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Abstract- With the smart grid upgrade, the development of Plug-in Electric Vehicles (PEVs) is increasing exponentially 

thanks to their bidirectional chargers. This paper proposes a PEVs Central Controller "(PEVCC)"  approach implemented for 

PEVs to improve  power quality and participate in the electricity market. The suggested approach is divided into two 

optimization layers.  The first one aims to estimate the optimal reference power applied to each PEV converter in order to 

simultaneously achieve the smoothness of utility daily power demand, the regulation of grid frequency and the minimization of 

daily total cost incurred for each PEV charging/discharging. The second optimization layer is designed to ameliorate the PEV 

dynamic by adjusting all regulators parameters during different ancillary services participating. Every optimization layer of the 

proposed "PEVCC" control is executed using Particle-Swarm-Optimization (PSO) algorithm. The simulation results indicate 

that utilizing "PEVCC" approach allows an optimal integration of PEVs into the distribution system to improve the reliability 

of the smart grid. 

Keywords Smart grid, Plug-in Electric Vehicles, PEVs Central Controller, two optimization layers, electricity market, power 

quality, regulators parameters. 

 

1. Introduction          

Due to the swift growth integration of fluctuating loads in the 

main grid, especially during peak hours, production stress 

and stability problems can appear and damage the correct 

operation of the utility power system and consumer 

equipments  [1,2]. To improve the future power system 

efficiency and mitigate environmental challenge, inventive 

strategies have been concentrated to raise the visibility of 

renewable energy field to contribute in system services and 

promise a suitable function of the future main grid. From 

these strategies, Ref. [3] proposes a power reference scheme 

of wind turbines for grid frequency regulation. In this work, 

the wind turbines active power contribution is incremented to 

half of power disturbance in the grid to achieve higher 

frequency regulation. Another control strategy dependent on 

photovoltaic power availability for grid frequency 

enhancement is proposed in [4]. This control is based on 

providing frequency reserves using a frequency–watt 

function to adjust measured grid frequency as a function of 

generating photovoltaic active power. Moreover, a study in 

[5] interested in the grid voltage improvement, presents an 

experimental analysis of smart photovoltaic inverter to inject 

and absorb reactive power to and from the grid by means of 

Volt-Var control function. The combination of renewable 

energy sources and smart technologies presents good ideas to 

enhance power system stability and reduce greenhouse gas 

emissions. However, the irregular and fully weather-based 

nature of these sources, especially, with electricity demands 

fluctuations, present their critical barrier and handicap [6,7]. 
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For that, to minimize renewable energy gaps and solve grid 

stability problems, the introduction of Plug-in Electric 

Vehicles (PEVs) presents the key solution for future smart 

grid. These electric vehicles offer obvious benefits like 

reducing products of oil dependency as well as pollutant gas 

emissions [8-10]. Moreover, with the intervention of 

advanced metering infrastructure, sensing technologies and 

bidirectional data communication flow, PEVs present a great 

solution to improve the energy sustainability and to achieve 

better economic benefits. For that, extensive research efforts 

focus on PEVs control strategy developments to increase the 

contribution of these vehicles in the ancillary services and 

the electricity market penetration. Indeed, Ref [11] presents 

two real-time dispatch strategies based on area regulation 

requirement and area control error to improve frequency 

quality. These strategies are implemented according to the 

charging power demands of PEVs in charging stations. 

Similarly, Ref. [12] proposes a cooperative centralized and 

distributed approach applied on PEVs and a wind power 

generator for coordinated frequency regulation.  A 

comparison between droop and virtual inertia for better 

frequency state improvement is also discussed in this 

reference. The author in [13] designs a two-stage hierarchical 

control method based on predictive models. The main 

objective of this control is making PEVs abilities to replace 

traditional reactive power compensation devices in order to 

regulate grid voltage and maintain it within a desired range. 

For minimizing demand stress on the grid, a real-time 

scheduling technique applied on large-scale PEVs integrated 

into smart grid to reduce the peak loads demands,  is 

proposed in [14]. Moreover, a study in [15] proposes an 

energy management algorithm to manage electrical vehicles 

power injections and absorptions in order to flatten 

residential loads demands of a smart city. For energy market 

contribution, Ref [16] investigates an approach based on 

model predictive control to reduce both energy generation 

cost and PEV charging cost in meeting both consumers and 

PEV power demands. Also, Ref [17] proposes an 

optimization framework based on hourly energy prices 

estimation to reduce electricity bills of a smart company 

equipped with wind farms and electric vehicles. Other 

authors as [18, 19] are interested in ameliorating the PEV 

dynamic response, during both charging and discharging 

operation concepts, by determining the optimal PID 

controllers’ parameters. The gains of controllers are tuned 

using advanced optimization techniques such as stochastic 

fractal algorithm and multi-objective genetic algorithm. As 

has been presented, a wide variety of tools, techniques, and 

approaches have been proposed in the recent years for 

dealing with PEVs participating purposes in ancillary 

services or energy markets. However, the existing techniques 

still show some important gaps which have motivated this 

work and are indicated below: 

 Each of these approaches aims at a particular objective 

task (grid frequency enhancement, economic benefits 

achievement or grid stress minimization, etc...) and, they 

don’t solve various problems quality in power systems at 

the same time.  

 Within previous studies, there is not enough flexibility 

either in PEV duration of charging or in time of 

connection and disconnection. 

 Many of these studies apply the technology of vehicle to 

grid in order to ameliorate power system quality. 

However, they don’t consider that this technology will 

cause a short lifetime of vehicles batteries and other 

unsolved issues. 

The main objective of this work is filling the important gaps 

listed above, by developing a novel multi-objective PEVs 

Central Controller "(PEVCC)" approach implemented for 

PEVs scheduling in a smart distribution network. In this 

approach, various system services and economic issues as 

well as maximum flexibility in PEV time connection and 

their charge/discharge duration are simultaneously taken into 

consideration. Compared to previous methods, this approach 

can be applied to any smart grid with any number of PEVs. 

More precisely, the principal contributions of this work are 

highlighted along these lines: 

 Maximization of grid frequency quality enhancement by 

active power dispatching between connected PEVs and 

smart grid. 

 Minimization of the daily power demand peak intensity 

and achievement of a greater smart grid energy balance. 

 Minimization of charging  energy cost  to give economic 

returns to PEV users.   

 Detection of PEV optimal operating access to function 

in Vehicle-to-Grid (V2G) and Grid-to-Vehicle (G2V) 

concepts. 

 Control of each PEV battery State Of Charge (SOC) by 

limiting the deep discharge PEVc"SOC "
i,min

and overcharge 

PEVc
"SOC "

i,Max
 in order to improve PEV battery’s lifetime. 

