
              Proceedings of the 2
nd

 International Conference, The Federal Polytechnic, Ilaro, 10
th

 – 11
th

 Nov., 2020 

 
 

1599  Keshinro, K. K., Oyetola, J. B. & Akanbi, L. 

DEVELOPMENT OF AN INTELLIGENT BATTERY CHARGING SYSTEM  

 

Keshinro, K. K.
1
 , Oyetola, J. B.

2
 & Akanbi, L.

3
 

1
Corresponding Author: Computer Engineering Department, Lagos State Polytechnic, Ikorodu, Lagos State 

Keshinrokk200@yahoo.com 
2
 Electrical/Electronics Department, Lagos State Polytechnic, Ikorodu, Lagos State 

3
Research Scholar, Embedded Kits Technology, Oshogbo, Osun State 

Abstract 

Battery chargers do not only replenish rechargeable batteries, but they also preserve the battery life because wrong 

charging or handling can permanently damage even a brand new battery. Likewise, charging batteries using 

extremely low Voltages can weaken and destroy the batteries. However, Voltage selection error can occur when it is 

being done manually. This is just one of the major benefits of using an intelligent battery charging system. 

Replenishing batteries with the appropriate amount of charge will not only extend its use per charge but will also 

increase the number of charge and discharge cycles during its entire working period. This means that the money 

frequently spent purchasing new batteries for replacement can be saved. In this study, an intelligent battery charging 

system was developed to effectively charge batteries from 6 A to 48 V with automatic charging Voltage selection. 

Major components of the system include an AC-DC converter, buck converter, LCD module, Voltage regulators, a 

comparator circuit, sensors, feedback unit, and PIC microcontroller. The developed model was subjected to tests 

under various charging conditions and the results were in accord with the objectives of the research. A charging 

voltage of 56 Volts was obtained, with a charging current of 9.8A when the system was used to charge four number 

of 12 V100Ah fully discharged batteries connected in series.  

Keywords: Buck Converter, Duty Cycle, Feedback. and PWM Signal   

 

INTRODUCTION 

 

Electric Vehicles (EVs) have been the present trend in the automobile as a replacement for the internal combustion 

engine (Paridari, K., Parisio, A, (2014)). Thus, it is never too early to start preparing ahead of the possible 

challenges in the implementation of this technology. Rechargeable (secondary) batteries are employed in EVs for 

the storage of electrical energy in form of chemicals (Kularatna, 2018). The sustenance of this source of energy for 

the provision of motive power in the vehicles is of major concern. (Li J., Han Y., and Zhou S. (2016)). With the 

introduction of electric vehicles, our fuel stations will in no time be replaced by car charging stations. (Jia, et al., 

2015). Batteries are expensive and a frequent replacement would become unaffordable by most motorists in 

developing countries. The resultant effect of this would be increased in the cost of transportation which will reflect 

on the cost of goods and services. Avoiding the dangers in pollution and global warming via the use of electric cars 

should not make so much negative impact on our economy (Chen, Y., Liu, Z. (2014)). This paper identifies poor 

battery charging system as the major cause of reduced cycle life as well as diminishing charge acceptance in 

batteries. It also presents a reliable, fast, and safe charging system as the most cost-effective means of preventing the 

need for frequent battery replacement. This is because the reliability and durability of rechargeable batteries depend 

largely on the performance and capability of the charging methodology employed (Abdollahi, A., Han, X. (2016)). 

This research is not restricted to electric vehicle charging only. In developing countries where access to twelve hours 

uninterrupted power supply is still a vision, the usage of inverters cannot be effective because the batteries rarely get 

fully charged before being subjected to full (if not extreme) discharge. Since the hours of power outage daily is often 

more than the hours for which power is usually available, a better alternative in such an environment is to store as 

much energy as possible within the short period for which the public power supply is accessible. The stored energy 
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can later be retrieved through the use of inverters if AC mains is required. Otherwise, it can be consumed directly 

using DC loads to avoid the usual losses associated with energy conversion. The property of getting more batteries 

charged within a short duration possessed by our developed model can be of great benefit in such situations. 

