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Abstract —The forthcoming spread of Electric vehicles (EV) and module crossover electric 

vehicles emerges the requirement for quick charging rates. High required charging rates prompt 

high power requests, which may not be upheld by the framework. In this paper, an ideal power 

stream procedure of a PV-battery fueled quick EV charging station is introduced to persistently 

limit the task cost. The goal is to help the entrance of PV-battery frameworks into the matrix and 

to help the developing need of quick EV charging. An enhancement issue is planned alongside 

the required imperatives and the working cost work is picked as a mix of power lattice costs and 

the battery corruption cost. In the principal phase of the proposed advancement method, a 

disconnected molecule swarm enhancement (PSO) is executed as a forecast layer. In the second 

stage, dynamic programming (DP) is executed as an online receptive administration layer. Guage 

framework information is used in the two phases to locate the ideal power administration 

arrangement. In the responsive administration layer, the yields of the PSO are utilized to restrain 

the accessible state directions utilized in the DP and, in like manner, enhance the framework 

calculation time and effectiveness. Online mistake remuneration is actualized into the DP and 

sustained back to the forecast layer for important expectation changes. Reenactment and a 1 kW 

model trial results are effectively actualized to approve the framework viability and to exhibit the 

advantages of utilizing a half breed lattice tied arrangement of PV-battery for quick EVs 

charging stations.  

Catchphrases—Photovoltaic; battery; electric vehicle charging; control stream administration; 

battery debasement, streamlining, molecule swarm enhancement, dynamic programming. 

 

1. INTRODUCTION 

The typical insufficiency of oil based goods, 

and the creating normal challenges, are the 

crucial purposes for the climb of the electric 

vehicles (EVs) as a potential techniques for 

transportation. Regardless, the EVs business 

faces a couple of challenges to get the 

customer affirmation. As reasoned in, the 

charging time of the EVs is a basic stress for 

the potential customers. Along these lines, 

the investigation interest has created in 

developing snappy charging stations. 

Achieving snappy charging rates of 80−120 𝑘𝑤 while only depending upon the electrical 

grid power will realize ask for charges from 

the utility, provoking a higher action cost. 
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Additionally, simply couple of spots on the 

contemporary electric grid can manage the 

high asked for control rates. In this way, 

upgrading the grid establishment would be a 

need to supply such a pile. The 

establishment of a spread generator (DG) 

behind the meter (BTM) on the fast charging 

station site is a conceivable response for the 

beforehand specified difficulties. In such a 

structure, a supportable power source age 

office is making electrical supply that is 

normal for on area use.  

Photovoltaic (PV) essentialness is believed 

to be a champion among the best elective 

imperativeness choices that is attracting 

much thought due to its supportability and 

ease in creating electric power. Regardless, 

the PV control yield encounters brokenness 

over multi day of movement despite a 

sporadic nature that can occur over a 

reasonably short break of time (minutes to 

hours). In this way, essentialness storing 

contraptions, for instance, batteries are 

prescribed to be joined with PV sources to 

keep up the constant power supply to the 

associated stacks paying little regard to yield 

control instabilities in PV sources. The 

blend of the creamer PV-battery system into 

the grid contemplates a larger amount of 

deregulation on the demand side, which is a 

key factor in achieving lower running costs 

at higher execution. The mix of the battery 

accumulating with the PV offers countless 

for the power stream issue in the midst of 

different time intervals, which are altogether 

constrained by furnishing the associated 

structure stack with the asked for control. In 

this way, grasping the assignment booking 

of the blend system was the standard 

excitement of research in a couple of 

preparations. In, Lagrangian loosening up is 

associated with choose the perfect hourly 

battery charging or discharging current, 

where the objective is to open up the 

dedication of the mutt system to the grid 

tolerating that there is no dispatch cost 

associated with the PV/Battery yield control. 

This prompts the absence of the battery 

degradation cost and its fitting working 

conditions. In, dynamic programming (DP) 

approach is used to update the power stream 

while considering the state of prosperity 

(SOH) of the battery. This approach requires 

high memory as the structure states are 

discretized into little walks over a critical 

part of time. Besides, the proposed 

presentation of the battery developing 

expense depends just on the state of 

prosperity (SOH) of the battery which is a 

component of the battery significance of 

discharge (DOD) and it's singular 

convincing in the midst of the discharging 

strategy. The unraveled presentation of the 

developing cost work slights the temperature 

influence on the battery execution and also 

the ordinary state of charge (SOC) of the 

battery. What's more, the utilization of the 

structure logically is uncommonly 

dependent on the foreseeing precision. A 

control based model is shown in where the 

response for the power stream issue isn't 

generally perfect. In this paper, two stages 

are utilized in a streamlining methodology to 

achieve the irrelevant system running cost 

while satisfying the arranged goals. Battery 

making arrangements for this blend system 
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is predefined in the desire layer by a 

heuristic based particle swarm upgrade 

methodology (PSO). DP is then used in the 

online open organization layer to manage 

the power stream inside beyond what many 

would consider possible predefined from the 

PSO upper level. The online upgrade level 

has the limit of responsive compensation in 

perspective of the refinement between the 

decided power levels and the ponder ones.  

The paper is created as takes after, Section II 

is the presentation of the proposed structure. 

Fragment III portrays the condition of the 

issue to be progressed. The power stream 

organization topology is presented in 

Section IV, including both of the change 

stages. The logical investigation for the 

proposed system nearby its reenactment 

results are showed up in Section IV. Portion 

V shows the exploratory results persistently 

conditions while the paper is shut in Section 

VI. 

2. SYSTEM PRESENTATION 

The PV/battery hybrid system studied in this 

paper is shown in Fig. 1. The PV string, 

battery storage, the EV load, and any other 

auxiliary loads are connected to the DC link 

through their individual DC/DC converters. 

The electric grid is connected to the DC link 

through a bi-directional AC/DC converter as 

shown in Fig. 1. The battery storage DC/DC 

converter is another bi-directional power 

electronic interface in the system to allow 

smooth operation in battery charging and 

discharging modes. Batteries are used in the 

system to allow for peak shaving, which 

enables the reduction in the system running 

cost.  

The battery power is assumed to be positive 

during discharging and negative while it is 

being charged. The load power (𝑃𝐿) is the 

summation of the EVs load and the auxiliary 

station loads. In this paper, the load power 

(𝑃𝐿) is always positive as the EVs don’t 
supply power back to the grid nor to the 

battery storage. The grid power is positive 

when the grid is supplying the station loads, 

while it’s negative when the grid is fed from 

the on-site sources. The PV power is always 

controlled to track the maximum power 

point and the load power is always desired 

to be supplied. 

 
Figure.1 The overall configuration of the 

hybrid system. 

The first stage in the system operation is the 

collection of the forecasting data. This data 

comprises of the weather conditions which 

directly impacts the available power from 

the PV, the historical data which is used to 

predict the EV loading, and statistical or 

simulation models that are utilized for 

accurate forecasting of the grid tariff. 