 Ensure optimal PEVs dynamic responses by adjusting all 

their regulators parameters during different operating 

concepts. 

This paper is structured  in this way: both of the general 

description of the studied system configuration and 

modelling of the PEV are presented in Section 2. The 

proposed multi-objective "PEVCC"  approach to improve  

power effectiveness and participate in the electricity market 

is developed in Section 3. This approach is divided into two 

optimization layers that will be explained in the first and 

second parts of Section 3, respectively. In Sections 4 and 5, 

descriptions of simulation results and conclusion of this 

paper are detailed. 

 

2. Description and modeling 

2.1. Studied system infrastructure 

The studied system architecture, as shown in Fig.1 is 

constituted by a smart distribution network with PEVs 

disposed in different area stations (Residential, Industrial and 

Commercial). These PEVs can behave as distributed 

resources or as loads in concepts known as V2G or G2V 

operating mode, respectively.  
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Fig. 1. Scheme of the smart- grid analyzed system. 

At the top side level of studying system architecture, the 

"PEVCC"  is sited to manage and monitor in a smart and 

harmonized way the communication power and data flows 

between PEVs and smart grid. The main objective of 

"PEVCC" approach is to make each PEV able to participate 

in system services and electricity market taking into account 

the PEV time connection and charge/discharge duration 

flexibilities. This approach is divided into two optimization 

layers: The first one aims to estimate the optimal reference 

power applied to each PEV converter in order to 

simultaneously achieve: the smoothness of utility daily 

power demand, the regulation of grid frequency, the 

minimization of daily total cost incurred for each PEV 

charging/discharging, the detection of optimal operating 

access of V2G or G2V concepts and the control of battery 

SOC for each PEV. The second optimization layer is 

designed to achieve optimal PEVs dynamic responses by 

adjusting all their regulators parameters during participating 

in ancillary services. In order to reach these purposes, 

"PEVCC" approach requires various data in real time of all 

studied system equipment. 

For that, smart meters are installed at all the customer 

premises, PEV connection charging station and distribution 

smart grid to measure in real-time all necessary data for 

optimal operation. Then, they automatically send these 

information measurements to the Meter Data Management 

(MDM) system through wireless communications [20, 21]. 

The MDM receives and collects these data from all smart 

metering systems in order to deliver them to "PEVCC" 

approach if needed. 

2.2. Electric vehicle model and power generation control 

The PEV model is generally characterized by an electric 

battery pack with the charging system. The Li-ion battery 

represents the most exploited batteries in vehicular field 

thanks to its safety nature, extended lifetime, high densities 

of energy and its lower cost [22, 23]. The Li-ion battery 

terminal voltage can be modulated as controlled voltage 

source batt"E "  with equivalent internal resistance L-ion"R "  

as shown in equation (1) [24, 25]: 

L ion batt L ion BV E R .I− −= −   (1) 

The voltage equations batt"E "  of Li-ion battery in charging 

and discharging operation are depicted in equations (2) and 

(3) [24, 25]:  

( )Bt

ch *

batt 0 B Bt

Bt Bt

- B.I

Q Q
E = V - K I - K I

I - 0.1Q Q - I

 + Ae

  (2) 

   

( )Bt

disch *

batt 0 B Bt

Bt Bt

- B.I

Q Q
E = V - K I - K I

Q - I Q - I

+Ae

  (3) 
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Fig. 2. PEVi control configuration for power injection/absorption. 
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The parameters and characteristics of Li-ion batteries 

implemented in studied PEVs are presented in Table 1. In 

addition to lithium-ion battery, each PEV contains an 

inductive filter and a bi-directional DC/DC converter to 

allow power exchanges in both charge and discharge 

directions and to adapt the output voltage of the battery pack 

to that of the continuous bus. 

Moreover, a bi-directional DC/AC converter is interposed 

between the continuous bus and the t t"R L " line to perform 

the energy transfer to the distribution network during G2V or 

V2G operating modes. For suitable power flow management 

between PEV and smart grid, the control of each 

bidirectional converter should be ensured. The control 

structure of each PEV system is summarized in Fig. 2 

according to three different parts. The first part of Fig. 2 

shows the battery pack control strategy, which is interested 

in regulating the charge or discharge current at the 

reference B_ref"I " . An integral proportional 1PI  corrector 

type is used to adapt the battery current to that of the 

reference. The expression of this regulator is defined in 

equation (4): 

( )m_B B 1 B_ref BU = U - PI I - I   (4) 

The 1PI  controller gains 1 1)Kp , Ki( are estimated, at every 

system’s new state, by the second optimization layer 

to decrease as maximum the target error of each PEV’s 

battery current to zero. In order to fix the current direction 

for the charging or discharging phase and to adapt the 

modulated voltage of the battery pack to that of the 

continuous bus, the reversible chopper is controlled by the 

conversion function B"m "  as mentioned in equation (5): 

B _Bm dcm U U=   (5) 

The reference current B_ref" "I  is calculated taking into 

account the reference power exchanged by the battery 

B_refP" "   as described in equation (6): 

B_ref B_ref BI = P U   (6) 

The reference power exchanged by the battery B_refP" "  is 

obtained by the difference between the power required to 

control the voltage of the continuous bus dc_refP" "   and the 

power to satisfy the demands DP" " , as shown in equation 

(7): 

B_ref D dc_refP = P - P   
(7) 

Part 2 of Fig. 2 shows the continuous bus regulation block. 

Indeed, it is necessary to control the DC bus voltage and 

keep it constant, under any conditions, in order to allow a 

suitable power flow management between the battery pack 

and the continuous bus, and guarantee a balance between 

consumption and production. This voltage is checked by a 

2PI  corrector, whose gains values 2 2 )Kp , Ki(  are 

estimated by the second optimization layer to maintain the 

stored power dc_ref"P "  at the capacitor dc"C "  level equal to 

zero, at any new variation in the system’s state. 

Consequently, a fast correlation of DC bus voltage to its 

reference is ensured.  

Part 3 of Fig. 2 shows the two-way DC/AC converter control 

structure. The objectives of this converter are the regulation 

of the active and reactive power exchange between the PEV 

and the distribution network, besides the voltages at the 

t t "R L " line terminals, during V2G or G2V operating mode. 