Battery Charging Systems 

The advent of electric vehicles had made lithium-ion batteries more widely used. Consequently, various charging 

methods such as constant-current (CC), constant-Voltage (CV), constant-current constant-Voltage (CCCV), and 

constant-trickle (CT) charging have been developed. There are numerous types of battery chargers but they all 

operate on similar basic principles. Fast-charge ability is one of the features that make a particular charging system 

different and better in performance than another (Ayoub & Karami, 2015). The purpose of fast charging is to put in 

as much energy as it takes to bring a battery back to a fully charged state within the shortest possible time without 

permanently affecting the long-term performance of the battery or causing any damage to it. An appropriately 

executed fast-charge, matched with the specifications of the battery rated for such charging, will deliver a long cycle 

life (Rutto, et al., 2014). Charge termination is another property of a good battery charging system whose relevance 

cannot be overemphasized (Shrestha, Chew, et al., 2017). When a battery is yet to be fully charged, the electrical 

energy of the charge current is transformed into chemical energy in the cells by the charging reactions. But, when all 

of the available active material has been transformed into stored charges, the energy present in the charging current 

then activates other unwanted chemical reactions, producing heat and gases from the cells (Kularatna, 2018).  

In a fast-charging system, the high charging rate involved causes rapid electrochemical reactions within the cells of 

the battery. Consequently, whenever the battery goes into overcharge, these reactions lead to a swift increase in 

temperature and pressure of the internal cells. Flooded lead-acid batteries do emit corrosive and explosive gases 

when experiencing overcharge (continued charging of a battery after it has become fully charged). The resultant 

effect of this is simply irreversible battery damage (Lee, Moon, et al., 2011). To avert this damage, when a battery 

approaches full charge, the charging current is often reduced to a lower (top-off) level. Thus, charge termination is a 

unit of a fast-charge system for preventing the high-rate overcharge. The reliability of a battery charger depends on 

the method of charge termination put in place. (Xiong, Cao, et al., 2017). Temperature-Based and Voltage-Based 

charge termination methods are the two common practical approaches. 

METHODOLOGY 

The intelligent battery charging system presented in this paper is a fast-charger designed to automatically sense 

battery terminal Voltage in the range of 6 V to 48 V, supply the corresponding charging Voltage, and terminate the 

charging process when a combination of temperature, Voltage, and time shows that the battery is fully charged. The 

system is designed to prevent both undercharge and overcharge conditions. Human interference in the operation of 

the system is minimized. This is not only to make charging of batteries more comfortable and speedier but also to 

eliminate human errors likely to occur in the process. The system monitors battery temperature, Voltage, and time-

under-charge to decide the ideal charging current at every instant. The output current of a battery charger generally 

depends on the capacity and state of discharge (SOD) of the battery. The maximum output current a charging system 

can offer is based on the rating of the charger itself. This factor determines the capacity of the battery (or pack of 

batteries) the system can effectively charge within the shortest allowed duration.  

The developed model which has both hardware and software components contains a PIC16F877A microcontroller, a 

16 x 2 LCD module, and various circuitry divided into modules. The modules include the buck-converter, filter, 

charge controller, Voltage-comparator, rectifier, regulator, feedback, sensing, and switching circuitry. Each of the 

sensing circuits contains different types of sensors for Voltage, current, and temperature. The switching circuits are 

made up of transistors and diodes.  
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In this research, the use of a conventional power transformer was identified as a major source of energy loss in the 

traditional battery charger. Thus, a buck converter which is essentially a switch-mode power supply (SMPS) was 

used as a replacement. LCD module was integrated into the system for displaying some essential parameters such as 

the initial battery voltage, the charging current, and Voltage at any instant. Also displayed by the module is the 

temperature of the battery under charge and the instantaneous battery Voltage as charging progress. The 

microcontroller was used to run dedicated codes that control all the tasks involved in the operation of the system 

including the data displayed by the LCD module. Before embarking on the actual construction, computer 

simulations were carried out to evaluate the performance of the system and make the required alterations. 

System Overview 

The battery charging system is powered through a 220 V, 50 Hz supply. When the system is connected to the mains 

via its power cord, the AC – DC converter produces a high frequency (i.e. 100Hz) pulsating dc Voltage of minimal 

ripple content. This unregulated dc output Voltage is fed to the buck converter and power supply of the 

microcontroller unit (MCU). The buck converter supplies an adjustable constant charging Voltage to the battery (or 

pack of batteries) at its output.  
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Figure. 1:Simplified Block Diagram of the Battery Charging System 

The specific charging Voltage to be made available at any instant is determined by the microcontroller in 

conjunction with some other circuitry not shown in figure 1 on the block diagram above, for simplicity. The 

microcontroller was programmed to enable a charging Voltage of 15-Volt for a 12-Volt battery, 30-Volt for a 24-

Volt battery pack, 45-Volt for a 36-Volt battery pack, and 60-Volt for a 48-Volt battery pack. However, the 

magnitude of the charging Voltage which is always constant at any instant depends on the terminal voltage of the 

battery to be sensed by the microcontroller. 

