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Abstract: A huge inrush of Electric Vehicles (EVs) 

is anticipated in the near future. As a new generation 

of transport, electric vehicles have several 

advantages compared with conventional vehicles in 

the aspects of energy conservation and emission 

reduction and human dependence on traditional 

fossil fuel.  As there is an increase in Electric Vehicle 

(EV) around the world, making EVs user-friendly 

becomes more significant. The main challenge in the 

usage of EV is the charging time required for the 

batteries used in EV, lack of charging stations and 

therefore charging within existing distribution 

system infrastructure. In order to provide the 

comfortable power system for the EV battery system. 

The power converter must be relate with input power 

and EV battery power rating state of charge (SOC).   

Hence the high power converter is needed to give the 

high voltage and continuous conduction for helping 

fast and regular charging. The proposed converter 

is combines the simple boost and cuk-converter and 

proving the high voltage gain and discontinuous 

conduction mode. The proposed converter is 

capable of charging EV in variable PV condition. 

The SOC is measured through Arduino UNO and 

according to EV battery SOC, the microcontroller is 

giving the voltage gain to the proposed converter. 

With the Android application, the users will be able 

to save time and plan their ways accordingly. 

 

Keywords: Electric Vehicle (EV), State of Charge 

(SOC), DC-DC converter, Charging Stations (CS). 

 
1. Introduction 

 Electric vehicles (EVs) usage is started 

to increasing in the current era as an eco-

friendly and cost-effective alternative nature 

[1]. They have lower operational charges with 

respect to ICE vehicles and can be also charged 

with renewable energy sources (RESs) such as 

PV and wind power plant. [2]. Connection to 

the electric power grid allows opportunities 

such as ancillary services, reactive power 

support, tracking the output of renewable 

energy sources, and load balance. The 

important issue about EV charging is to deploy 

an efficient smart grid network that can 

effectively and conveniently charge the EVs. 

The secondary batteries are the main sources of 

electric vehicles. Thus, the energy management 

and the battery capacity plays a vital role in the 

development of hybrid electric vehicles (HEV). 

[3] The main challenge in the HEV is the 

charging time required for the batteries and 

insufficiency of charging stations (CS)[4]. 

      Battery management systems (BMSs) on 

the EV is an important part of the battery 

system. The power given to the battery system 

is done by power converters. Particularly the 

solar power charging stations are providing 

more attention to EV consumer. Here the power 

demand is mainly concentrated for changing the 

battery in fast charging (level-1 charging 

method). Based on the converter voltage gain 

and stability of the battery system, the 

efficiency is increasing and the battery system 

is maintained in an accurate and reliable 

operational condition. Recently, many DC/DC 

converters are proposed by the researchers 

based on the high gain and continuous current 

conduction mode operations. Basically, 

converter providing voltage bucking/boosting 

is required in many applications such as PV 

systems and fuel cells [5–8]. Many 

situationsare a kind of practices, an additional 

DC/DC buck–boost converter is needed to 

regulate the output voltage. Several converter 

types are accomplished by providing both step-

up and step-down [9]. The converters are 

basically classified into isolated and non-

isolated. The isolated converters are cuk, sepic 

and zeta converters and flyback converter [11].  

Some DC/DC buck–boost converters are 

recently proposed by using the KY converters 

[11–14].Nevertheless, these converters are 

having more number of four power switches 

have been used in these converters. The BMS 

does baseon measuring the system current, 

voltage, and temperature, and the cells’ state of 

charge (SoC), state of health (SoH) and 

remaining useful life determination, protecting 



 

 

the cells, thermal management, controlling the 

charge/discharge procedure, monitoring, 

storing historical data, data acquisition, 

communication with on-board and off-board 

modules (may be charger), and most 

importantly is the cell balancing [10].A level 1 

household charger (120V, 50Hz, 15-20A) is 

more than 15 hours. [15] In future, the number 

of electric vehicles will be increasing to a 

greater extent, these electric vehicles have to re-

charge their battery in a place (i.e.) charging 

station, and therefore there will be a growing 

need for public accessing charging stations. 

[16] This will have a considerable impact on the 

power systems like transformers, protection 

devices etc.  With respect to the varying load, it 

will have an impact on the consumers and 

vendors due to the traffic at this station, waiting 

time for charging the vehicles will increase etc. 

Consequently, to progress all these factors there 

should be suitable monitoring systems to 

manage them, like the smart grid technologies 

monitoring the load on the power grids [17-19].  