Although, the determination of the 

forecasted grid tariff is not discussed in 

details in the scope of this paper, but few 

topologies found in the literature can be 

applicable. In, the authors proposed a 

combination of fuzzy interference system 

and least squares estimation to improve the 
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short-term forecasting performance. Serving 

the same purpose, an adaptive wavelet 

neural network is proposed in. While the 

authors in accounted for the aggregate 

customer reactions to electricity prices to 

develop a hybrid forecasting topology in a 

dynamic framework. A block diagram of the 

required forecasting data is shown in Fig. 2. 

In the studied system, a day-ahead 

scheduling is performed to optimize the 

PV/battery commitment and dispatch. Thus, 

the forecasting data are collected for 24 

hours ahead. Clearly, in order to implement 

the aforementioned grid tariff forecasting 

methods, the market type of the power 

industry governing the proposed system 

should be defined. The auction market is 

chosen in this study over the bilateral market 

to provide a higher degree of competition 

between the generators in decreasing the 

cost. In this market, the generators submit 

their bids to a centralized agent that 

determines the final price and the winning 

generator. This information is used as the 

updated grid tariff for the proposed system. 

The proposed system can work with any 

kind of operator, whether an independent 

system operator (ISO) or a regional 

transmission organization (RTO). The grid 

tariff is updated once an hour in the case 

study for this paper which can be adjusted 

according to the frequency of the interaction 

between the system and the ISO or RTO.  

The PSO optimization is considered to be a 

predictive upper-level optimization stage 

where the optimization is taking place based 

on a pre-known data from the forecasts. In 

the PSO, the battery SOC scheduling is 

assigned for every hour during a 24- hour 

horizon to achieve the minimum running 

cost for the system. Then, the PSO can be 

performed on an hourly basis if the 

forecasting data deviates from the online 

measured data from the PV source, the load, 

and the grid. The optimal SOC assignment 

provided from the upper-level optimization 

is used as an input to the dynamic 

programming online optimization. Thus, the 

dynamic programming is computed only 

within the SOC limits specified at the upper 

level rather than all possible SOC levels. 

The DP is used as an online optimization 

tool where it is computed for every hour and 

then updated instantaneously based on the 

system real measurements. Thus, the 

dynamic programming is capable of 

applying error compensation based on the 

system measurements received and their 

deviation from the forecasting data used in 

the upper optimization level. The required 

system measurements are the PV output 

power ( ), the load current power (𝑃𝐿), the 

measured battery SOC, and the updated grid 

tariff (GT).  

The hybrid system 

power equations 

can be represented 

as follows: 𝑃𝑏(𝑡) 
= 𝑃𝐿(𝑡) − 𝑃𝑝𝑣(𝑡) 
− 𝑃𝐺 (𝑡)  

(1)  

𝑆𝑂𝐶(𝑡) = 𝑆𝑂𝐶(𝑡 − 
Δ𝑡) − 𝑃𝑏(𝑡)Δ𝑡𝑄 

(2)  

where𝑃𝐺 (𝑡) is the grid supplied power at 

time 𝑡, 𝑄 is the battery full capacity at the 

time of power exchange, and Δt is the time 
interval.  
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Accordingly, 𝑃𝑏 (𝑡) is considered to be 

positive while supplying power to the loads 

and negative while being charged from the 

PV source or the grid. The system operation 

is constrained by the following limits.  

The constraints imposed by Eqns. 3 and 4 

are set to decrease the battery aging, while 

Eqn. 5 is set to limit the permitted power 

from the grid according to the transmission 

line and the distribution transformer ratings. 

 
Figure.2 Forecasting data block diagram. 

 
2.1 Renewable Energy 

 These sources are continuously from 

the natural processes. Most of the renewable 

energy comes either directly or indirectly 

from sun and wind and can never be 

exhausted therefore they are called 

renewable energy. The various forms of 

renewable energy are, 

 
Figure.3 Renewable data block diagram. 

Solar Energy: Solar Energy is the energy 

received by the earth from the SUN. Sun is 

virtually an unlimited source of energy and 

free of cost. Solar energy provides heating, 

lighting, cooking and electricity for 

households. It is the primary source of all 

energy forms on the earth. Techno powers 

which have been developed to make full use 

of solar energy. It can be utilized through 

two different routes, as Solar Thermal 10 

energy and Solar Photovoltaic energy. Solar 

thermal energy can be used for heating for 

water and air, cooking, drying materials etc. 

Solar Photovoltaic energy can be used as 

electricity for lighting home and building, 

running motors, pumps etc. solar energy is 

an environmentally friendly energy source 

that does not cause any  

2.2 GRID 

This section presents the literature 

review in the different areas of the present 

research work along with the limitations in 

the existing work and how it is overcome in 

proposed research work.  

2.2.1 Off-Grid Hybrid PV-Wind System 

Isolated renewable energy systems 

that is based fully on renewable resources, 

but at the same time reliable is necessary for 

meeting the power demands of remote 

places, where utility grid is not available and 

for which hybrid wind-solar systems plays a 

crucial role (Honorati et al. 1996; Borowy et 

al. 1997; Kim et al. 1997; Kurosumi et al. 

1998). Most of the small wind turbines used 

in the hybrid systems employs a permanent 

magnet synchronous generator (PMSG) 

(Grantham et al. 1989; Leidhald et al. 2002; 

Haque et al. 2010; Orlando et al. 2013; 
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Shariatpanah et al. 2013). PMSG is very 

costly when compared to a cost effective 

and rugged induction generator. However 5 

despite of its advantages, the induction 

generators (IG) are not used in off grid 

systems due to its reactive power 

requirement which it normally derives from 

grid in case of a grid connected system. 

Squirrel cage induction generator (SCIG) is 

robust, inexpensive, requires little 

maintenance and possess higher power-

weight ratio over PMSG and much cheaper 

than PMSG, would be a desirable choice for 

a remote stand alone application. But despite 

these advantages, wind-driven capacitor-

excited induction generators are not 

preferred in remote power systems due to 

their unsatisfactory voltage regulation and 

frequency variation. 

To overcome the aforementioned problem, 

in the present work, a simplified control 

scheme has been presented for a stand-alone 

hybrid photovoltaic (PV) array-excited wind 

driven SCIG considering a three phase 

variable load with or without unbalance. The 

proposed scheme exploits the rugged and 

cost-effective IG as a viable alternative for 

an expensive PMSG which is invariably 

used in small wind turbines. In the present 

scheme the reactive power required by the 

IG is provided by the PV fed inverter. The 

real power requirement of the load is shared 

by PV, SCIG and battery, while the reactive 

power requirement of the load and SCIG is 

met by the PV fed inverter. In order to 

exploit the advantages of IG as well as to 

overcome its limitations, hybrid system 

employing a dc-dc converter fed 3-phase 

Voltage Source inverter (VSI) as power 

interface stage, battery charged by solar 

photo voltaic cells and the PV excited 

Induction Generator driven by wind have 

been reported in the literature (Arul Daniel 

&AmmasaiGounden 2004). The three phase 

Load, output of IG and output of the VSI 

forms a Point of Common Coupling (PCC). 