A command to terminate the charging process at any moment is given by the microcontroller based on information 

available from the sensors. The MCU power supply produces a 5-Volt regulated DC Voltage to energize the 

microcontroller circuitry. The LCD helps to know the status of the battery under-charge as well as the performance 

parameters of the battery charging system itself. The microcontroller components were initiated to create 

communication. 

 

 

 

AC-DC Converter 
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This is a line rectifier and a capacitor. The line rectifier is a full-wave bridge rectifier consisting of four numbers of 

6A10 diode. This particular type of silicon rectifier was chosen in our design due to some of its unique 

characteristics. It can conveniently handle high Voltage from the mains without dissipating too much heat. It has a 

maximum recurrent peak reverse Voltage of 1000-Volt, the maximum average forward output current of 6-ampere, 

maximum forward Voltage drop of 0.95-Volt at 1.0A DC per element. 6A10 diodes possess a typical junction 

capacitance of 150 pico-farads. Also, their operating and storage temperature range is -65 to +175 °C. 
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Figure 2:  AC-DC Converter Circuit 

Figure 2 is the rectifier that converts the mains AC input Voltage to a 100-hertz pulsating dc Voltage. 

The 4700µF electrolytic capacitor connected across the rectifier output serves as a filter capacitor. It smoothens the 

rectifier output for the least ripple content. The rectifier output Voltage can be expressed as: 

 

But the peak Voltage,    =    

Which implies that:  

The root-mean-square Voltage,  =  220V 

→   =     =  198V 

Where Vp is the primary Voltage; Vout is the output or secondary voltage, Vrms is the root mean square voltage.  

 

 

 

Buck Converter 
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The buck converter serves the purpose of a step-down DC transformer. It is a DC-DC converter used to step down 

the DC output Voltage of the AC-DC converter. The buck converter can operate on a wide range of input Voltages, 

it is capable of supplying multiple output Voltages, it can regulate the multiple output Voltages with a single control, 

and it uses fewer components compared to other types of SMPS. The choice of buck converter in the design was 

also due to its ability to handle high output currents and generate less radio frequency (RF) interference. Besides, the 

buck converter has higher efficiency and lower heat losses. PWM  technique was used to control the DC Voltage 

output ( ) of the buck converter which is essentially the charging Voltage ( ) applied to the battery (Figure. 2). 

It can be analyzed that: 

 

Where: D = Duty cycle of pulse width modulation signal or square wave; and 

 = Input Voltage of the buck converter. 

The above expression indicates that the output voltage of the battery charger at any instant is directly related to the 

duty cycle. Figure 3 below shows that the charging Voltage can be varied by changing the duty cycle of the square 

wave. The output voltage also depends on the switching frequency of the switch. The remains constant because 

It is determined by the amplitude of the square wave. Major components of the buck converter include a switch, a 

PWM driver circuit, a flyback transformer, and a half-wave rectifier. 
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Figure. 3:  Circuit Diagram of the Buck Converter  

 

https://microcontrollerslab.com/main-transformer-parts/
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a) The Switch 

This is one of the most important parts of any DC-DC converter. The output voltage of the buck converter is being 

varied by controlling the turn-on and turn-off time of the switch. MOSFET is the power switching device used in 

our buck converter and the specific type selected for this work is IRFP22N50A due to its low on-state resistance, 

high switch frequency, and high power handling competence (Fig.3). These transistors are turned on and off by the 

pulse-width-modulation signal. 

b) The PWM Driver Circuit 

This is the MOSFET driver. It was used to control the duty cycle of a pulse width modulation signal which in turn 

determines the turn-on and turn-off time of the MOSFET. Two number of PWM driver ICs (IR2112) were used to 

drive the four n-channel power MOSFETs (Q1 to Q4) which were connected in a bridge configuration. The High 

and Low outputs (HO and LO) pins of U2 were connected to the gates of Q1 and Q2 respectively such that U2 was 

only responsible for driving these two MOSFETs (Fig. 3). Also, the HO and LO pins of U3 are connected to were 

connected to the gates of Q3 and Q4 so that the second set of MOSFETs can be driven by the other driver IC. In 

other words, Q1 and Q2 are driven by U2, while Q3 and Q4 are driven by U3. The High Input (HI) pin of U2 was 

connected to the Low Input (LI) pin of U3, while the LI pin of U2 was connected to the HI pin of U3. Then, inputs to 

the two drivers ICs were taken to pin 17 on port C of the PIC16F877A microcontroller via an inverter (NOT Gate). 

