'y, ab;
(14)

’a_bi_

ow x*—x de
Now we get,¥=e= — =

)
Xrated 0%

[

and

Xrated

Z—lf = J, assuming J is the Jacobian matrix of the system.

It is very difficult to determine system’s Jacobian matrix.
For decoupled control of DFIG, the system is assumed
as a single input single output system and then the

fi) 1—pjii(n)
Yuki b1()—ai(n)
(15)

a(n+1) = a;(n) —ya1e(n)

A@)  pii()
bi(n+1) = by(n) — yp1e(n) Zlﬂ; bl(l:;l—;(n)

(16)

2
b,(n+ 1) = by(n) + ype(n) fa(m) 1—uj(n)

i, b 7

fr(n) 1—p3s(n)
Yud 3 b3(m)—az(n)

az(n+1) = az(n) — y.ze(n)

18
Jacobian matrix is considered as a positive constant. (18)
Considering that the effect of J is included in tuning rate _ fzs(n)  ui3(n)
parameter, tl'_le update rule for the consequent bs(n +1) = b3(n) = yp3e(n) Yu3s bs(n)—az(n)
parameter is given as: (19)
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Fig. 3: Output calculation by implementing AFIS algorithm

Similarly, the update laws for tuning the
consequent parameters can be derived as follows.
i — Rl =y W
.BO(n + 1) - ,BO(n) Vlg(l) 8[36 (20)
i —Ri(n) — vy W
ﬁl(n + 1) - ﬁl(n) yﬁi 6Bi' (21)

yﬁé and Vﬁi are the learning rates for the consequent

parameters. As discussed in the update laws of
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precondition parameters, the derivatives can be found
from the chain rules.

i PR O N T
Bo(n+1) = Bs(n) — ygre(n) i H1tuz s

(22)

: - fi)  wix
i 1) = Bi(n) — v, ULV L
Bin+1) = Bin) — yype(m AP

(23)



Finally, the output (f) will be calculated according to (7)-(11). Fig. 3 shows the parameter update mechanism
for the proposed AFIS based configuration.

[IT. RSC CONTROL

| (wsiOLyigr) | | (wsiOLyigr) |
Vg
>+
Vg |
AFIS
AFIS Controller
Controller
i*qrﬁ A A
f 4 MPPT Viar Viar
I Controller A 4
Idr ldr ! ei(6s-6r)
Wy iqr VUB
W abc to dq ap to abc
id iaryibryicr
supply = 1.
|V Link
DFIG RSC
Fig. 4: AFIS architecture based RSC control for grid-connected
mode of DFIG
The rotor side converter magnetizes the [V. GSC CONTROL BY AFIS CONTROLLER

machine through the rotor side converter. Fig. 4 shows
the RSC control scheme using the proposed AFIS
architecture for grid connected DFIG. As DFIG provides
decoupled control of real and reactive power, two
different AFIS structures have been employed to
generate the reference d-axis and g-axis rotor voltages
(var and vy, ).

The grid side converter maintains the dc-link
voltage constant irrespective of the value and direction
of the rotor power flow. The AFIS controller-based
configuration is implemented in GSC control to regulate
the dc-link voltage as depicted in Fig. 5. The reference
g-axis grid current component can be obtained from the
reactive power according to (24).
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Fig. 5: AFIS based GSC control for DFIG-WECS
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. 0
ing = KogQi = ——
ag = Kals = 55

The objective function of the AFIS controller will
ensure that the bus voltage error is converged to zero.