2.2.1.1 Limitations in the Existing 

Solution  

This hybrid scheme (Arul Daniel 

&AmmasaiGounden 2004) can operate to 

supply the required load even in the absence 

of battery (Arutchelvi& Arul Daniel 2006). 

However in this work, a fixed resistive load 

has been considered for the controller design 

as well as unbalance in load has not been 

considered. Further to this, hybrid scheme 

based on PV and IG reported in the literature 

(Hossain et al. 2015; Rupesh et al. 2015), 

need a utility grid for its operation. In the 

proposed work, a simplified control scheme 

for battery and battery less mode operation 

has been developed for a PV fed Boost 

Converter fed Inverter excited wind driven 

IG scheme (PVEWIG) to extract maximum 

power from the PV and regulate the inverter 

DC link in the absence of battery. In this 

scheme, a three phase variable resistive as 

well as inductive load with or without 

unbalance has been considered.  

The proposed controller ensures 

voltage regulation of DC link and improves 

the power quality parameters at PCC under 

varying irradiation, temperature of PV array 

and wind speed variation in the wind 

generator. A cascaded proportional integral 

plus sliding mode controller (PI-SMC) has 
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been used for voltage regulation of dc-dc 

converter in the battery less mode of 

operation. A new time domain method based 

on energy factor (Luo& Small 2007) has 

been proposed for the design of 

proportional-integral (PI) control parameters 

used in the cascaded PI-SMC control 

specifically for a PV application where the 

variation in the input of dc-dc converter is 

very high. The proposed scheme has been 

implemented in hardware using a 2.4 kW 

PV array and a 2.25 kW Wind turbine 

emulator driven SCIG. Extensive field test 

has been performed using a 2.4 kW PV 

panels, 2.2 kW Wind turbine emulator and 

weather stations for performance evaluation. 

The validation results have been presented 

which 7 shows the proposed scheme is 

expected to be an attractive solution for 

remote application where utility grid is 

either not feasible or not economical. 

2.2.2 Grid Tied PV System 

Feeding power to the distribution 

grid, from renewable sources like PV, fuel 

cells etc ranging from 1 kW to several MW, 

has become operational in many countries. 

Different kind of grid interfaces has been 

already in use and still lot of research are on 

in this area. PV solar is turning out to be one 

of the attractive renewable sources used as a 

distributed generator. The grid interfaces is 

essentially a power electronic inverter along 

with its associate control circuitry, though 

there are several other related topologies 

with inverter as a main component. The 

unique feature of the PV fed inverter is that, 

the same inverter can be operated as a static-

compensator (STATCOM) during night 

times for reactive power compensation to 

the grid (Varma et al. 2011; Varma et al. 

2012; Paul 2014). Also with the increasing 

implementation of PV systems, it is 

becoming a promising idea to use the PV 

inverter as an active filter, for performing 

additional ancillary functions like harmonic 

compensation, power factor correction 

(Yeong-Chau et al. 2003; Tsai-Fu et al. 

2005; Tsai-Fu et al. 2007; Tzung-Lin et al. 

2009; Xianwei et al. 2013; Colin 2014). The 

other significant part in the grid interface is 

the control algorithm used for synchronizing 

the inverter with the grid and facilitating 

maximum possible power flow from the DC 

link of the inverter. Normally this control 

algorithm consists of two stages, the first 

one is the reference current generation stage 

followed by a current control stage. 

2.2.2.1 Current Control Techniques for 

Grid Tied PV Inverter 

The present work deals about the 

current control technique used for a grid 

interfacing inverter. Several current control 

techniques employed for 8 grid connected 

inverter has been reported in the literature 

(David et al. 1985; Marian et al. 1998; 

Hosein et al. 2006; Guoqiao et al. 2008; 

Shuitao et al. 2011). As reported by a 

survey, some of the widely used current 

control strategies are linear current 

controllers, hysteresis controller and digital 

dead beat controller for a three phase 

voltage source inverter (Marian et al. 1998; 

Simone et al. 1998). The survey also states 

that hysteresis controller exhibits superior 

performance especially for active filter 

application (Simone et al. 1998), which has 
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the advantage of robustness and fast 

dynamic response while it has a 

disadvantage of variable as well as high 

switching frequency. One of the commonly 

used linear controllers for distributed 

generation application as stated by a survey 

(Holmes et al. 2009) such as a PI current 

controller suffers from large steady state 

tracking error. However, though this 

tracking error could be minimized by 

increasing the bandwidth, but that will push 

the system towards their stability limits 

(Shuitao et al. 2011). The PI controller also 

possesses the drawback of poor dynamic 

response, disturbance rejection capability 

and requires accurate tuning to suit grid 

parameters (Hossein et al. 2006; Guoqiao et 

al. 2008). The current control technique used 

in a grid tied PV inverter must exhibit fast 

dynamic response, if it has to perform the 

role of active filter apart from feeding real 

power. Even for a STATCOM operation for 

controlling local grid voltage, fast dynamic 

response becomes essential to achieve 

minimum voltage recovery time (Yasser et 

al. 2009). Further it is desirable, (though not 

essential) to have fast dynamic response 

while injecting real power to the grid to cope 

up with power delivery requirement (Carl et 

al. 2009). It is obvious that these grid 

interfacing inverters should have very high 

efficiency, for which the current control 

strategy which ultimately produces the gate 

pulses to the inverter, plays a crucial role. 

Also the current control strategy should 

ensure that the injected grid current 

complies with the existing grid codes 

especially on harmonic limits. 9 The present 

work explores the possibility for the 

application of hysteresis controller in a grid 

tied transformer less PV inverter, for 

transacting real, reactive and harmonic 

power, by exploiting its advantage of 

simplicity, robustness and fast dynamic 

response, as well as proposes a solution to 

overcome the drawback of variable 

switching frequency. 

2.2.2.2 Limitations in the Existing 

Constant Frequency 

Hysteresis Current Controller 

Several constant frequency hysteresis 

controllers have been already reported in the 

literature (Sepe 1990; Bose 1990; Malesani 

et al. 1996; ChingTsai et al. 2004; Pereira et 

al. 2007; Vincent et al. 2009; Carl et al. 

2009). Though several techniques have been 

reported already, most of them are very 

complex to implement with more 

computational burden making it not suitable 

for real practice. In all the existing schemes 

the successful operation of the advanced 

control techniques need highly accurate 

measurement and feedback system, high 

speed processors with deep memory to meet 

the computational burden, and in some cases 

additional circuitries. In all the existing 

constant switching frequency techniques the 

drawback of conventional technique is 

eliminated at the cost of simplicity in 

implementation. The present work proposes 

a simple method which exploits all the 

advantages of conventional hysteresis 

controller but overcomes the major 

drawback which is variable and high 

switching frequency without compromising 

any of the advantages mainly the simplicity 
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and robustness. The proposed method 

employs a constant sampling frequency; it 

has been shown that by appropriate selection 

of this sampling frequency the switching 

frequency is limited to one half of the 

sampling frequency and remains constant at 

that value throughout. No extensive 

calculation is involved in finding the 

variable bandwidth, but rather bandwidth 

changes as a natural consequence of 

selecting suitable constant sampling 

frequency. Also the 10 maximum current 

ripple could be limited at desirable values. 