These connections were made to ensure only one MOSFET is conducting at a time in a pull-push pattern. Also, U2 

and U3 which constitute a full-bridge MOSFET driver provide the required timing. 

c) The Fly-Back Transformer (FBT) 

This is known as a planar switching power transformer or a forward transformer. It can be visualized as an inductor 

with an extra winding (mutually coupled inductor) which stores energy when current passes through and releases the 

energy when power is removed. The primary winding of the flyback transformer (TR1) is driven as a result of high-

speed switching of the output DC Voltage from the AC-DC converter. The input voltage of the transformer is 

converted into a magnetic field, whereas the output voltage is generated by the periodically collapsing magnetic 

field. Fly-back transformers operate at frequencies ranging from 20 kHz to 200 kHz. Thus, they are traditionally 

used to generate high Voltage signals at a high frequency.  

d) The Half-Wave Rectifier 

This rectifier was incorporated to get a regulated step-down Voltage. It converts the pulse train coming from the fly-

back transformer windings to direct current. A full-wave rectifier was not used because there are no corresponding 

pulses of opposite polarity. The Schottky diode was used as the rectifier due to its fast reverse recovery time 

(switching time from turn on to turn off and vice versa) and low forward conduction losses. The capacitor connected 

across the output of the rectifier (Figure .3) smoothens the rectified Voltage for the charging of batteries. A feedback 

circuit was implemented to monitor the output Voltage using the operational amplifier LM358. 

e) The LCD Module 

The reasons for choosing this particular type include the ease of programming, its low power consumption, as well 

as its ability to display numbers, character, and graphics. The microcontroller communicates with the LCD module 

via its in-built HD44780 controller such that all the information to be displayed by the LCD is determined by the 

PIC 16F877A microcontroller. The in-built controller of the module was initialized before sending data to the LCD 

otherwise nothing would be displayed. Data were transferred using only 4 buses (D4-D7) while D0-D3 was not 

used. Using the entire 8 data buses (D0-D7) only becomes necessary when interface data were 8 bits long. The 

https://en.wikipedia.org/wiki/Direct_current
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control lines of the LCD (RS and E) were connected to pins 38 and 39 (RB5 and RB6) of the microcontroller 

respectively, while the data buses of the LCD (D4 - D7) were connected to pins 34–37 (RB1–RB4) of the chip 

respectively. To power, the LCD module, VSS, VDD, and VEE were used as power pins. The backlight pins were 

connected across a 1kΩ potentiometer and the output of the potentiometer was then connected to the VEE pin so 

that the LCD contrast can simply be adjusted by rotating the potentiometer knob forward and backward. 

f) The Microcontroller 

The microcontroller is used for generating the PWM signal which is handled by its two CCP (capture compare 

PWM) modules. Its ability to generate variable duty cycle digital signals is of great benefit in this design. The 

PIC16F877A microcontroller was chosen because of its flash memory’s multiple write-erase features, support for up 

to eight analog sensors, low cost, and ease of handling. The programming of this controller was done in C language. 

Although the official compiler developed by manufacturers of PIC16F877A is MPLAB XC8, Mikro C was used to 

program it. 

 

 

Figure.4: Internal View of the Designed system 

 

Results and Discussion  

The entire hardware was assembled inside a covered PVC box as shown in Figure. 4. The battery charger was 

subjected to tests under various charging conditions and the results were in accord with the objectives of the 

research. Equipment used for the tests includes an oscilloscope, an ammeter, a Voltmeter, and a timer. The 

oscilloscope was used to observe variations in the duty cycle of the PWM signal which correspond to changes in 

charging Voltage as the number of batteries connected in series was varied. The ammeter and Voltmeter were 

incorporated to measure the charging current and voltage respectively. This was necessary as a means of 

authenticating the values displayed by the LCD. A timer was used for taking readings at regular time intervals. Four 

number of 12-Volt, 100Ah discharged batteries were used for the tests in the following order: 
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1. Charger connected across one battery (12Volt); 

2. Charger connected across two batteries in series (24Volt); 

3. Charger connected across three batteries in series (36Volt); and 

4. Charger connected across four batteries in series (48Volt). 

Each charging session lasted for six consecutive hours at approximately 28
o
C. Initial values of the Voltages and 

currents were noted and subsequent values were recorded at half-hour intervals. A graph of charging current against 

time and that of battery terminal Voltage against time were obtained. 

