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Abstract 
 
A vital component of electric and hybrid vehicles is the Battery Management 
System (BMS). The electric vehicle (EV) market also retains the energy 

storage (ESS) technology logjam. Lithium-ion batteries (Li-ion) has attracted 

significant interest in the EV industry because of their high-energy capacity, 
lifetime, nominal voltage, power efficiency, and cost. For electricity cars, 

oneof the most critical elements is the sophisticated battery management 

system (BMS), which not only reliably tests the state of the battery, but also  

ensures safe operation and battery life. In the case of high voltage and 
capacity requirements, the battery management system tends to fail in 

function. Charging being an integral part of Electric Vehicle (EV) as it  

refuels the battery pack corresponding to calibrated values. Generally, the 
charger consists of a power electronic converter with filters mounted to get  
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the precise required output. This paper simulates and proposes a newer 

design of the Battery Management System (BMS), BMS-IC holder to 

improvise the accuracy and acquisition rate. IC-LTC6804-2 was chosen 
because of its perfect and apt parameters. Design of a low-cost IC holder and 

schematic of customized Battery Management System (BMS) with various 

sensors and Arduino microcontroller is discussed in the present study based 
on the control theory, a spatial model for the charging of Electric Vehicles 

(EV's). The feasibility of the proposed optimization method is tested based 

on network topology and electrical characteristics of the network. The 

simulation results show that the proposed charging optimization strategy can 
filter the peaks during the distribution network as opposed to the disorderly 

charging scenario. It is conducive to distribution network efficiency, 

stability, and economic activity. 
 

Key words:Smart battery management, intelligent charging, electric 

vehicle, simulatons. 

 
1 Introduction 
 

 The rise in oil prices and environmental concerns has led to a growing 
interest in newer sources of transportation such as electric vehicles (EVs) [1, 

2]. Hybrid electric vehicles (HEVs) are therefore much more attractive than 

conventional electric vehicles (CV). Electric batteries that are charged with 
electricity from the grid power electrical vehicles. EVs are a direct relation 

between power and transport. Moreover, though they have low energy usage 

and zero emissions [2], the EVs provide a rational alternative to 

transportation industry that reduces energy dependence and environmental 
impact. The emergence of environmentally friendly vehicle demand, which 

triggers the phenomenon of a change in the world's automotive paradigm that 

makes fossil fuel-based vehicle manufacturers start developing electric 
vehicles. Security and reliability are the main concerns of consumers to 

increase the electric vehicle's market share.  

 The EV not only depends on advanced battery technology but also the 

Battery Management System (BMS) has a critical role. Electric vehicle 
reliability has a direct effect on vehicle reliability and performance. Battery-

efficient BMS provides battery status information, including the current 

power available (SOP), charge status (SOC), life status (SOL), and 
healthstatus (SOH) [3]. The EVs are a clear link between the electricity 

sector and the transport sector. Key technologies in EV's BMS include 

battery simulation, internal state calculation, and charging of batteries. 
 Due to complicated charging and discharging characteristics and the 

dangerous feature of the battery, it is important to develop efficient and 

reliable Battery models that can lead to more powerful and reliable charging 

stations.  
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 The most commonly used EV battery is the Li-ion battery and the nickel 

cadmium. Additional criteria in battery selection include nominal stress, cut-

off stress, energy or nominal energy, boost time, battery life, actual energy, 
cumulative strength, energy density, battery charging / discharge cycles, 

internal resistance and environmental factors [4, 5]. 

 The present study was performed for a Level 3(200/600V DC, up to 

240kW, 400A) EV charging station that ensures fast direct current (DC) 
charging. In order to optimise the use / injection of alternating current (AC) 

power, the control strategies strive to comply with recent IEEE Standards 

1459-2010. The grid operator's control signal is transmitted to the vehicle 
through a radio signal, a mobile phone network, an Internet link or a Power 

Line Communication (PLC) system [6]. The study used brushless DC Motor 

(BLDC) rated 4.5 KW nominal, 6 KW peak, 48 V, and 4500 rpm used with 
the battery pack of the electric vehicle rated 48 V, 110 Ah, designed using 

NCR 18650B Lithium-Ion cells, rated 3.7 V, 3.4 Ah. 