Indeed, the supplied or absorbed currents of each PEV are 

regulated according to the optimum reference active powers 

t ,i

PEVc_ref"P "   calculated by the first optimization layer of 

proposed "PEVCC" approach and the optimum reference 

reactive power t ,i

PEVc_ref" "Q  which is equal to zero to 

ensure a power factor equivalent to one. These reference 

powers give the "d-q" components of the reference currents 

G2V/V2G_ref_d G2V/V2G_ref_q"I , I "which aim to manage the 

transferred active and reactive powers in both V2G or G2V 

operating modes. Two "PI" correctors ( )3 4PI ,PI are used to 

check the transferred currents 

G2V/V2G_d G2V/V2G_q"I , I "at the connection t t"R L " line 

with their references. The PIs controller gains 3 3 )Kp , Ki(  

and 4 4 )Kp , Ki( corresponding in order to the V2G/G2V 

currents in d and q components are estimated by the second 

optimization layer to reduce to the maximum, under any 

condition, the errors between G2V/V2G_d G2V/V2G_q"I , I "  

and their references G2V/V2G_ref_d G2V/V2G_ref_q"I , I " to zero 

and to also provide, at the output, the two adjustment 

voltages 
qdreg regm m"V ,V "  for the PWM inverter control.  

3. Multi-objective " PEVCC" approach 

For optimal integration of PEVs in the smart grid, the 

"PEVCC" approach is proposed to calculate, in the first step, 

the optimal reference power 
PEVc_ref

t,i"P "  that should be 

injected or absorbed by each connected PEV to minimize 

each from:  the daily power demand variance, the grid 

frequency variation and the daily total cost incurred for each 

PEV charging/discharging. In the second step, this approach 

calculates the optimal PIs controller’s gains to achieve a fast 

PEV dynamic response during participation in these ancillary 

services. To ensure these goals mentioned above, the 

"PEVCC" receives from MDM system, in real time and 

during 24-h, all necessary information about the smart grid, 

customer’s PEV, electricity market, regulators errors and 

gains margins as follows: 

-Smart grid: 

L

tP   The total daily power load profile supplied 

by the grid. 
Av_50

TpP   Normal network generation power. 
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49.98

TpP   Loads demands power corresponding to 

49.98 Hz frequency. 
50.02

TpP   Loads demands power corresponding to 

50.02 Hz frequency. 

-Customer’s  PEV: 

PEVc

i,max/minSOC

  

Maximum/ minimum battery SOC 

boundary of PEVi. 

PEVc PEV_D

i it,t

 

Arrival and departure time of PEVi. 

N   Total number of registered PEVs in 

different charging station areas. 
n  Total number of connected PEVs in 

different charging station areas. 
PEVc

i,max/minP   Maximum/minimum limits of each 

PEV charging-discharging power. 
PEV

iW   Initial charge of PEVi battery at 

connection to the charging station. 
PEV

iQ   Capacity of connected PEVi battery. 

PEV

i   Efficiency of connected PEVi battery. 

PEV_DAD   Course distance by the customer’s 

PEV . 

-Electricity market: 

tCost   Electricity price at time t. 

avr_TpCost

 

Reference average electricity price 

during pt . 

-PIs gains margin: 

1min 1maxKp Kp

 
1min 1maxKi Ki  

PI gains margins information of 

each PEV battery current. 

2min 2maxKp Kp

2min 2maxKi Ki  

PI gains margins information of 

each PEV DC bus. 

3min 3maxKp Kp

3min 3maxKi Ki  

PI gains margins information of 

each PEV G2V/V2G current in q 

axes. 

4min 4maxKp Kp

4min 4maxKi Ki  

PI gains margins information of 

each PEV G2V/V2G current in d 

axes. 

-PIs instantaneous errors: 

1e   PI error information of each PEV battery 

current. 

2e  PI error information of each PEV DC bus. 

3e  PI error information of each PEV G2V/V2G 

current in q axes. 

4e  PI error margins information of each PEV 

G2V/V2G current in d axes. 

It is noted that the "PEVCC" approach can be applied to any 

smart grid with any number of PEVs. Moreover, this 

approach takes into consideration, simultaneously and at 

maximum, the flexibility in PEV time of connection and 

disconnection, the battery SOC in the connection time and its 

charge/discharge duration. The proposed "PEVCC" approach 

contains two essential layers. The mathematical formulation 

and the multi-objective optimization of these layers will be 

described in detail in the next sub-sections.  

3.1. Problem formulation and constraints of the first 

optimization layer 

The consequence of active power mismatches between the 

grid supply and load variance demand causes a fluctuation in 

the system frequency. In fact, the extra demand builds to 

frequency drop and the deficit demand builds to frequency 

increase [26,27]. Grid codes specify that frequency variation 

range should be between 49.98 Hz and 50.02 Hz, and, 

operation beyond these borders would damage the electrical 

network equipments [28]. For that, equilibrium between 

active power produced and consumed must be preserved in 

spite of load demands changing. To minimize as much as 

possible the supply-demand inequality and obtain a flat daily 

power demand with grid frequency convergence to nominal 

value 50 Hz, in this paper, the studied PEVs operate in G2V 

or V2G concepts to absorb or inject the optimal active power 

determined by the first optimization layer of "PEVCC" 

approach. The problem function can be formulated as 

equation (8): 

50.02 L PEVc_ref 49.98

Tp t t ,i Tp

i 1

P P P P
n

=

 
 +  
 

   

With: 

t 1 Tp

i 1 n

n 1 N







=

=

=

                                                                 

(8) 

The one-day cycle (24-hour) is devided into Tp   time-

periods, with the duration of each one is fixed by p 1t 5 =  

min. So, 96 periods are obtained through one day. The 

control is achieved here by calculating the optimal reference 

active power t ,i

PEVc_ref"P " of each PEVi connected to 

different station areas. This reference power is injected or 

absorbed into or from the grid, respectively, in order to 

flatten the total load power 
L

t"P "  to coincide, as much as 

possible, with the normal network generation 
50.02

Tp"P "  

corresponding to the 50 Hz frequency. At each pt  period, 

the priority order of PEVs services is classified according to 

the first PEV connection time detected by the smart meter. 

The proposed approach is flexible to join any PEVs number 

with any connection and disconnection time. The calculated 

references active powers applied on PEVs converters are 

optimal because they consider many constraints at the same 

time: 

- Constraint 1: The reference active power exchanged 

PEVc_ref

t ,i

i 1

" P "
n

=


 between connected PEVs and the grid 

must be insured  according to  definite standards, without 

troubling the electrical network stability and to maintain the 

https://synonyms.reverso.net/synonyme/en/build
https://synonyms.reverso.net/synonyme/en/deficit
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https://synonyms.reverso.net/synonyme/en/achieved
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https://synonyms.reverso.net/synonyme/en/troubling


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
M. Rekik and L. Krichen, Vol.11, No.3, September, 2021 

 

 1113 

frequency state in the norm range [49.98, 50.02 Hz]. For 

that, the sum of both total load power and all connected 

PEVs charging/discharging power must be within the 

maximum and minimum limits of loads demands power 

corresponding in order to 49.98 Hz and 50.02 Hz grid 

frequency, as described in equation (9): 

50.02 L PEVc_ref 49.98

Tp t t ,i Tp

i 1

P P P P
n

=

 
 +  
 

   (9) 

- Constraint 2:  The technologies of Li-ion batteries have 

incrementally advanced in the large PEVs market. The 

battery SOC illustrates the significant parameter to indicate 

the charge-discharge level of a PEV battery storage system 

during connection or disconnection to the charging station. 