Table 1(Test 1): (12-Volt Battery Connected) 

 

Charging Time  Voltmeter (v) 
LCD 

(v) 

Before charging 10.7 11 

Charging voltage 13.8 13.3 

After charging 13.5v 13.1v 

  Ammeter(A) LCD(A) 

Initial charging current 8.5A 7.8A 

Final charging current 2.2A 2A 

 

Table 2(Test 2): (24-Volt Battery Connected) 

 

Charging Time  Voltmeter (v) 
LCD 

(v) 

Before charging 20.9 21.3 

Charging voltage 28.8 28.5 

After charging 13.2 12.9 

  Ammeter(A) LCD(A) 

Initial charging current 8.7 8 

Final charging current 2.5 2.1 
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Figure .5: Laboratory Test Image 

 

Table 3 (Test 3): (36-Volt Battery Connected) 

Charging Time  Voltmeter (v) 
LCD 

(v) 

Before charging 32.4 32.9 

Charging voltage 42 41.5 

After charging 13 12.8 

  Ammeter(A) LCD(A) 

Initial charging current 9.1 8.8 

Final charging current 2.7 2.3 
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Figure .6: Oscilloscope Display of Duty Cycle when charging a 24-Volt Battery 

 

Table 4 (Test 4): (48-Volt Battery Connected) 

 

Charging Time  Voltmeter (v) 
LCD 

(v) 

Before charging 42.9 43 

Charging voltage 56 56.2 

After charging 13.5 13.1 

  Ammeter(A) LCD(A) 

Initial charging current 9.8 9.7 

Final charging current 3.1 2.8 

 

 

 

Figure .7: Oscilloscope Display of Duty Cycle when charging a 48-Volt Battery 

It was observed that the initial charging current is always high but depreciates with time. On the contrary, the initial 

battery Voltage which is often low appreciates with time (Figure. 10). Following the trend, it is possible to reach a 

point where the charging current would be zero and the battery terminal Voltage would no longer rise. Under such a 

situation, the battery can be said to be fully charged and the charging process would be automatically terminated. 

Also, it was noted that the charging Voltage for the 24-Volt battery was about twice that of a 12-Volt battery. 

Likewise, the charging Voltage for the 48-Volt battery was approximately twice that of the 24-Volt battery. As the 
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charging voltage rises, the duty cycle of the PWM signal increases correspondingly (Figure. 6 and 7) indicating that 

the output of the buck converter is being varied through pulse width modulation technique. However, the charging 

Voltage was constant throughout every charging session. 

 

 

Figure. 8: A Graph of Battery Terminal Voltage against Time (Test 1) 

 

 

Figure. 9: A Graph of Charging Current against Time (Test 1) 

 

 

Figure. 10: A Graph of Battery Terminal Voltage and Charging Current against Time (Test 1) 
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Conclusion 

A critical challenge in the usage of electric vehicles anchors on how to prevent long queues of vehicles at the 

charging stations. Every vehicle should get fully charged within the shortest possible duration. The cost of energy 

for charging batteries is through a silent but very crucial factor. It is one of the elements that influence the price of 

vehicle charging. To make electric vehicle charging a lucrative business, the charging station should pay less for 

charging more vehicles. This implies that the battery charger must be energy efficient. This research was conducted 

to produce a reliable, fast, safe, and convenient charging system as the most cost-effective means of preventing the 

need for frequent battery replacement. The system senses the terminal voltage of the battery to be charged and 

supplies the corresponding constant charging Voltage by changing the duty cycle of the PWM signal generated by 

the PIC16F877A microcontroller. The LCD was used for displaying parameters such as the initial voltage of the 

battery, as well as the charging current and voltage at any instant. Also displayed on the screen is the rise in battery 

Voltage and temperature as charging progress. The battery gets isolated immediately it is fully charged without 

human interference.  The microcontroller also monitors and manages all the charging processes including the data 

displayed on the LCD screen. A circuitry was implemented to protect the battery from both overcharging and 

reverse current. Proteus software was used for the PCB design and simulation before the commencement of the final 

construction.  The developed model is expected to enhance the usage of inverter in environments prone to the long-

period power outage. It should reduce the cost of energy for the charging of batteries. Also, it should address a major 

challenge in the use of electric cars. 