(24)

V. PERFORMANCE ANALYSIS OF THE
PROPOSED SCHEME

Speed and direction of wind at a location vary
randomly with time. Therefore, the adaptability of
controller is critical for wind power generators to operate
effectively. AFIS based controllers have the unique
property of handling uncertainty and fast convergence in
varying condition. In this paper, the efficacy of the AFIS
controlled RSC for grid connected DFIG is observed
under variable wind speed as shown in Fig. 6.
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The wind speed variation is depicted in Fig.
6(a). It is found that the AFIS controlled RSC tracks the
rotor speed of the generator as dictated by the MPPT
control algorithm (Fig. 6(b)). It also regulates the d-q
axis rotor currents according to the demanded value to
control the real and reactive power of the generator (Fig.
6(c,d)). Similarly, the GSC is controlled by the AFIS
based controller which regulates the d-g axis grid
current components. The bus voltage regulation
performance is depicted in Fig. 6(e). It is found that the
AFIS controller is capable to maintain the dc-link voltage
to the reference set point which is 1150 V. A hysteresis
current controller generates the control pulses for the
grid converter. The current d-q axis grid current
components and the three phase currents are shown in
Fig. 6 (f,g,h).
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Fig. 6: Performance of the AFIS based RSC and GSC control: (a) Variation in wind speed, (b) Corresponding change
in generator speed, (c) Reference and actual g-axis rotor current, (d) Reference and actual d-axis rotor current, (e)
Reference and actual DC-link voltage, (f) d-axis grid current component, (g) g-axis grid current component, (h) Three

phase grid currents.
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Fig. 7: AFIS based controller performance for step
change in reactive power: (a) Variation in reference
value of reactive power, (b) Corresponding change
inreference and actual d-axis rotor currents, (c) Three
phase rotor currents.

In DFIG, it is possible to control the reactive
power requirement from RSC. Fig. 7 shows the feature
for the proposed controller. The reference reactive
power is varied from 0 to -0.5 MVAR by employing step
function (Fig. 7(a)). The desired value of d-axis rotor
current follows the variation of the reactive power and
the actual current component successfully can follow
the trajectory of the reference current as observed in
Fig. 7(b) and the three phase rotor currents also change

observed from this figure that the PI controller has the
largest overshoot and steady-state ripple compared to
the other two controllers. In the Pl controllers, the
proportional and integral constants are selected
according to Table 2. The values are calculated
according to the DFIG, grid and turbine parameters [6].
The AFIS controller shows excellent speed tracking in
terms of steady state error although the settling time is a
bit higher than the nonlinear controller. The nonlinear
controller for the comparative analysis is derived from
the machine motion equation to stabilize the rotor actual
speed at the reference rotor speed. The subsystem
equations are exploited, and new controllers are derived
by  defining appropriate Lyapunov  function
progressively. The process terminates when the control
equations for the reference voltages are derived.
Backstepping based control approach is adopted to
obtain the control laws for the rotor side converter
control. The detailed model and equations for the
proposed adaptive Lyapunov stability criterion based
nonlinear controller can be found in [23,24].

Table 2: Pl controller constants for comparative analysis

Stator side Pl

Rotor side PI controller

controller
parameters
parameters
kp,idr = kp,iqr kp,vbus = —10*

ki ppus = —3 x 10°

= 2w;4r 0L, — R
rir " kp,icd = kp,icq = Zwich

=k = @iy 2
accordingly (Fig. 7(c)). The reactive power regulation Kiiar = Kiigr = @iar“0Lr _R
. g
proves the accuracy and effectiveness of the AFIS kypwr = 2w,] /P bk w2
structure-based controller in grid-connected DFIG kiwr = wp2%]/P Licd = i»i_cqz_ Wic“Lg
based WECS Wigr = 100 XL, Wic = 77.']‘;
The performance of the grid connected DFIG- _al
WESC has been investigated for conventional PI, 1"“ R,
nonlinear and AFIS based controllers under various Wy = tep = 0.005
operating conditions. First, the simulation is performed
for a step change in wind speed from 6m/s to 8 m/s for
each controller. The results are shown in Fig. 8. It is
80 Pl Controller Nonlinear Controller ANFIS Controller
7170 \ 7 20 170 R R,
= T ge;
e o |
5 160 | =1 160
8 | 2 200 ‘
[=3 [=3
9 150 @ 150
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Fig. 8: Comparative rotor speed response for a step increase in wind speed: (a) PI, (b) Nonlinear, (c) AFIS
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The dc-link voltage tracking performance of the
controllers is also compared and shown in Figs. 9 (a)-
The adaptive backstepping based nonlinear