Therefore both the consumer and vendor will 

get assistance from a communication system 

which shares useful data regarding the charging 

station, whether the charging slots are free, the 

rate at which charging is done and the cost per 

unit. This is basically what is known as a 

vehicle to grid communication (V2G) [20]. 

  Based on the above discussions, the power 

converter designs with respect to the battery 

management is important for the consideration 

of PV fed EV charging system. This paper deals 

with the high boost ratio DC-DC converter and 

power measuring system for EV. The system 

model is tested with real-time PV system and 

the tested results are verified with power 

management test bench. Chapter 2 is discussing 

the battery management system and EV on DC 

micro grid and chapter 3 deliberate the 

proposed converters and its operation. In 

chapter 4, the battery power measurement of 

EV is explained. The chapter elucidate the 

experiment results. 

 

2. DC Microgrid Power Architecture  

Typically, a DC micro grid has structured the 

combination of PV and wind power with 

battery storage. The major loads on the DC 

micro gridare home appliances and EVs. The 

roof top based PV power system is the best 

option of feeding power to EVs. The voltage on 

DC bus required to guarantee power share and 

prevent current leakage with more sources [24]. 

When the loads are added to the micro grid, the 

voltage balancing control and energy 

management become thought-provoking. The 

Fig.1 shows the simple DC Microgrid Power 

Architecture. EV power feeding is a major task 

here since the EV load is flooding and the 

power converters (DC-DC) are performing the 

power conversions based on the available solar 

power and energy storage devices. According 

to the charging station nature, the EV are 

getting charged either in fast or slow changing. 

The EV charging management is mainly 

grouping in two technology; 1. Power 

converters with charging and battery power 

management   

 

 
 

Fig.1 DC Micro grid Architecture 

2.1. EV Charging module: 

The EV changing station are essential can 

categories in the following point  

2.2 House- hold charging point:  
Level-1 charging (fast charging) equipment is 

standard on vehicles and therefore is portable 

and does not require the installation for 

charging equipment [25].  

2.3 Public Charging Stations: The public 

charging equipment offers to charge through a 

240V, AC plug and requires the installation of 

home or public charging equipment. Depending 

on the battery technology used in the vehicle, 

public charging generally takes 4 to 6 hours to 

completely charge a fully depleted battery 

[24,25]. Charging time can increase in cold 



 

temperature. Lithium ion batteries support the 

charging temperature of 0˚C to 45˚C (32˚F 

to113˚F) and discharging temperature of -20˚C 

to 60˚C (-4˚F to 140˚F).  

2.4. Range Prediction 
It provides guidance to the CS with the 

possibility of reserving a charging slot using the 

range charging assistant function. Based on the 

battery state-of-charge (SOC) [23], and 

remaining distance, the system can calculate the 

minimum energy required in the batteries and it 

indicates the driver whether the destination can 

be reached or not with the present SOC. So that 

the users can make it possible to reach the 

desired destination or they can plan to reach the 

nearest CS. The range prediction can be 

estimated using the formula given in Distance 

estimation in Chapter III. 

2.5 Emergency charging  

When the EV’s battery SOC is very low, the 

EV’s location will be sent to the mobile 

charging stations [26]. The SOC describes the 

Battery’s remaining power. The SOC and DOD 

is defined by the following equations (1) and (2) 

SOC = (Qtotal −
Qout

Qtotal
⁄ ) ∗ 100   (1) 

DOD = 1 − SOC                             (2)                           

Where 𝑄𝑡𝑜𝑡𝑎𝑙 is the charge available before 

discharging of the battery 

𝑄𝑜𝑢𝑡 is the charge during discharging of the 

battery. 

𝐷𝑂𝐷is the Depth of Discharge 

2.6. External Interface System 

The Battery SOC, speed and the temperature 

must be communicated to the android 

application via Bluetooth. Bluetooth is 

preferred because it can communicate up to100 

meters. Hence that it can achieve the prediction 

of reaching the destination. 

2.6 EV Charging power converters: 

The power converters are preferred to give the 

boosting power in order to maintain the EV 

battery charging rate, which is defined by SOC. 

Based on the SOC level, the EV is deputed 

either to have fast charging or slow charging.  

The Load forecasting is an important aspect, 

which helps to predict the peak loads. 