The accurate control of over charge and deep discharge 

states improves the long lifespan, efficiency and safety of 

PEV battery [29]. For that, in this paper the first 

optimization layer of "PEVCC" approach is also interested 

in  upgrading the PEVs batteries functionality and 

robustness by limiting the SOC as indicated in the 

constraint expressed by equation (10): 

( )

( )

D

D

PEVPEVc PEV PEVc PEVc
i,min t,i i,max i i

PEVPEV PEV PEVc PEVc
i,min t,i i,max i i

PEV PEVc
i,min i,min

SOC SOC SOC t t t

SOC SOC SOC t t t

SOC SOC

  =

  =










 
(10) 

Two values of minimal battery SOC are considered in this 

paper: one is the deep discharge during participating in the 

ancillary services 
PEVc

i,min"SOC  "    and the second corresponds 

to the deep discharge during PEV traveling 
PEV

i,min"SOC  " . In 

fact, PEV may inject power to the grid in the process of V2G 

operation concept by taking into account the battery energy 

reserve for disconnection and departure flexibility. The 

mathematical expressions of electric vehicles Li-ion battery 

SOC at PEV instant of connection into the charging station 
PEVc

i"t "  and during the length of connecting time-period 

( )DPEVPEVc
i it t" "are shown in order by equations (11) 

and (12) [15, 30]. During disconnection time-period  

depends on the  storage , the PEV battery ( )DPEV PEVc
i it t" "

course distance 
PEV_D

AD" " of every PEV traveling and on 

the vehicle efficiency
PEV

i" " . The required energy 

PEV_D

tr"P "needed for PEV trip is described in equation (13) 

[15]: 

( )

( )D

PEV PEVc PEV

i t,i i p PEVc

iPEV

iPEV

t,i PEVc PEV

t,i i p PEVPEV PEVc

t 1,i i iPEV

i

PEV

i

SOC

W P . . t
t t

Q

P . . t
SOC t t t

Q

0 1







−

+ 
=


+ =

 





= 




  

 

(11) 

 

 

 

 

(12) 

PEV PEV_D

i

PEV_D
trP AD.=  

(13) 

It is noted that all these parameters are measured and 

detected by means of smart meters, when the PEV is 

connected at the charging station.  

- Constraint 3:  In favor of durable operation of PEV battery 

storage, the exchanged power between each connected PEV 

and smart grid, during V2G or G2V concepts, should be 

restricted by a definite maximum and minimum level. For 

that, the first optimization layer of "PEVCC" approach 

limits each PEV charging-discharging power as shown in 

equation (14): 

PEVc PEVc PEVc

i,min t,i i,maxP P P   (14) 

- Constraint 4:  Due to significant PEVs penetration  along 

the electrical  grid, they have an appreciated potentiality in 

the energy market. In this work, the vehicles contribution in 

the energy market appeared in charging cost minimization. 

PEVs connected to the different charging station areas 

absorb and inject energy from and to grid during operation 

in G2V or V2G concepts, respectively. In both operating 

concepts, the energy cost changes according to power 

consumption levels. It is expensive during periods of high 

demand and cheaper during periods of low demand. For 

that, the PEVs’ owners should as much as possible 

discharge their electric vehicles at high- price and charge 

them when electricity cost is the cheapest. In this case, an 

optimal buying and selling energy for PEVs’ owners is 

obtained. The constraint of charging cost minimization by 

optimal bidding is described as equation (15): 

Tp
PEVc

t avr_Tpt,i
t 1

min P .(Cost Cost )
=

−  (15) 

In accordance with the position of actual energy 

price tCost" "  relative to the reference average electricity 

price avr_TpCost" " , this constraint guarantees an optimal 

power exchange 
PEVc
t,i"P "  between each connected vehicle 

and smart grid in order to raise revenue and money earn to 

PEV users during both G2V/V2G operation concepts. In fact, 

the G2V operation is available only when tCost" "  is less 

than avr_TpCost" " . On the other hand, the V2G operation is 

allowed during the high price energy characterized by 

tCost" " higher than avr_TpCost" " . 

https://synonyms.reverso.net/synonyme/en/incrementally
https://synonyms.reverso.net/synonyme/en/upgrading
https://synonyms.reverso.net/synonyme/en/definite
https://synonyms.reverso.net/synonyme/en/potentiality
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3.2. Problem formulation and constraints of the second 

optimization layer 

After estimation of the optimal references active power 

t ,i

PEVc_ref"P "applied to each PEV converter to 

simultaneously achieve: the smoothness of utility daily 

power demand, the regulation of grid frequency and the 

minimization of daily total cost incurred for each PEV 

charging/discharging, the second optimization layer is 

designed to adjust all regulators parameters during different 

operating modes to ameliorate the PEV dynamic response 

and guarantee an optimal convergence of the measured PEV 

injected power 
PEVc
t,i"P "  to the reference one estimated by 

the first optimization layer t ,i

PEVc_ref"P " . In fact, a novel 

external perturbation may have an impact on the PEV system 

stability and response quality which is essentially linked to 

the regulator parameters. In this case, the four PI controller’s 

gains of each PEV, corresponding to DC bus voltage 

dc"U " , battery current B"I "and G2V/V2G absorbed/ 

injected current in both axes d,q 

G2V/V2G_d G2V/V2G_q"I , I " , should be variable and 

adjustable when a new variation is accrued in the system. For 

this reason, the second optimization layer is based on finding 

the optimal controller parameters, at every system’s new 

state, to decrease to the maximum the target error of each 

PEV’s dc B G2V/V2G_d" U "," I "," I " and
G2V/V2G_qI" "   to zero 

with a short time. Consequently, an adequate regulation to 

the PEV injected power at its desired value is guaranteed. To 

achieve the goals mentioned above, the mathematical 

function to be optimized is the Integral Time Absolute Error 

"ITAE" technique defined in equation (16). This technique is 

adopted in the second optimization layer because it 

accomplishes the lowest error indexes with smaller 

oscillations and overshots compared to the other fitness 

techniques [31, 32].  