(c).

controller has very high ripples in dc-link voltage while
the AFIS based controller shows the most satisfactory
performance in voltage tracking.
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Fig. 9: Comparative dc-link voltage tracking performance at variable wind speed: (a)Pl, (b) Nonlinear, (c) AFIS

Similarly, d-axis rotor current responses are
investigated in Fig. 10 for a step change in reactive
power demand. The PI controller shows fast current

tracking while the nonlinear controller displays current

Pl Controller

Nonlinear Controller

performer

o ANFIS Controller

tracking with large steady state error. The proposed
AFIS controller
configurations.

in between these two

6000 3000
4000 1
2000 - 5000 |

2000 1000
g,_ D 'il_ Cl FL g D
= I __’-6
2000 1-1000

-2000
4000 12000 (b) (c)
3000 -3000 -4000
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Fig. 10: Comparative d-axis rotor current tracking response for a step change in reactive power demand at t=2 sec:

controllers.

(@) PI, (b) Nonlinear, (c) AFIS

Table 3 shows the detailed comparison among
The proposed AFIS controller
comparatively better performance in terms of rotor

shows

speed convergence, dc bus voltage regulation and grid
disturbance minimization whereas the computation

burden is high and d-axis current tracking performance
is moderate compared to fixed gain Pl and adaptive
backstepping based nonlinear controllers.

Table 3: Performance comparison among the proposed controllers

. . ABN AFIS based

Operating condition Property Pl controller controller controller
Speed settling time Less than Less than Less than

Speed convergence P ing t 0.2s 0.05s 0.15s

characteristics Speed overshoot 3.5% 0.4% 0.6%
L Less than Less than Less than

DC bus voltage Voltage settling time 0.1s 0.05s 0.05s

convergence at

variable wind flow Voltage fluctuation Low High Very low
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L Less than Less than
d-axis rotor current at Current settling time 01s More than 0.5 s 0.25
step rise in reactive Negligible Marginal error
power demand Steady state error Negligible with very high with
overshoot fluctuation
Computational . . .
burden Block computation speed Low Medium High
Ripple in grid currents Lower than
bp g other Very high High
at fixed wind speed
controllers
Performance under Better than
Grid voltage Good Moderate
X others
disturbance
12 '
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Fig. 11: Parameter updating pattern of online-tuned ANFIS scheme for variation in wind speed: (a) Changes in wind

speed, (b) Frequency variation in rotor current,

Variation in (c) precondition parameter,a, (d) precondition

parameter,b, (e)precondition parameter,b,, (f) subsequent parameter,f,’

Figure 11 depicts the tuned parameters of the
proposed algorithm along with the variation of the wind
speed (Fig. 11(a). The amplitude and frequency of the
rotor current are shown in Fig. 11(b). Four parameters in
the AFIS model are demonstrated in Fig. 11 ((c)-(f)). The
variation of three preconditioned parameters, as, b; and
b, and one subsequent parameter is B is depicted.
Hence, the adaptation of parameter in the proposed
adaptive fuzzy inference system is proved from the
figures.

V1. CONCLUSION

Simplistic membership function based adaptive
fuzzy scheme for DFIG operated WECS has been
presented in this paper. The performance of the
proposed controller has been investigated for grid-
connected machine under different dynamic operating
conditions. The simulation results suggest that the RSC
controller regulates the power by adjusting the rotor
speed and machine torque with the variation of wind
speed. Also, the GSC controller is capable to maintain
constant dc-link voltage and grid-current components

even after abrupt variation of the required power
demand and wind speed. Comparative analyses have
been performed among the proposed AFIS scheme,
conventional fixed-gain Pl controller and adaptive
backstepping based nonlinear controller.  The
comparison outcomes suggest the superiority and
robustness of the AFIS architecture-based controller in
power regulation of DFIG based WECS.
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Changes in Authorship
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of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
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Appealing Decisions
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Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
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follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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