According to the peak load the number of cars 

that can be charged is estimated [28]. This 

informationis a boon to predict the EV power 

needs.  The most distinct specifications of 

batteries are longer recharging time and limited 

battery cycle life, which badly restrict the 

development of EV [27]. As for the EV 

charging station, its main objectives include 

high decline in recharge time, high charge 

efficiency and improved battery life. Charge 

time and cycle life of battery are closely linked 

with charging pattern. Choosing the right 

charging pattern based on the actual condition 

ensures high charge efficiencies and improved 

cycle life. The PV tied battery charging station 

involves PV system and power converters and 

charge control. The converter delivers the 

required amount of voltage to the EV battery to 

provide fast charging. Here the converter needs 

to provide the high boosting naturally [28]. 

Hence the battery can achieve better SOC 

characteristics. The double boost converter is 

proposed in this paper for proving the better 

voltage gain and stability. The proposed 

converter is mergesthe simple boost converter 

with the Cuk-converter. PV connected cuk-

converter is connected to charge control unit 

and proving the power management on the EV 

battery.  

3. Proposed PV tied Cuk-converter 

        EV is electrical power circuit which is 

grouped into three major parts such as DC-DC 

converters, battery and motor [5]. Here, the DC-

DC converter plays a vital role in power 

management to provide the required amount of 

voltage and current to the battery. However, for 

increasing the boosting factor, converter need 

additional switch and energy storage elements.   

Employing a single power switch reduces the 

implementation cost and switching power 

losses. Hence in order to achieve an extra 

boosting, the proposed converter is the 

combination of the boot converter and Cuk 

converter. It has only one power switch with 

higher voltage gain in a step-up mode in 

comparison with conventional buck–boost and 

Cuk-converter. The proposed DC–DC 

converter controls the dc link voltage using 

capacitive energy transfer which results in 

anon-pulsating input and output currents and 

are operated at a high switching frequency for 

fast and effective control with the additional 

advantage of a small size filter. The fig.3 shows 

the proposed cuk converter 

 

 
 

 

 

 

 
Fig.2 conventional dc-dc boost converter 



 

 

 
 

Fig.3 conventional Cukconverter 

 

 

 

 

 

 

 

 

 

 

 
  Fig.4 Proposed high gain Cuk-converter 

The proposed converter is able to boot two 

times with single switch. The Mode of 

operation of proposed cuk-converter is 

described below. The Fig.5 to 7 illustrate the 

converter in different modes of operation. The 

Fig.8 shows the mode diagram for proposed 

converter. 

Mode -I (t0 – t1): During S in ON condition, the 

inductors L1 and L2 are in charging mode and 

D2 is ON, while capacitor C1 is discharging and 

D2 and L2 are blocked by negative voltages of 

VC2 and VC1. 

 

 

 

 

 

 

 

 

 

 

 
Fig.5  Mode- I (t0 –t1) 

 

Mode -II (t1 – t2): In this mode of operation S 

is OFF. Hence the VC1 is smaller than VC2. 

During this period the capacitor C2will be 

charged ( voltage across C2 is increasing ) and 

the energy on the L1 and L2 starts to decrease, 

Diode D1 will stay blocked but diode D2 will be 

ON.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. Mode- II (t1 –t2) 

 

Mode -III (t2 – t3): This mode is Operating 

when the power switch S is turned OFF and 

voltage across capacitor 𝐶2 is equal or smaller 

than voltage across capacitor 𝐶1. Both inductors 

are in discharging mode and capacitors 𝐶2 and 

𝐶1 are being charged by the current that flows 

through the inductor𝐿1. Then both diodes are 

turned ON. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7. Mode- III (t2 –t3) 

 

The static voltage conversion ratio for the 

classical boost is
Vc2

PV
and

VC3

PV
for Cuk converters 

IN CCM and switch duty-cycle 𝜕. 

 
Vc3

PV
=

1

1−∂
          (1) 

Vc1

PV
=

∂

1−∂
           (2) 

The extended statics voltage gain of theDC-DC 

converter in CCM is the sum of the 

conventional converters. 
Vo

PV
=

1+∂

1−∂
          (3) 

Average value of the continuous input 

currentIL1 

PVIL1 = VOIO↔IL1 =
1+∂

1−∂
IO  (4) 

Consider, 

Δ𝑡𝑜𝑛 = 𝜕𝑇 in (5) and 𝛥iL = iL1(t) − iL2(to)  

iL1(t)=
VLi

L
Δto + iLi(to)   (5) 



 

L1 =
PV ∂T

ΔiL1

             (6) 

Δtoff = (1 − ∂)T 

The inductor L2 

L2 =
VC3(1−∂)T

ΔiL2
           (7) 