References 

Abdollahi, A., Han, X. (2016). “Optimal Battery Charging, Part I: Minimizing Time-to-Charge, Energy Loss, and 

Temperature Rise For OCV-Resistance Battery Model”. Journal of Power Sources, vol. 303; pp. 388–398. 

Ankit K, (2016) "An Improved Two-Stage Non-Isolated Converter for On-board Plug-in Hybrid EV Battery 

Charger". IEEE International Conference on Power Electronics Intelligent Control and Energy Systems 

(ICPEICES), pp. 1-6. 

Ayoub, E., and Karami, N. (2015). “Review on the Charging Techniques of a Lithium-Ion Battery”. Proceedings of 

the Third International Conference on Technological Advances in Electrical, Electronics and Computer 

Engineering (TAEECE), Beirut, Lebanon; pp. 50–55. 

Berndt, D. (1997) “Maintenance-free Batteries: Lead-acid, Nickel-Cadmium, and Nickel-Metal Hydride”. Taunton 

Research Studies Press, 

Chen, Y., Liu, Z. (2014). “Review and Recent Advances in Battery Health Monitoring and Prognostics 

Technologies for Electric Vehicle Safety and Mobility”. Journal of Power Sources, vol. 256; pp. 110–124. 

Chia-Chun T. (2013). "A Reduced Li-Ion Battery Charger for Portable Applications". 9th International Conference 

on Natural Computation (ICNC); pp. 1718-1722. 

Daniel M. (2015). “Battery Charger Efficiency and Voltage Behaviour in Vented Lead Acid Batteries in Kenya” 

International Journal of Sciences: Basic and Applied Research (IJSBAR). 

Hua, A., and Syue, B. (2010). “Charge and Discharge Characteristics of Lead-Acid Battery and LiFePO4 Battery”. 

Proceedings of 2010 International Power Electronics Conference (IPEC). Sapporo: IEEE, pp.1478–1483. 



              Proceedings of the 2
nd

 International Conference, The Federal Polytechnic, Ilaro, 10
th

 – 11
th

 Nov., 2020 

 
 

1611  Keshinro, K. K., Oyetola, J. B. & Akanbi, L. 

Jia, Y, Vigna, K, (2015). "A Review on State-of-the-Art Technologies of Electric Vehicle- its Impacts and 

Prospects", Renewable and Sustainable Energy Reviews, vol. 49, pp. 365. 

Kularatna, N. (2018). “Power Electronics Design Handbook – Low Power Components and Applications” Newnes 

Boston, Oxford, Johannesburg, Melbourne, New Delhi, Singapore. 

Lee, Y. Moon, J. (2011). “Fast charging technique for EV battery charger using three-phase AC-DC boost 

converter,” Proceedings of the 37th Annual Conference of the IEEE Industrial Electronics Society 

(IECON 2011), Melbourne, Australia. pp. 4577–4582. 

Li J., Han Y., and Zhou S. (2016). “Advances in Battery Manufacturing, Services, and Management Systems”. 

Hoboken: John Wiley-IEEE Press. 

Paridari, K., Parisio, A, (2014). "Energy and CO2 Efficient Scheduling of Smart Appliances in Active Houses 

Equipped with Batteries," Proceedings of IEEE International Conference on Automation Science and 

Engineering, pp. 632-639. 

Rutto, D., Okemwa, P, (2014). “Influence of Charger-Type on Electrolyte Temperature during Charging in Eldoret 

Town, Kenya”.International Journal of Computing and Technology, vol. 1, issue 8. 

Shrestha, G, and Chew, B. (2017) "Study on the Optimization of Charge-Discharge Cycle of Electric Vehicle 

Batteries in the Context of Singapore", Power Engineering Conference”. AUPEC 2017. Australasian 

Universities, 1-7. 

Xiong, R., Cao J. Yu, Q. (2017) “Critical Review on the Battery State of Charge Estimation Methods for Electric 

Vehicles”. IEEE Access: Practical Innovations, Open Solutions. 1 (99). 

 

 

 

 

 

 