( ) ( ) 

( ) ( )

t t

t k

min f k ITAE k

ITAE k t e t dt

k 1: 4

=

= 

=

 (16) 

The second optimization layer receives, in the first step, as 

data input, the errors ( )ke t" " and the gains constraints of 

each PEV’s Bdc"U ","I ", G2V/V2G_d"I " and 

G2V/V2G_qI "" 
   regulators kPI    with ( )k 1: 4= . Then it 

minimizes every ( )tITAE k" "  using the on-line multi-

objective PSO algorithm which transmits as data output the 

optimal kPI ’s gains k"Kp "   and k"Ki "  corresponding to 

the minimum fitness function ( )tITAE k" " . The advanced 

PSO algorithm is described in detail in the subsequent sub-

section. The four regulators of each PEV are optimized 

simultaneously according to the following constraints: 

- Constraint on the battery current regulator gains 

( )1PI given by equation (17): 

1min 1 1max

1min 1 1max

Kp Kp Kp

Ki Ki Ki

 


 
  (17) 

- Constraint on the DC bus voltage regulator gains ( )2PI  

given by equation (18): 

2min 2 2max

2min 2 2max

Kp Kp Kp

Ki Ki Ki

 


 
  (18) 

- Constraint on the q-axes G2V/V2G current regulator gains 

( )3PI  given by equation (19): 

3min 3 3max

3min 3 3max

Kp Kp Kp

Ki Ki Ki

 


 
  (19) 

- Constraint on the d-axes G2V/V2G current regulator gains 

( )4PI  given by equation (20): 

4min 4 4max

4min 4 4max

Kp Kp Kp

Ki Ki Ki

 


 
  (20) 

Every proportional and integral gain k"Kp "  and k"Ki "  of 

each kPI  with ( )k 1: 4=  is chosen within a well selected 

search space characterized by a superior and minor 

boundaries 

 k min k max"Kp ","Kp " and k min k max"Ki ","Ki " , 

respectively. The couple of gains are revised and adjusted 

on-line and at every system’s new state by using the multi-

objective PSO algorithm to guarantee an optimal regulation 

and minimum errors between measurement and reference of 

DC bus voltage dc"U " , battery current B"I "  and 

G2V/V2G absorbed/ injected current in both axes d,q 

G2V/V2G_d G2V/V2G_q"I , I "  of each PEV. Consequently, 

they ensure the vehicle dynamic enhancement during 

participating in the ancillary services.  

3.3. Implementation of the " PEVCC" approach 

The two optimization layers of proposed "PEVCC" approach 

are implemented sequentially, one after the other.  The first 

optimization layer is executed, in the first step, using PSO 

algorithm to estimate the reference optimal power 

t ,i

PEVc_ref"P "  that should be injected by each PEV. 

Thereafter, the second layer of optimization is executed, in 
the second step, to correlate this reference to the measured 

one 
PEVc
t,i"P "  by calculating the optimal regulators gains, at 

every system’s new state, by means of an on-line multi-

objective PSO algorithm [33-34]. The PSO is an 

optimization algorithm inspired by the intelligent attitude of 

https://synonyms.reverso.net/synonyme/en/linked
https://synonyms.reverso.net/synonyme/en/transmit
https://synonyms.reverso.net/synonyme/en/subsequent
https://synonyms.reverso.net/synonyme/en/attitude


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
M. Rekik and L. Krichen, Vol.11, No.3, September, 2021 

 

 1115 

fish and swarm during the discovery of their best nutritious 

place. It is reaching, at the present time, more attention to 

execute and solve various supervision problems with 

numerous variables due to its robustness, efficiency, 

simplicity and short-computation times [35]. In PSO 

technique, each particle travels to its best local solution 

Loc"P "    that it has discovered. Then, it communicates with 

its neighborhoods about this found solution and, therefore, it 

reviews its own velocity and position to get the best global 

solution Glob"P "  . The particle velocities are manipulated 

based on equations (21) and (22) [36]: 

( ) ( ) ( ) ( )( )

( ) ( )( )

1 1 Loc

2 2 Glob

v j 1 w v j R C P j v j

R C P j v j

 + =  + −

+ −
  (21) 

( ) ( ) ( )v j 1 v j v j 1+ = +  +  (22) 

Where  ( )v j" "  and  ( )v j" "  are, in order, the velocity 

and the position of the particle at iteration 

( )j" " , 1 2"(C ,C )"  are the acceleration coefficients that 

their summation has to be less than 4,  1 2"(R ,R )" illustrate 

the random variables that are within [0,1] and 

w" " represents the inertia weight.  

4. Results and analysis 

To validate the efficacy of proposed "PEVCC" approach 

based on double-layered optimization, a case study 

constituted by 2250 PEVs distributed on four station areas is 

implemented by MATLAB Simulink environment according 

to the system parameters provided in Table 1. This approach 

is evaluated during 24-hours with different states of PEVs 

connection/disconnection times, initial batteries SOC and 

charge/discharge duration periods. To improve the 

simulation rapidity with significant number of PEVs, the 

identical behavior type vehicles are aggregated into one 

equivalent PEV. For that, in this studied case, three PEVs 

aggregate models are considered whose basic features are 

specified in Table 2. The simulation analyses to prove the 

robustness and the flexibility of the double-layered 

optimization of "PEVCC" approach are carried out in the 

next subsections. 

4.1. First optimization layer simulation results 

The first optimization layer of proposed "PEVCC" approach 

has been solved over a 24-h time horizon with a 15-min 

resolution. Consequently, the simulations present 96 periods 

in the day.  At the beginning, the PEVs are not joined to the 

smart grid. The variable demanded loads are just delivered 

by the electrical network. Its respective total active power is 

depicted in Fig.3.a. The effect of these demands on the 

electrical frequency is well perceptible in Fig.3.b. In fact, the 

extra demand builds to frequency drop, and the deficit 

demand builds to frequency increase. Grid codes specify that 

frequency variation range should be between 49.98 Hz and 

50.02 Hz not to harm the electrical appliances. For that, 

smoothness of consumed active power to the nominal grid 

generation equivalent to 50 Hz of frequency must be 

preserved at each instant. 

 

 

 

 

 

 

 

Table 1 

Parameters of studied lithium-ion battery cell: (3.3V; 2.3 

Ah).  

Characteristics Value 

 B   ( )
1

26.5487 Ah
−

  

 0V   3.366V   

 L ionR −   0.01Ω   

A    0.26422V   

 K   0.0076Ω   

 

 

Fig. 3. Electrical grid behavior before "PEVCC" insertion: 

(a) Daily loads demands; (b) Grid frequency. 