POis the load power 

C2 =
1

ΔVC2

PO

VO
Δt1          (8) 

C1 =
1

ΔC3

PO

V0
Δt2          (9) 

Value of capacitor C3 is obtained by 

considering that the charge variation of the 

capacitor ΔQ is related with the current 

variation in the inductorL2ΔiL2 

C3 =
ΔQ

ΔVC3
              (10) 

ΔQ =
T ΔiL2

4

2
               (11) 

C3 =
TΔiL2

8ΔVc3
                (12) 

 
 
Fig. 8 mode of operation of proposed cuk  

converter  

 

 
 

Fig.9. EV power connection setup 

 

In EV the main energy source is assisted by one 

or more energy storage devices. Thereby the 

system cost, mass, and volume can be 

decreased, and a significantly better 

performance can be obtained. Two often used 

energy storage devices are batteries and SCS. 

They can be connected to the fuel cell stack in 

many ways. A simple configuration is to 

directly connect two devices in parallel, 

(FC/battery, FC/SC, or battery/SC) [1]. 

However, in this way the power drawn from 

each device cannot be controlled but is 

passively determined by the impedance of the 

devices. The impedance depends on many 

parameters, e.g. temperature, state-of-charge, 

health, and point of operation. Each device 

might, therefore, be operated at an 

inappropriate condition, e.g. health and 

efficiency. The voltage characteristics also have 

to match perfectly with the two devices, and 

only a fraction of the range of operation of the 

devices can be utilized, e.g. in a fuel cell battery 

configuration, the fuel cell must provide almost 

the same power all the time due to the fixed 

voltage of the battery, and in a battery/super 

capacitor configuration only a fraction of the 

energy exchange capability of the super 

capacitor can be used. 

 

4. Proposed battery power measurement and 

management   

 

The Charge controller keeps monitoring the 

details of the electric vehicle and communicates 

to the charging station server as well as to the 

requirement of SOC limit. The Fig.10 describes 

the circuit connections for measuring the SOC 

of the battery. The current SOC of a battery is 

simply a maximum charge minus the current, 

multiplied with time for which it was flowing.  



 

 

The flowchart for the estimation of SOC is 

given in the fig.3 

 

 
 
Fig. 10 Flow chart for the determination of SOC 

 

The SOC is measured using the following 

equations (3), (4), (5) and (6) 

 

𝐴𝑚𝑝𝑠 =  
𝑉𝑜𝑙𝑡𝑎𝑔𝑒

0.060
 (3) 

 

𝑊𝑎𝑡𝑡𝑠 = 𝐴𝑚𝑝𝑠 𝑋 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 (4) 

 

𝐴𝑚𝑝ℎ𝑜𝑢𝑟𝑠 =
𝐴𝑚𝑝𝑠 𝑋 𝑇𝑖𝑚𝑒

3600
 (5) 

 

𝑆𝑂𝐶 =
400−𝐴𝑚𝑝ℎ𝑜𝑢𝑟𝑠

400
𝑋100 (6) 

3.1 Monitoring the battery SOC 

Hardware implementation includes the 

connection of battery with the Arduino UNO 

board and then monitoring the voltage of the 

battery. In this, the battery is connected to one 

end of the voltage divider and the other end of 

the voltage divider is connected to the pin A0 of 

the Arduino UNO board. 

 
Fig. 11 monitoring the battery voltage 

 

The ground pin is connected to the negative 

terminal of the battery. The voltage of the9V 

battery is measured and it is displayed on the 

PC using the serial port which has the baud rate 

of 9600. The voltage measured is 8.54V for a 

9V battery. The battery voltage is measured 

using the voltage divider rule. The connection 

of 9v Battery to the Arduino UNO is shown in 

the above fig.11 

 

 
Fig. 12 Battery Voltage - Display 

 

B. Arduino – Bluetooth Interface  

               The fig. 12 shows the interfacing of 

the Bluetooth Module to Arduino for receiving 

the battery voltage and SOC from the Arduino 

to android mobile. The key pin of the Bluetooth 

module is connected to the 3.3V of the Arduino 

board, the VCC pin is connected to the 5V pin 

of the Arduino.  



 

 
Fig. 13 Arduino – Bluetooth Interface 

 
The TX pin of the Bluetooth module is 

connected to the RX pin of the Arduino board. 

The RX pin of the Bluetooth module is 

connected to the TX pin of the Arduino board. 