The design of the proposed control scheme 

has been discussed in detail which finally 

gives simple algebraic expressions for 

selection of sampling frequency with an 

objective to achieve the desired performance 

indices which is current ripple and current 

error. The other important performance 

indices % current Total Harmonic Distortion 

(THD) is also achieved and complies with 

IEEE 1547-2003. Analytical proof is 

presented for the switching frequency to 

remain constant, without compromising on 

the performance indices. The design 

considering the stability of the proposed 

controller, for a grid connected inverter has 

been presented in this work, along with 

simulation results. The application of the 

proposed controller for a grid tied PV-

STATCOM application is successfully 

implemented in a 2.4 kW grid tied PV 

system. The PV grid interface has been 

tested for all the three modes of operation 

that included feeding real power, transacting 

reactive power and Active Filter mode of 

operation. The hardware results show the 

grid current harmonics complies with IEEE 

1547. The proposed controller is expected to 

be an attractive solution for distributed 

generation application.  

2.3 Motivation and Objectives of the 

Proposed Research Work 

As mentioned in the previous 

section, considerable population in the 

country still has no access to electricity 

especially in rural areas. Also there is a huge 

power shortage in the urban sector as well. 

The present research work intend to 

contribute in addressing the following two 

broader issues  Providing reliable, cost 

effective off-grid solution where grid isnot 

available 11  Supplementing the urban 

energy crisis with renewable energy 

solutions  

2.3.1 Objectives of the Proposed Research 

Work 

The objectives of the present research work 

are listed below.  Development of SCIG 

based off-grid hybrid PV-wind system o 

Design of controllers for a standalone hybrid 

system based on PV array excited wind 

driven induction generator, feeding a 

reactive as well as non-linear load with or 

without unbalance o Hardware 

implementation of the proposed controller, 

validation, performance evaluations by field 

test  Development of Multifunctional grid 

connected PV system o Design, 

implementation and performance evaluation 

of controllers for the grid connected PV 

system o Testing and Validations of PV 

Grid Interface in all the three modes (i) 

feeding real power to grid (ii) transacting 
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desired reactive power with the grid (iii) 

compensating harmonics. 

2.3.2 Brief Description of the Proposed 

Research Work 

A hybrid system would be more appropriate 

for an off-grid system since the power 

generation depends upon the weather 

condition which is stochastic in nature. In 

the present work, an off-grid hybrid PV-

Wind system has been considered. A power 

electronic interface along with a power 

control unit has been proposed in this work 

for such an off-grid PV-Wind system with 

an objective to provide a regulated three 

phase electrical output under all kind of 

disturbances including varying weather 

conditions as well as load conditions. Also 

the off-grid system would be capable of 

delivering to all kind 12 of load including 

resistive, inductive and non-linear load as 

well as handle unbalance in load. One of the 

unique features in the present work is that a 

squirrel cage Induction generator (SCIG) 

has been used as wind generator which is 

much cheaper than a permanent magnet 

synchronous generator (PMSG), normally 

used in an off-grid wind turbine. The 

proposed power control unit has been 

implemented in hardware and the 

performance evaluation has been done in the 

present research work. The brief description 

and operation of this system is explained in 

the subsequent sections. In the second part 

of the research work, a grid tied PV-system 

is considered. A two stage power electronic 

interface has been employed in the present 

work. A multifunctional power control unit 

for such a system has been proposed in the 

present research work. The proposed grid 

tied PV system will be capable of delivering 

real power to the grid, at any desired power 

factor from 0 to unity, lag as well as lead 

(STATCOM operation), also it can 

compensate for the harmonics injected to the 

grid by the non-linear loads connected at the 

PCC. A new constant frequency hysteresis 

current controller has been proposed and 

implemented for the control of VSI to 

enable all the three modes of operation of 

the PV grid interface (Feeding real power, 

STATCOM, Active Filter).The proposed 

power control unit has been implemented in 

hardware and the performance evaluation 

has been done in the present research work. 

The brief description and operation of the 

proposed grid tied PV system is explained in 

the subsequent sections. At the end of the 

research work, the application of the 

proposed power control unit along with the 

power electronic interface employed in the 

PV-grid interface has been used in 

altogether different area as an energy 

conservation device. A new method has 

been proposed to conduct a load test of any 

electrical equipment like DC/AC generators, 

transformers, 13 UPS etc. Normally such 

load tests are conducted in education sectors 

in laboratory as well as during new product 

development. Normally resistive load banks 

are employed for such load tests where the 

electrical energy is simply wasted as heat. In 

the present work a new method has been 

proposed to conduct a load test of any 

electrical equipment without wasting the 

electrical energy.  
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2.4 A New Application for a Power 

Electronic Interface used in a Grid Tied 

Distributed 

The concept of feeding power to the 

distribution grid by the consumers has been 

extended to an entirely new area, where the 

concept is utilized for energy conservation 

by bulk electrical consumers of certain 

industrial sector. A patent has been filed 

based on this work. Electrical apparatus 

including electrical machines like 

generators, transformers and the present day 

power electronic apparatus like 

uninterrupted Power supply (UPS), are well 

known and widely used for providing 

electrical power to the consumers. These 

equipments like generators, transformers, 

UPS need to undergo electrical load test 

during their developmental stage to assess 

their electrical as well as thermal 

performance. These tests are conventionally 

carried out using resistive load banks, where 

the electrical energy is simple wasted in the 

form of heat dissipation. Further the load 

bank is of huge size and needs proper 

arrangement for heat dissipation and cooling 

arrangement. The electrical load test finds 

place even beyond the developmental stage 

for equipments like DC and AC generators, 

which is widely used in laboratories of 

engineering colleges, for academic purposes. 

The quantum of load test and the amount of 

electrical energy that are spent in carrying 

out the 14 load test in these EUT‟s 
(equipment under test) are huge, since the 

number of engineering colleges in country 

like India is huge. The estimated energy 

wastage during the performance of such 

experiments is found to be exceeding one 

million units per annum, considering all the 

Academic Engineering institutions in India. 

One of the other major equipment presently 

used across wide spectrum is UPS. One of 

the important tests during the development 

cycle of the UPS is the temperature rise test. 

These tests are carried out for several hours 

till the temperature of the EUT at various 

critical points reaches steady state. A rough 

estimate based on the UPS market survey, 

the energy consumed in performing these 

thermal tests for the UPS is around 80 

million units per year. In view of the 

foregoing considerations, it is desirable to 

provide a device and method to conduct the 

load test in electrical apparatus without 

wasting the electrical energy spent on it in 

the form of heat in the load. A solution for 

the aforementioned problem has been 

proposed in the present work. 