To achieve, as much as possible, the supply-demand equality 

and to flatten the daily power demand with grid frequency 

convergence to nominal value 50Hz, the three PEVs 

aggregations operate in G2V or V2G concepts into the 

distribution system to absorb or inject the optimal active 

power determined by the first optimization layer of   

"PEVCC" approach. The total numbers of connected vehicles 

in all charging station areas, as well as, the connection and 

disconnection times of the three PEVs aggregations (PEVAG1, 

PEVAG2 and PEVAG3) are shown in Fig.4.a, Fig.4.b, Fig.4.c 

and Fig.4.d, respectively. The priority order of PEVAGi 

injection or absorption power is classified according to the 

first PEVAGi connection time. The red, green and blue shaded 

surfaces indicate in order the first, second and last order of 

(a) 

(b) 

https://synonyms.reverso.net/synonyme/en/bring+up
https://synonyms.reverso.net/synonyme/en/rapidity
https://synonyms.reverso.net/synonyme/en/significant+number
https://synonyms.reverso.net/synonyme/en/accounted
https://synonyms.reverso.net/synonyme/en/basic+features
https://synonyms.reverso.net/synonyme/en/build
https://synonyms.reverso.net/synonyme/en/deficit
https://synonyms.reverso.net/synonyme/en/build
https://synonyms.reverso.net/synonyme/en/inequality
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priority of each PEVAGi. When the vehicle disconnects from 

the charging station, it loses its priority order and 

consequently the second connected vehicle becomes 

prioritized the first. As shown, PEVAG1 is connected at the 

following intervals [0-3.30h], [4.30-8h] and [13-23h]. During 

[3.30-4.30h], [8-13h] and [23-0h], this vehicle is not 

available to join the smart grid.  

 

 

 

Table 2  

Identifications of PEVs aggregations and information about concerned vehicles in the case study. 

AGiPEVs

  

PEV 

model 

 

PEVs 

Registered 

numbers 

Battery 

capacity 

( )PEV

i kWhQ

 

( )

PEVc

i,min

kW

P
  

 

( )

PEVc

i,

kW

P Max

  

PEV

i,minSOC

  
 

PEVc

i,minSOC

  
 

PEVc

i, axSOC M

  ( )

PEV

i

%


  

AG1PEVs

 

Mitsubishi 

Outlander 

PHEV 

500 13.8 -2 2 0.2 0.5 0.8 0.9 

AG2PEVs

 

Nissan 

Leaf 

1000 14 

 

-2 2 0.2 0.5 0.8 0.92 

 

AG3PEVs

 

Peugeot 

ION 

750 14.5 -2 2 0.2 0.5 0.8 0.95 

 

PEVAG2 is available to operate in V2G /G2V concepts for 

both periods of time [0.45-10h] and [14-22.30h]. In the 

course of these intervals [10-14h] and [22.30-0.45h], this 

vehicle is disjointed. PEVAG3 is accessible for a two-flow 

transfer power during [3-8.15h] and [10-21h]. Outside these 

periods, this vehicle is unplugged. 

 

Fig. 4. Connection status of each PEVAGi: (a) Number of 

connected vehicles. (b) PEVAG1 state connection. (c) PEVAG2 

state connection. (d)  PEVAG3 state connection. 

The electricity prices indications used in this case study are 

shown in Fig. 5. This curve shows that the price of electricity 

is low during midnight and high in the morning and evening, 

which encourages PEVs owners to contribute to the energy 

market to minimize charging cost and raise revenue and 

money earn during both PEVs G2V/V2G operation concepts. 

 

Fig. 5. Electricity prices curve. 

Fig. 6 shows the PEVAG1, PEVAG2 and PEVAG3 references 

active powers over the 96 time periods. It is clear that the 

negative powers present the operation of the PEVs charge 

known by the G2V concepts. The positive powers affirm the 

discharge operation known by the V2G concepts. These 

reference active power curves are calculated by the first 

optimization layer of "PEVCC" approach using the on-line 

multi-objective PSO algorithm with parameters shown in 

Table 3. They are the best solutions of the studied objectives 

function which consider many constraints at the same time. 

In fact, the difference between both total load power and 

normal network generation power corresponding to the 50 

Hz of frequency is absorbed or injected in an optimal manner 

by all connected PEVAGi according to: 

- The actual energy price tCost" "  state. In fact, the charge 

is available only when tCost" " is less than avr_TpCost" " . 

On the other hand, the discharge operation is allowed 

during the high price energy characterized by tCost" "  

higher than avr_TpCost" " . 

(a) 

(b) 

(c) 

(d) 

https://www.automobile-propre.com/voitures/mitsubishi-outlander-phev
https://www.automobile-propre.com/voitures/mitsubishi-outlander-phev
https://www.automobile-propre.com/voitures/mitsubishi-outlander-phev
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- The battery SOC of each PEVAGi which should be within 
PEVc

i,"SOC  "Max
and 

PEVc

i,min"SOC  "  during charging and 

discharging operation. 

- The PEVAGi charging-discharging power which does not 

exceed its limits 
PEVc

i, ax/min"P "M . 

It is remarkable form Fig. 6 that the G2V concept is carried 

out during [0-8h] and [12-16.45h] when electricity price is 

low and there is a drop in the total required power. The total 

reference active power during these periods is the difference 

between 
L

t"P "   and 
Av_50

Tp"P "   to flatten the daily load 

curve and correlate the frequency to 50 Hz. Then this total 

reference is distributed on every PEVAGi according to their 

priority, over-charge, and maximum absorption power. In the 

course of subsequent intervals [8.15-11.30h] and [17-23h], 

the demand power is superior to the average power 

corresponding to the 50 Hz of frequency and the electricity 

price is expensive. This is the case of V2G concepts when 

the total reference active power of all connected PEVs is 

corresponding to the difference between the required daily 

power and the reference power 
Av_50

Tp"P "  to reduce peak 

power, maximize PEV’s’ owner earn revenue and enhance 

the frequency to be equivalent to 50 Hz. This total reference 

is diffused on every PEVAGi according to their priority, deep 

discharge and maximum injection power. However, it is also 

observable form Fig. 6 that during the intervals [8-8.15h], 

[11.30-12h] and [16.45-17h], the reference powers of all 

connected vehicles are equal to zero. So, no PEVs transfer 

power to the smart grid will be ensured. Because either the 

load demands are lower than 
Av_50

Tp"P "   but the electricity 

price is expensive or the total load demand is more than 
Av_50

Tp"P "  but the electricity price is cheaper. It is noted that, 

the reference powers of each PEVAGi is also equal to zero 

when it is not plunged to the post charge or it is connected 

but its SOC state attains its deep discharge 
PEVc

i,min"SOC  "  or 

over charge 
PEVc

i,"SOC  "Max during operating in V2G or G2V 

concepts.  