The battery voltage is communicated to the 

android via the Bluetooth module. The 

Bluetooth module used here is HC – 05. It 

supports the baud rate 9600. The Voltage is 

then displayed in the android is shown in fig. 13 

 

5. Experimental Verification  

     To verify the operation of the proposed 

converter with charge controller, the 

experimental setup is developed for solar tied 

Cuk-converter connected to EV battery. The 

experimental setup of proposed DC-DC 

converter is shown in Fig. 14.The set the 

different PV voltage value a 100 W, 42 V PV 

panel is utilized to test the proposed converter 

for EV changing requirement. The test bench 

has carried the results for low irradiation to 

maximum irradiation of PV installation. The 

converter gains the voltage in all the stages of 

PV power generation. The PWM pulse is 

delivered from PIC microcontroller. Initially, 

the converter is tested with 45V. The 90 W 

power and the DC link of the converter is fixed 

and the results were analyzed. 

 

 
 
Fig.14 Excremental setup of proposed cuk converter 

 The fig. 15 and Fig.16shows current 

waveforms of the inductors L1 and L2. Fig. 17 

shows the experimental results of the proposed 

converter operating in acontinuous mode with 

65% duty cycle. As it is shown in Fig.18, the 

output voltage is 102 V when the input power 

is 45V for d=0.65. 

 

 
 
Fig. 15. Experimental waveforms for proposed 

converter duty cycle [5V/Div, 2msec]; and inductor 

L1 current [0.5Amps/Div, 2 msec]. 

 

 
 

Fig. 16. Experimental waveforms for proposed 

converter duty cycle [5V/Div, 2msec]; and inductor 

L2 current [0.5Amps/Div, 2 msec]. 



 

 

 
Fig. 17. Experimental waveforms for proposed 

converter duty cycle [5V/Div, 2msec]; and output 

voltage [30 Voltage Amps/Div, 2 msec]. 

 

 
 

Fig. 18. Experimental waveforms for proposed 

converter input voltage [100V/Div, 2msec]; and 

output voltage [30V/Div, 2 msec]. 

 

Next, the change control algorithm for route 

prediction is tested based on the current value 

of the vehicle battery’s SOC. It proposes all the 

charging stations covering the limit.CSS 

communicates with other vehicles to determine 

the road traffic and gives an approximate time 

and charge remaining until a specific charging 

station is reached. It also suggests an alternate 

route to the nearest charging station in case of 

heavy traffic. The driver chooses the charging 

type and blocks a slot considering least waiting 

time. The CSS uses the mobile network to 

communicate with the vehicle and CSS. It also 

proposes the current metering scheme at 

particular CS and compares with other CS price 

which can be done through a demand based 

metering system where EVs will be charged 

according to peak time and peak load. 

 

 
Fig. 19 Route prediction algorithm 

  

Speed, battery pack KW rating, driving 

conditions, aerodynamics, vehicle weight, hills, 

temperature, driving styles and several others 

play a vital role in the distance prediction. Here 

the battery pack KW rating and the speed is 

considered for the distance estimation. The 

equations (7), (8) and (9) are used for the 

distance estimation. 

Distance =  
Battery pack size (KW)

Watt−hour
mile⁄

   (7)    

Watt − hour
mile⁄ =

Volts X (
Ampere draw

mile  per hour⁄ ) (8) 

Battery pack size(KW) =
pack voltage X Amp − Hour rating         (9)     

 

The battery condition is tested based on three 

case studies as follow; 

Case 1: When PV power is less, and EV battery 

SOC is less than 50%; 

In this case, the based on the SOC value the 

battery charges from the PV and the converter 

provides the high voltage gain for helping the 

fast changing to rate in quicker time interval. 

Case 2: When PV power is less, and EV battery 

SOC is greater than 50%;  

In this case, based on the SOC value, the battery 

charges from the PV and the converter provides 

the normal voltage gain for helping the nominal 

changing  

Case 3: When PV power is less;  

In this case, the based on the SOC value is near 

to 100 %, the PV directed their power to the 

local battery. 

 

4. Conclusion 

 The main aim is to develop power 

converter and battery changing controller for 

electric vehicle users. The proposed DC-DC 

converter and EV power management is 

verified though hardware with different PV and 

battery SOC conditions. It mainly concentrates 

on measuring the battery state of charge. After 

measuring the SOC it must be communicated to 

the android application via the Bluetooth 

module (HC – 05). An algorithm must be 

developed in order to predict whether through 

the available power the converter must do fast 

or regular charging method. For future 

implementation, the bidding process can be 

used in the allocation of the parking lot to the 

electrical users. 
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