3. PARTICLE SWARM 

OPTIMIZATION 

In software engineering, molecule swarm 

advancement (PSO) is a computational 

technique that streamlines an issue by 

iteratively attempting to enhance an 

applicant arrangement with respect to a 

given measure of value. It tackles an issue 

by having a populace of applicant 

arrangements, here named particles, and 

moving these particles around in the pursuit 

space as per straightforward scientific 

formulae over the molecule's position and 

speed. Every molecule's development is 

affected by its neighborhood best known 

position, but at the same time is guided 

toward the best known positions in the hunt 
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space, which are refreshed as better 

positions are found by different particles. 

This is relied upon to push the swarm 

toward the best arrangements.  

PSO is initially credited to Kennedy, 

Eberhart and Shi and was first proposed for 

mimicking social behaviour,as an adapted 

portrayal of the development of creatures in 

a winged animal rush or fish school. The 

calculation was improved and it was seen to 

perform enhancement. The book by 

Kennedy and Eberhart portrays numerous 

philosophical parts of PSO and swarm 

knowledge. A broad overview of PSO 

applications is made by Poli. As of late, an 

extensive audit on hypothetical and trial 

deals with PSO has been distributed by 

Bonyadi and Michalewicz.  

PSO is a metaheuristic as it makes few or no 

presumptions about the issue being 

enhanced and can look substantial spaces of 

applicant arrangements. Notwithstanding, 

metaheuristics, for example, PSO don't 

ensure an ideal arrangement is ever found. 

Additionally, PSO does not utilize the slope 

of the issue being upgraded, which implies 

PSO does not necessitate that the 

enhancement issue be differentiable as is 

required by exemplary advancement 

techniques, for example, inclination 

plummet and semi newton strategies. A 

fundamental variation of the PSO 

calculation works by having a populace 

(called a swarm) of applicant arrangements 

(called particles). These particles are moved 

around in the inquiry space as indicated by a 

couple of straightforward formulae. The 

developments of the particles are guided by 

their own particular best referred to position 

in the hunt space and in addition the whole 

swarm's best known position. At the point 

when enhanced positions are being found 

these will at that point come to manage the 

developments of the swarm. The procedure 

is rehashed and by doing as such it is 

trusted, yet not ensured, that an acceptable 

arrangement will in the long run be found. 

Formally, let f: ℝn → ℝ be the cost work 

which must be limited. The capacity accepts 

a hopeful arrangement as a contention as a 

vector of genuine numbers and delivers a 

genuine number as yield which shows the 

target work estimation of the given applicant 

arrangement. The angle of f isn't known. 

The objective is to discover an answer a for 

which f(a) ≤ f(b) for all b in the pursuit 
space, which would mean an is the 

worldwide least. Augmentation can be 

performed by considering the capacity h = - 

finstead.  

Give S a chance to be the quantity of 

particles in the swarm, each having a 

position xi ∈ℝn in the inquiry space and a 

speed vi ∈ℝn. Give pi a chance to be the 

best known position of molecule I and let g 

be the best known position of the whole 

swarm. A fundamental PSO calculationis 

then:[9] 

for each particle i = 1, ..., Sdo 

   Initialize the particle's position with a 

uniformly distributed random vector: xi ~ 

U(blo, bup) 

https://en.wikipedia.org/wiki/Particle_swarm_optimization#cite_note-clerc12spso-9
https://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
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   Initialize the particle's best known position 

to its initial position: pi ← xi 

iff(pi) <f(g) then 

update the swarm's best known  position: g 

← pi 

   Initialize the particle's velocity: vi ~ U(-

|bup-blo|, |bup-blo|) 

while a termination criterion is not met do: 

for each particle i = 1, ..., Sdo 

for each dimension d = 1, ..., ndo 

         Pick random numbers: rp, rg ~ U(0,1) 

         Update the particle's velocity: vi,d ← ω 
vi,d + φprp (pi,d-xi,d) + φgrg (gd-xi,d) 

      Update the particle's position: xi ← xi + 

vi 

iff(xi) <f(pi) then 

         Update the particle's best known 

position: pi ← xi 

iff(pi) <f(g) then 

            Update the swarm's best known 

position: g ← pi 

 

The values blo and bup are respectively the 

lower and upper boundaries of the search-

space. The termination criterion can be the 

number of iterations performed, or a 

solution where the adequate objective 

function value is found. The parameters ω, 
φp, and φg are selected by the practitioner 

and control the behaviour and efficacy of the 

PSO method, see below. 

 

Figure.32 Performance landscape showing 

how a simple PSO variant performs in 

aggregate on several benchmark problems 

when varying two PSO parameters.  

The decision of PSO parameters can largy 

affect streamlining execution. Choosing 

PSO parameters that yield great execution 

has in this manner been the subject of much 

research. The PSO parameters can likewise 

be tuned by utilizing another overlaying 

enhancer, an idea known as meta-

improvement, or even calibrated amid the 

streamlining, e.g., by methods for fluffy 

rationale. Parameters have additionally been 

tuned for different improvement situations.  

The topology of the swarm characterizes the 

subset of particles with which every 

molecule can trade data. The essential form 

of the calculation utilizes the worldwide 

topology as the swarm correspondence 

structure.[10] This topology enables all 

particles to speak with the various particles, 

accordingly the entire swarm share a similar 

best position g from a solitary molecule. Be 

that as it may, this approach may lead the 

https://en.wikipedia.org/wiki/Particle_swarm_optimization#Parameter_selection
https://en.wikipedia.org/wiki/File:PSO_Meta-Fitness_Landscape_(12_benchmark_problems).JPG
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swarm to be caught into a neighborhood 

least, along these lines diverse topologies 

have been utilized to control the stream of 

data among particles. For example, in 

nearby topologies, particles just offer data 

with a subset of particles.This subset can be 

a geometrical one[30] – for instance the m 

closest particles – or, all the more regularly, 

a social one, i.e. an arrangement of particles 

that isn't relying upon any separation. In 

such cases, the PSO variation is said to be 

nearby best (versus worldwide best for the 

essential PSO). A regularly utilized swarm 

topology is the ring, in which every 

molecule has only two neighbors, however 

there are numerous others.The topology isn't 

really static. Truth be told, since the 

topology is identified with the assorted 

variety of correspondence of the 

particles,some endeavors have been done to 

make versatile topologies (SPSO, stochastic 

star, TRIBES, Cyber Swarm and C-PSO). 

There are a few schools of thought with 

respect to why and how the PSO calculation 

can perform enhancement. A typical 

conviction among scientists is that the 

swarm conduct changes between exploratory 

conduct , that is, looking through a more 

extensive area of the hunt space, and 

exploitative conduct , that is, a privately 

arranged pursuit in order to draw nearer to a 

(perhaps nearby) ideal. This school of 

thought has been common since the 

initiation of PSO .This school of thought 

battles that the PSO calculation and its 

parameters must be picked in order to 

legitimately adjust amongst investigation 

and abuse to stay away from untimely 

merging to a neighborhood ideal yet still 

guarantee a decent rate of meeting to the 

ideal. This conviction is the forerunner of 

numerous PSO variations, see underneath.  