 
Fig. 6. PEVAGs reference active powers profiles: (a) For 

PEVAG1. (b) For PEVAG2. 

 (c)  For PEVAG3. 

The performance of the first optimization layer tuned by the 

PSO algorithm to calculate the optimal reference active 

power of each connected PEVAGi, is summarized in the 

fitness function presented in Fig.7. This fitness function is a 

combination of the studied objectives function and a penalty 

function to guide executions towards best design solutions 

during both V2G and G2V operating concepts. The 

convergence to the optimal value is attained after 40 

iterations.  It can be observed that during some periods, the 

fitness function is equal to zero, meaning that the objective 

function of the first optimization layer is attained and its 

constraints are all satisfied. But sometimes, the fitness 

function is different from zero, meaning that the best found 

solution is partial or doesn’t reach the set aims for one or 

more reasons: deep discharge or over charge attainment of 

PEV’s batteries, not enough PEVs plunged to post charge, 

expensive electricity price with low load demands or cheaper 

electricity price with peak loads demands. 

 

Fig. 7. Evolution of the fitness function. 

4.2. Second optimization layer simulation results 

After each PEVAGi optimal reference active power 

calculation during the 96 time periods of the day, the second 

optimization layer is designed to adjust, simultaneously, all 

regulators parameters of each PEVAGi connected to the post 

charge by means of on-line multi-objective PSO algorithm 

(a) 

(b) 

(c) 
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with parameters shown in Table 3. This adjustment is 

ensured at every system’s new state to guarantee an optimal 

convergence of the measured PEVAGi injected power to the 

reference one estimated by the first optimization layer. It is 

noted that at every pt  time-periods, the estimated 

reference active power is considered constant to a specific 

optimal value calculated by the first optimization layer 

according to the different constraints mentioned above. The 

simulation results of the second optimization layer represent 

a comparison between the PEVAGi dynamic response using 

conventional PI’s parameters given in Table 4 and PI’s gains 

estimated by the on-line multi objective PSO algorithm.  

The four pairs regulator’s gains of each PEVAGi, pictured in 

Fig. 8, show a marked modification throughout the up and 

down loads demands and the injected or absorbed PEVAGi 

active power variations. These gains are self-adjusted to 

minimize, the most possible, the error between the measured 

values and their corresponding reference of the optimized 

PEVAGi’s DC bus voltage, battery current and G2V/V2G 
current in both axes d,q. The on-line multi objective PSO 

algorithm is ceased of execution when the inferior error is 

reached and hence the PEVAGi response achieves its optimal 

functionality point to guarantee the maximum PEVAGi 

performance and efficiency in ancillary services 

participating.   

                                                          

 

 

 

 

Fig. 8.  ( )kp, ki  PI  regulators’ parameters for: Battery 

current, DC link voltage, G2V/V2G currents using 

second optimization layer based on-line multi-objective 

PSO algorithm. 

 

The results in Fig. 9 show the dynamics of the PEVAG1, 

PEVAG2 and PEVAG3 batteries current during their 

participation in the ancillary services. These results confirm 

the elected convention in which the negative currents 

correspond to the G2V concept and the positive currents 

correspond to the V2G concept. According to this figure, the 

curve using the conventional regulators presents a mediocre 

solution since it has large oscillations and slow stabilization. 

On the other hand, the curve using the second optimization 

layers shows that the current pursue, rapidly, its reference 

with little perturbations during different operating states 

transitions. 

 

 
Fig. 9. Profiles of each PEVAGi battery current: (a) For 

PEVAG1. (b) For PEVAG2. (c)  For PEVAG3. 

Fig. 10 illustrates the DC bus voltage behavior using the 

conventional and the on-line optimized PI’s gains. It is 

observable that the oscillation and the settling time are more 

minimized within the on-line adjusting PI’s parameters. The 

system stability and the convergence to the reference value 

after every disturbance is ensured more quickly than the 

conventional method. In fact, the second optimization layers 

PEVAG1 

PEVAG2 

PEVAG3 

(a) 

(b) 

(c) 

https://synonyms.reverso.net/synonyme/en/throughout
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launch a finding for a novel regulator gain to correlate the 

PEVAGi’s DC bus voltage to its reference value during every 

system’s change statement. 

                

 

Fig. 10. Profiles of each PEVAGi DC bus voltage: (a) For 

PEVAG1. (b) For PEVAG2. (c)  For PEVAG3. 

 

 

Table3  

PSO parameters values for both optimization layers. 

PSO parameters  First optimization 

layer 

Second optimization 

layer 

Population size 1000 50 

Number of Iterations 40 20 

Inertia weight W 1 1 

Acceleration coefficients (C1,C2) (2,2) (2,2) 

 

Table4  

PSO and conventional PI controllers’ specifications. 

PI regulators 

PI gains of  

AGiPEV  battery 

 current 

PI gains margin of 

AGiPEV  DC bus 

voltage 

PI gains margin of 

AGiPEV  G2V/V2G 

current in d,q axes 

Parameters 1Kp   1Ki  2Kp  2Ki  3,4Kp  3,4Ki  

Range of each  

PI parameter 

with PSO 

[0 50] [400 2000] [0 10] [0 100] [0 5] [0 20] 

conventional PI 

parameter 
2.2359 237.15 0.1556 5.5 5e-5 5 

 

Fig .11 shows the power curves transferred between the grid 

and the PEVAGi over the 24-h. The negative powers present 

the charge operation and the positive powers affirm the 

operation of the discharge. The overshots are mitigated in 

PSO method as the conventional method. This figure shows 

the importance of the second optimization layer. In fact, 

absolute PEVAGi real powers followed their references 

calculated by the first optimization, which is ensured using 

the corresponding gains found by the adapted PSO 

algorithm.  

 

(a) 

(b) 

(c) 

https://synonyms.reverso.net/synonyme/en/launch
https://synonyms.reverso.net/synonyme/en/finding
https://synonyms.reverso.net/synonyme/en/absolute
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Fig. 11. Profiles of each PEVAGi absorbed or injected active 

power: (a) For PEVAG1. (b) For PEVAG2. (c)  For PEVAG3. 

These gains are flexible since each new system sate has 

different regulators coefficients not similar to those already 

found before. And hence, a perfect PEVs injection and 

absorption is ensured. It is also clear that using first layer 

optimization layers with classical PI controllers is not 

satisfactory due to the response delay, the oscillations and 

deficiency of accuracy tracking. On the other hand, the use of 

the two optimizations layers of "PEVCC" approach 

represents an adequate and robust solution. 