Another school of thought is that the 

conduct of a PSO swarm isn't surely knew 

as far as how it influences genuine 

enhancement execution, particularly for 

higher-dimensional hunt spaces and 

advancement issues that might be 

intermittent, uproarious, and time-changing. 

This school of thought just attempts to 

discover PSO calculations and parameters 

that reason great execution paying little heed 

to how the swarm conduct can be 

deciphered in connection to e.g. 

investigation and misuse. Such examinations 

have prompted the rearrangements of the 

PSO calculation, see underneath. 

Convergence 

In connection to PSO the word merging 

ordinarily alludes to two unique definitions:  

• Convergence of the succession of 

arrangements (otherwise known as, security 

investigation, meeting) in which all particles 

have united to a point in the hunt space, 

which could conceivably be the ideal,  

• Convergence to a neighborhood ideal 

where every single individual best p or, then 

again, the swarm's best known position g, 

approaches a nearby ideal of the issue, 

paying little mind to how the swarm carries 

on.  

Merging of the succession of arrangements 

has been examined for PSO. These 

examinations have brought about rules for 
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choosing PSO parameters that are accepted 

to make meeting a point and avert difference 

of the swarm's (particles don't move 

unboundedly and will focalize to some 

place). Notwithstanding, the examinations 

were condemned by Pedersen for being 

misrepresented as they accept the swarm has 

just a single molecule, that it doesn't utilize 

stochastic factors and that the purposes of 

fascination, that is, the molecule's best 

known position p and the swarm's best 

known position g, stay steady all through the 

improvement procedure. In any case, it was 

demonstrate that these rearrangements don't 

influence the limits found by these 

examinations for parameter where the 

swarm is focalized. Meeting to a nearby 

ideal has been dissected for PSO in and. It 

has been demonstrated that PSO require 

some adjustment to ensure to locate a nearby 

ideal.  

This implies deciding union abilities of 

various PSO calculations and parameters 

accordingly still relies upon exact outcomes. 

One endeavor at tending to this issue is the 

advancement of a symmetrical learning 

procedure for an enhanced utilization of the 

data officially existing in the connection 

amongst p and g, in order to shape a main 

merging model and to be compelling with 

any PSO topology. The points are to 

enhance the execution of PSO in general, 

including quicker worldwide merging, 

higher arrangement quality, and more 

grounded power. Be that as it may, such 

examinations don't give hypothetical 

confirmation to really demonstrate their 

cases. 

Biases 

As the essential PSO works measurement by 

measurement, the arrangement point is 

simpler discovered when it lies on a pivot of 

the inquiry space, on a corner to corner, and 

considerably less demanding on the off 

chance that it is spot on the middle. One 

approach is to adjust the calculation with the 

goal that it isn't any more touchy to the 

arrangement of directions. Note that a 

portion of these techniques have a higher 

computational unpredictability (are in 

O(n^2) where n is the quantity of 

measurements) that make the calculation 

moderate for substantial scale enhancement. 

The main as of now existing PSO variation 

that isn't delicate to the revolution of the 

directions while is locally concurrent has 

been proposed at 2014. The strategy has 

demonstrated a decent execution on 

numerous benchmark issues while its 

revolution invariance and neighborhood 

joining have been numerically 

demonstrated. 

Variants 

Various variations of even an essential PSO 

calculation are conceivable. For instance, 

there are diverse approaches to instate the 

particles and speeds (e.g. begin with zero 

speeds rather), how to hose the speed, just 

refresh pi and g after the whole swarm has 

been refreshed, and so on. A portion of these 

decisions and their conceivable execution 

affect have been talked about in the writing. 

4. POWER FLOW 

OPTIMIZATION 

The target of characterizing the streamlining 

issue is to limit the day by day running 



 

Vol 08 Issue01, Jan 2019                                         ISSN 2456 – 5083 Page 51 

 

expense of the framework with ideal battery 

control booking. The strategy used to 

understand the streamlining issue will be 

picked by the idea of the issue, the quantity 

of factors and vulnerabilities, the required 

calculation time, the coveted precision, and 

the requirement for blunder remuneration 

(responsive administration). Probably the 

most widely recognized enhancement 

techniques utilized for control stream 

administration are appeared in Fig. 7.  

One of the easiest techniques utilized for 

unit duty booking is need strategy or govern 

based technique. This strategy makes a need 

list in light of some pre-characterized 

principles and after that execute the 

rundown while taking the booking choice. 

Despite the fact that, this technique gives a 

basic methods for battery booking while at 

the same time assigning low memory, 

however the arrangement of this strategy 

isn't ideal. This element debases the general 

productivity of the framework which 

prompts a higher running expense.  

Straight programming has been utilized in 

the writing in unit duty booking issues. 

Straight programming bargains just with 

directly figured issues which are not by and 

large the situation with the transient 

planning issues. Along these lines, blended 

whole number direct programming (MILP) 

is presented and utilized with nonlinear 

issues detailed in straight shape, which 

makes discrete esteem factors. The primary 

impediment of this strategy is the 

requirement for issue linearization, which 

may cause the loss of some issue attributes. 

Furthermore, this technique requires the 

utilization of a particular scientific solver. 

LP and MILP are additionally not 

appropriate contender for online mistake 

remuneration.  

Quadratic writing computer programs is 

once in a while alluded to as Lagrangian 

unwinding technique. It has been effectively 

actualized on unit responsibility issues. The 

primary favorable position of Lagrangian 

unwinding is its quantitative measure of the 

arrangement. In any case, this strategy is for 

the most part reasonable to warm units' 

responsibility because of its quadratic 

nature. Also, a few improvements may 

should be connected to the target capacity to 

make it curved or sunken, which may 

influence the arrangement possibility of the 

streamlining issue.  

DP is a diagram based method that takes the 

most brief way between two focuses. This 

strategy can be connected to any nature of 

capacities with the capacity for responsive 

administration. The fundamental 

disadvantage of dynamic writing computer 

programs is the need to discretize the 

framework states into steps. This requires a 

high required memory and may influence 

the calculation time for since quite a while 

ago examined periods.  

Heuristic techniques are for the most part 

utilized with nonlinear target capacities or 

requirements while measuring the ideal 

arrangement could be repetitive. The 

fundamental weakness of these strategies is 

the since quite a while ago required 

calculation time that outcomes from the 

need to run the program for various cycles 

until the point that the ideal arrangement is 
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accomplished. Along these lines, heuristic 

strategies are not appropriate for online 

streamlining and responsive administration.  

Hereditary calculations (GA) is a standout 

amongst the most encouraging iterative 

improvement techniques in which the 

calculation mirrors the procedure of regular 

choice to achieve the ideal arrangement. The 

calculation begins by setting an irregular 

number of information focuses (populace) 

and after that runs a specific number of 

cycles (ages) to enhance the goal work 

(wellness work). GA is utilized in to 

understand the financial task of an 

independent miniaturized scale grid 

framework. Molecule swarm advancement 

(PSO) is another broadly utilized heuristic 

enhancement strategy in control frameworks 

unit duty issues. In, PSO was joined with 

Lagrange unwinding to take care of the unit 

duty issue where PSO is utilized for the 

ideal setting of Lagrange multipliers. PSO is 

utilized to take care of the power stream 

administration issue in and the creators 

inferred that PSO is more effective in such 

an application contrasted with GA.  

Thus, a double layer improvement technique 

is proposed in this investigation to tackle the 

power stream issue. The principal layer is a 

disconnected layer that uses multi day ahead 

guaging way to deal with doling out the 

battery SOC booking for the duration of the 

day. PSO enhancement is decided for this 

layer because of its effectiveness and high 

precision. In spite of the fact that PSO 

experiences high calculation time, however 

that issue can be securely disregarded as the 

improvement is performed disconnected. 

Another power stream administration layer 

is presented in this examination for online 

task and mistake pay. DP is the picked 

strategy for the online enhancement because 

of the two its dynamic capacity and the non-

direct structure of the defined issue in. The 

mix between the PSO and the DP brings 

about lessening the disadvantages associated 

with the DP online improvement. That is 

done as DP works for moderately brief time 

interims inside certain SOC limits that are 

doled out from the disconnected 

advancement.  

The decrease in the framework running 

expense is accomplished through the 

methods for top shaving utilizing guage 

information nearby with the solid activity of 

the battery pack in the proposed framework 

so as to broaden its lifetime.  

In the accompanying subsections, the 

utilization of the disconnected PSO and the 

online DP stages are progressively clarified.  

A. Disconnected Predictive Optimization 

Stage (PSO)  

A disconnected enhancement procedure is 

wanted to be utilized in the examined 

framework to accomplish an ideal battery 

booking in view of the guaging information. 

As appeared in, the target work is non-direct 

and non-quadratic; therefore, straight 

programming and quadratic based strategies 

(e.g., Lagrangian unwinding, inclination 

strategy) are not appropriate for the 

improvement issue of enthusiasm for this 

investigation. Here, PSO is utilized as a well 

demonstrated heuristic streamlining 

apparatus to locate the ideal planning.  
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The PSO is connected to the improvement 

issue to locate the ideal battery SOC esteems 

all through the assessed day and age { 

}|𝑡=1,2,… ,𝐾. The day and age in the 

calculation is been 24 hours, with an interim 

of 60 minutes. The populace for the PSO 

calculation comprises of 𝑁𝑝 vectors of 

particles, i.e., 𝑞 = 1,2, … , 𝑁𝑝, as every 

vector characterizes an arrangement of the 

battery SOC amid the assigned era, while 

each molecule speaks to the battery SOC 

esteem for one hour time interim.  

The target work is appeared in, the issue 

limitations are appeared in (1-5), the battery 

parameters (limit, capital cost, warm model, 

and fitting factors), the PV anticipated 

power and the heap estimated request are 

altogether utilized as contributions to the 

PSO. In light of these sources of info, the 

executed PSO scans the ideal SOC esteems 

for the 24 hours, i.e., 𝑆𝑂𝐶1, 𝑆𝑂𝐶2, … , 𝑆𝑂𝐶𝐾 , with the end goal that 𝐾 = 24. This 

is done in the accompanying way. The PSO 

is introduced with a populace of arbitrary 

answers for the SOC assignments for each 

one hour time interim of multi day. The 

SOC assignments are utilized in the 

framework progression to ascertain the 

framework factors at every interim. The 

framework factors required for the cost 

investigation are the battery control, the grid 

control, the battery temperature, the battery 

lifetime at the momentary power, the normal 

SOC, and the DOD. The framework factors 

are utilized in the cost capacities appeared in 

(8, 11-14) to produce the cost associated 

with the arrangement of SOC esteems, { 

}|𝑡=1,2,… ,𝐾 . The produced cost is then 

nourished back to the PSO calculation. This 

task proceeds for a few cycles and the 

situation of the particles are refreshed at 

every emphasis in light of the neighborhood 

and worldwide ideal arrangements. The 

arrangement of the doled out SOCs that 

gives the base worldwide cost is thought to 

be the ideal arrangement. The enhancement 

procedure is appeared in Fig. 8. The ideal 

vector of SOC assignments at each interim 

of time are utilized as SOC limits for the 

following layer of streamlining as appeared 

in the following subsection. 

 
Figure.33 PSO block diagram to optimize 

the system running cost. 

B. Online Optimization Stage (DP) 

 
Figure.34  Batteries SOC space 

example for DP. 

The reason for the DP is to deal with the 

framework control stream over brief time 

interims with thought to as far as possible 

indicated by the PSO and to adjust for the 

advancement blunders when the framework 

estimations go amiss from the guage 

information. The utilization of the DP in this 

stage lessens its beforehand specified 
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shortcoming as it just works on brief time 

interims inside couple of state choices 

constrained here by the ideal SOC vector 

gave from the forecast layer.  

Therefore, a SOC obliged structure is 

utilized in this layer for the DP organize. 

The DP activity over a working interim is 

constrained inside the underlying and the 

last SOC assignments with a specific level 

of opportunity took into account the change 

states between the underlying and the last 

SOC. The opportunity took into account the 

progress states is restricted by the battery 

framework charging and releasing force 

limits. A case of the SOC obliged structure 

is appeared in Fig. 9. It's outlined by the 

case that the conceivable directions are 

altogether restricted because of the prescient 

advancement utilized in the PSO. In this 

case, the ideal SOC assignments are thought 

to be 0.6 at both, the underlying and the last 

states. Therefore, this component takes into 

account less calculation time and littler 

dispensed memory.  

The mistake pay methodology is appeared in 

Fig. 10. It is demonstrated that there are six 

conceivable deviations of the deliberate 

information from the anticipated ones. 

Those deviations influence the choice taken 

in the DP layer by moving as far as possible 

here and there in view of the sort of mistake 

found. For instance, if the refreshed GT is 

lower than the estimated one, as far as 

possible can be expanded to permit higher 

capacity in the batteries. The moving quality 

is corresponding to the blunder esteem, in 

any case, if the mistake surpasses a specific 

farthest point, an alternate strategy is taken 

after as appeared in Fig. 36. 

 
Figure.35 Error compensation procedure in 

the DP stage. 

 
Figure.36 Flowchart of the proposed control 

structure. 

In the error compensation stage, the SOC 

limits are dynamically updated based on the 

error between the measured and the 

forecasted data. This is done in every time 

interval. If the error exceeds a certain limit, 

the program feedback that information to the 

PSO in the prediction layer in order to re-

initialize new optimal SOC settings. A flow 

chart of the proposed control structure and 

the coordination between the two layers is 

shown in Fig. 36. 

5. RESULTS 

The simulation parameters of the case study 

for the proposed hybrid PV/battery system 

are shown in Table 1. The initial cost of the 

battery is determined based on the available 

data of the current EVs Li-ion battery costs 

as shown in. Moreover, the goal of the US 

Department of Energy to cut the prices 

down to $125/kWh by 202 is accounted 
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while setting the initial cost in the 

simulation parameters as shown in Table 1. 