The correct operation of the "PEVCC" approach and the 

constraints satisfactions can also be confirmed by the 

evolution of the SOC curve of each PEVAGi battery as shown 

in Fig. 12. It is clear that at each PEVAGi connection time to 

the smart grid, a new initial SOC value is detected to launch 

G2V or V2G operation. In addition, it is also observable, that 

the SOC curves during one day and during the various 

operating states are well understood between the maximum 

and minimum battery SOC boundary with the use of 

optimized regulators than a conventional one. 

 

 

 

 

 

    

 

Fig. 12. Profiles of each PEVAGi battery SOC: (a) For 

PEVAG1. (b) For PEVAG2. (c)  For PEVAG3. 

4.3. Simulation results of PEVCC objectives attainments: 

The improvement of the proposed "PEVCC" approach on 

daily power demands smoothness for one day can be 

summarized in Fig. 13. It is observable that this power can be 

greatly flattened. Indeed, the power curve of the total load 

demands using the first and second optimization layers, 

shown in red, is more performant and robust than the other 

curves corresponding to the first optimization layer with 

convention PI regulators and without "PEVCC" intervention 

presented in blue and green curve, respectively. Moreover, it 

is perceptible that the red curve is generally enhanced within 

the optimal ranges of loads demands. However, sometimes 

the total load demands curve remains unchanged if the PEVs 

are not connected or for some constraints like unsuitable 

electricity price or SOC limits attainments as shown in these 

periods [8-8.15h], [11.30-12 h], [16.45-17h] and [22-0h]. 

Fig. 14 shows the behaviors of the grid frequency within the 

first and second optimization layers, the first optimization 

layer with convention PI regulators and without "PEVCC" 

intervention presented in red, blue and green curves, 

respectively. It is observable that the frequency state before 

regulation is fluctuated. It exceeds the exigencies set by the 

standards. For the other two curves, shown in zooms, they 

are acceptable and meet the criterion’s requirements. Except 

for that, the red curve corresponding to optimized controllers 

is the best since it has high performance and robustness at 

different state variations. 

 

 

 

 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

https://synonyms.reverso.net/synonyme/en/perceptible
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Fig. 13. Daily loads demands behavior with "PEVCC" 

approach. 

 

 

 

Fig. 14. Grid frequency behavior with "PEVCC" approach. 

The monetary benefit of each PEVAGi owner from using the 

proposed "PEVCC" approach to participate in the electricity 

market is illustrated in Fig. 15. This benefit is the difference 

between the power purchased during G2V operation and the 

power sold during V2G operation. It is noted that during 

these periods [8-8.15h], [11.30-12h], [16.45-17h] and [22-

0h], neither selling nor buying is insured due to limits SOC 

attainment of PEV’s batteries or not to PEV plunged to post 

charge or to expensive electricity price with G2V concept or 

to cheaper electricity price with V2G concept. 

Conventionally, the PEVs are connected to the post charge 

only for charging at any electricity price, so PEV user will 

only buy powers. But now with the exploitation of proposed 

approach, PEVs are, optimally, integrated into distribution 

systems not only to improve the reliability of the smart grid, 

but also to raise revenue and money earn to PEVs users. 

 

Fig. 15. Total cost behavior of each PEVAGi owners with 

"PEVCC" approach. 

4.4. Discussion results  

In this section a comparison between the results obtained by 

proposed "PEVCC" strategy and the existing results of 

literature is ensured.  In fact, the study in [37], focusing on 

minimization of PEV battery charging energy cost, proves by 

simulation results the performance of V2G operation during 

the high price energy to give economic returns and money 

earn to PEV users . Moreover, another study in [38], 

focusing on frequency regulation, proves by simulation 

results the reduction of frequency deviation against load 

changes by keeping the equilibrium between loads power 

demands and grid power generation. Also, the work in [39], 

focusing on daily power demand curve smoothness in smart 

grid, proves, by experimental results, the ability of PEV with 

its both V2G and G2V operation concepts to ensure a 

flattened power load curve in a residential application. All 

these methods have proposed good solutions to enhance 

power electrical system quality. However, each of them 

focuses on a specific objective task, and they don’t take into 

account various problems in power systems. It is also noted, 

that these methods don’t favor enough flexibility either in 

PEV duration of charging or in time of connection and 

disconnection. Moreover, they don’t consider PEV battery’s 

lifetime improvement during participating in the ancillary 

services. Compared to present studies, the proposed study 

joins all these techniques on one control strategy to solve, at 

the same time, various problems in the electrical network. In 

fact, the proposed control strategy  favors both interaction 

and electrical power flow exchange between PEVs and smart 

grid in order to  ensure, simultaneously with big flexibility in 

PEV time connection or disconnection : the regulation of 

grid frequency as shown in Fig. 14 , achievement of the 

smart grid daily power demand smoothness as illustrated in 

Fig. 13, the minimization of daily total cost incurred for each 

PEV charging/discharging as described in Fig. 15, the 

detection of optimal operating access of V2G or G2V 

concepts as mentioned in Fig. 11, the control of battery SOC 

https://synonyms.reverso.net/synonyme/en/performance
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for each PEV as shown in Fig. 12 and the achievement of 

optimal PEVs dynamic responses by adjusting all their 

regulators parameters during participating in these mentioned 

ancillary services as presented in Fig. 8. 

5. Conclusion 

In this paper, a novel multi-objective "PEVCC" strategy has 

been proposed for the optimal integration of PEVs into the 

smart grid in order to solve various problems quality in 

power systems and participate in the electricity market at the 

same time. The proposed "PEVCC" strategy could be 

generalized in any smart grid with any number of PEVs. 

Besides, it considers as a maximum, the flexibility in PEV 

joining or disjoining time to post charge.  This strategy is 

generally composed of two optimization levels: The purpose 

of the first one is to estimate the optimal reference power 

applied to each connected PEV’s converter to reach, 

simultaneously, the maximization of grid frequency quality 

enhancement, the minimization of the daily power demand 

variance, the minimization of charging energy cost to give 

economic returns to PEV users, the detection of PEV optimal 

operating access to function in V2G or G2V concepts and the 

control of each PEV battery SOC limits. The second 

optimization level is concentrated on ameliorating the PEV 

dynamic responses by self-adjusting all its regulators gains 

using the on-line multi-objective PSO algorithm during 

different PEV ancillary services participating. The software 

results show that variations in the total daily load and the 

grid frequency are considerably reduced in desired ranges as 

well as to the economic returns given to the PEVs users. This 

proves the efficiency of the proposed control and its ability to 

optimally integrate PEVs into the smart grid . 
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