 
A. Case Study I 

The proposed power flow management 

topology has been tested by applying it to a 

case study for a fast electric vehicle 

charging station. The forecasted load profile 

and the PV output power of the charging 

station are shown in Fig. 12 for one full day. 

A dynamic GT is chosen for testing as 

shown in Fig. 13. The PSO has been carried 

out for the full day operation and the 

optimum SOC scheduling is shown in Fig. 

13. The optimal power flow from the battery 

and the grid are shown in Fig. 14. The 

convergence of the system global cost with 

the number of iterations is shown in Fig. 15 

to demonstrate the optimum operating cost 

that the system is providing. The next step 

of the test is to apply the DP in every time 

interval of one hour using time steps of 10 

minutes. For time interval of [5 pm – 6 pm], 

DP results are shown to verify the system 

effectiveness. Figs. 16 and 17 show the 

detailed PV power and load power 

variations through the selected time range. 

The associated battery power flow for the 

optimal operation on the short interval is 

shown in Fig. 18. The SOC values are 

updated accordingly as shown in Fig. 19. As 

seen, the DP adds a further degree of 

optimization and error compensation that’s 

not achievable through offline predictive 

optimization 

It is clear from the shown results that the 

peak load shaving is successfully done at the 

high grid tariff periods (e.g. at 6-8 am in 

Figs. 11-13). This is the main reason that 

helps in increasing the system savings in one 

day of operation. 

 
Figure.37 PV power and load power 

forecasted for one day of operation. 

 
Figure.38Battery SOC scheduling 

and GT for one day of operation. 

 
Figure 39. Optimized battery power 

and grid power for one day of operation. 

 
Figure 40. The convergence of the 

global cost in the PSO problem. 
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B. Case Study II  

The system is then evaluated at the same  , 

same battery pack, while the load power is 

reduced as shown in Fig.20.a. The resultant 

power flow of the system for one day of 

operation is shown in Fig. 20.b. It can be 

observed from Fig. 20 c that the global cost 

is negative indicating a revenue for the 

charging station because of a net power flow 

into the grid.  

Finally, if the load demand is higher than the 

grid capability, the available PV power and 

the storage energy for the desired duration, 

then a load shedding procedure shall be 

followed by limiting the charging rate of the 

EVs. However, the need to apply the load 

shedding indicates that either the system 

forecasts largely deviated from the actual 

conditions or that the system is not designed 

to sustain the operation in all conditions. If 

the forecasts deviate, then the online DP will 

report this information back to the PSO (as 

shown in Fig. 11) so that the PSO can assign 

new SOC variables and decide on the 

maximum power that the system can 

provide. If the system is not initially 

designed to sustain the maximum loading 

conditions, then the PSO will apply the load 

shedding procedure prior to run the system. 

The DP will perform within the assign SOC 

limits commanded by the PSO load 

shedding procedure. However, the amount 

of load shedding is not part of the 

optimization problem as the system is 

always designed to either satisfy the load 

demand or provide the maximum available 

energy from the system during the daily 

operation.  

Although adding a battery degradation cost 

shows the slightly higher daily running cost 

for the system, the insertion of this term 

extends the lifetime of the battery and thus 

decreases the battery replacement cost in the 

long term 

 
Figure 41. PV power measured over one 

hourof operation. 

 
Figure 42. Load power measured over 

onehour of operation. 

 
Figure 43. Battery power optimized over 

one hour of operation. 
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Figure 44. Battery SOC scheduling over 

onehour of operation. 

 
Figure 45. PV power and load power 

forecasted for one day of oper

 
Figure 46. Optimized battery power 

and grid power for one day of operation 

The simulated PV power in Fig. 27 

represents the maximum power that can be 

tracked from the PV array during the time 

interval. It’s clear that the PV converter is 

successfully tracking the maximum power 

point at under rapid variations in the 

insolation level. Lastly, the three converter 

currents along with the DC bus voltage are 

shown in Fig. 28 for the aforementioned 

scenario to demonstrate the stability of the 

system and the constant DC bus voltage at 

different and varying operating conditions. 

 

 
Figure 47. Experimental waveforms 

at the starting conditions for the PV/battery 

grid tied system. 

 
Figure 48. Dynamic grid tariff used 

for the presented scenario during the 

experimental implementation. 

 
Figure 49.The optimized simulated 

and experimental load power scenario 

results 

 
Figure 50.The optimized simulated 

and experimental grid power 

scenario results. 
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Figure 51.The optimized simulated 

and experimental battery power scenario 

results. 

 
Figure 52.Experimental results for 

20s/div (1- Grid converter current, 2 Battery 

converter current, 3- PV converter current & 

4- DC bus voltage). 

6.1 Adaptive Neuro-Fuzzy Interference 

System 

Modify network-based fuzzy inference 

(ANFIS) is a combination of twosoft-

computing methods of ANN and fuzzy 

logic. Fuzzy logic has theability to change 

the qualitative aspects of human knowledge 

and insights into theprocess of precise 

quantitative analysis. However, it does not 

have a defined methodthat can be used as a 

guide in the process of transformation and 

human thought intorule base fuzzy inference 

system (FIS), and it also takes quite a long 

time to adjustthe membership functions 

(MFs) . Unlike ANN, it has a higher 

capabilityin the learning process to adapt to 

its environment. Therefore, the ANN can 

beused to automatically adjust the MFs and 

reduce the rate of errors in the 

determinationof rules in fuzzy logic. This 

section will describe in details of the 

architectureof ANFIS, FISs, and network 

flexibility, and hybrid learning algorithm. 

 

 
Figure 53.Anfis Model Structure 

SIMULATION OUTPUT 

 
 

Figure 53. Simulation Diagram 

 
Figure 54.Simulation Circuit output current 

Waveform 

 
 

Figure 55.Simulation Circuit output power 

Waveform 
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Figure 56.Simulation Circuit output voltage 

Waveform 

 
Figure 57.ANFIS STRUCTURE 

Error tolerance – 0.06, epochs-2000 

Average testing error- 0.059952 

6. CONCLUSION 

A proposed control stream administration 

strategy for PV-battery controlled EV quick 

charging stations is exhibited in this paper. 

The expansive goal of the proposed strategy 

is to help the entrance of the PV/battery 

frameworks into the grid and to help the 

developing need of quick EVs charging 

rates. This is accomplished by ceaselessly 

limiting the framework running expense 

while considering both the dynamic grid 

duties and the battery corruption cost. In like 

manner, a battery debasement cost show is 

introduced which represents the working 

temperature, normal SOC, and the cycle 

DOD. PSO is utilized as a disconnected 

prescient enhancement apparatus to set the 

battery SOC limits as indicated by the PV, 

stack estimate, and the dynamic grid costs. 

An online DP approach is then used to deal 

with the framework control stream on a 

lower level and on brief time interims. The 

incorporation of the DP into the framework 

helps in enhancing the framework 

calculation time and productivity. Moreover, 

the DP is utilized for mistake remuneration 

on occasion when the anticipated 

information contrasts from the deliberate 

information. Reenactment and test results 

were exhibited to demonstrate the 

framework viability under powerful and 

different conditions. 
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