 This paper aims to provide a brief analysis of key technologies, 

especially for battery modelling, state estimation and the charging of 
batteries in EV's BMS. Latest approaches to addressing the issue of electrical 

and thermal battery modelling are discussed. These models are used to 

capture electrical and thermal behaviour. The related battery-SOC and 
internal temperature independant or joint state calculation methods are 

evaluated. Using battery models and approximate internal states, battery 

charging approaches and optimisation algorithms are addressed to enhance 

the efficiency of these charging approaches. The paper is organised as 
follows Section 2 addresses  commonly used types of batteries in electric 

vehicles and essential BMS technologies.Then battery system description 

including battery pack, BMS and charging are reviewed in Section 3. Section 
4 focuses on hardware design of LTC6804 IC holder. The software design 

that includes PCB board schematic and board for BMS are discussed in 

Section 5. Section 6 discusses about the charging module and snippet of the 
controller code. The simulations resuts comprehensively discusses about 

battery SOC estimation, SOH estimation in the Section 6. The conclusions of 

the research are presented in Section 7. 

 
2 Literature Survey 
 

Li-ion batteries have apparent non-linearity, volatility, and instability. 

Different features mean that the charging capacity between batteries, the rate 

of self-discharge and the rate of capacity depletion through cycles are 

progressively different. [7, 8]. The increasing variations can cause the 
entirepack to degrade significant performance and even lead to explosion 

accidents [9, 10]. Efficient BMS also provides battery states information, 

such as the state of the battery.                                       
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Available power (SOP), charge state (SOC), state of life (SOL) and state 

of health (SOH) [11]. The BMS senses the battery voltage, battery current 

and temperature to prevent overloading and overloading conditions for 
discharge. Accurate SOC estimates in the EV are often a key and significant 

problem. [12]. 

To evaluate the stability of the battery, reliable and accurate estimates are 
used but also some important information are provided like remaining 

electricity [13]. Li-ion is a highly complex electrical system, time varying 

and nonlinear; its output varies due to a number of factors, such as current of 
charge-discharge, ageing, and changes in temperature. Therefore, accurate 

SOC measurement of the Li-ion battery is a daunting task, as no correctly 

tested physical sensor can be used.The SOC estimation of the Li-ion battery 

is currently a subject of discussion among researchers [13, 14]. 
Battery behavior analysis, battery status tracking, real-time controller 

design, thermal management, and fault detection are critical to an efficient 

battery modelIn designing the BMS in EVs, a detailed SOC assessment have 
always been crucial and important. Accurate and detailed calculations not 

only test reliability, but also provide some essential details, such as the 

remaining energy and the time to be used [13, 14]. The battery charging is of 

great importance at BMS because of its direct impact on operational safety. 
BMS modules are stand-alone and the data transfer across BMS is therefore 

required. CAN Bus is an effective way of transmitting data inside the BMS. 

More data can be obtained via microchips integrated into the battery to 
communicate with the user and the load with the introduction of smart 

batteries [15, 16].  An integrated battery charger can lead to motor leakage 

inductance, ensures zero torque, reuse of driving circuit for battery charging. 
For single-phase, inherent zero torque production, winding reconfiguration, 

and blocking of the rotor are not needed and do slow charging. In three-

phase, no inherent zero torque production, but winding reconfiguration and 

blocking of the rotor, fast charging, the multi-phase machine is required. 
Wireless and telecommunication infrastructure is being increasingly used in 

charging systems to enable battery and controller communications [17]. 

 

3 System Description 
 

3.1  Battery Pack 
 

The battery pack is modeled using individual 18650B cells manufactured 

by Panasonic®. The cells modeled using the concept of Randles Circuit, one 

of the most recognizable equivalent circuits in the field of electrochemistry. 
The current passing through each cell is used to calculate the present 

SOC of the cell using the formula (equation 1). SOC (t-1) is the initial value. 

C bat is the capacity of the cell and I is the current through the cell:   

SOC (t) =SOC (t-1) + 0
tʃ   ((I/Cbat).dt)             (1)                                                                                 
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Rs represents the internal Ohmic resistance of the cell, the resistance Rp 

and the capacitance Cp represents the charge transfer resistance, the double 

layer capacity, and the effect of solid electrolyte interface (SEI) on the 
respective cell parameters is shown in Figure 1[18]. 
 

 
Figure 1:Equivalent circuit 

 

3.2  Battery Management System (BMS) 
 

 BMS and batteries are integrated into the battery system, and the BMS 

power comes directly from the battery, so no additional power supply unit is 

required. BMS main functions are to detect the state of the battery, collect 
and process data from the battery, alert the operator when data is out of 

reach, communicate with the controller of the electric vehicle via CAN. The 

BMS in electricity and HEVs have a sensor meter that matches that of the 

gasoline car's engine management system. BMS indicators will indicate the 
safety, use, efficiency, and longevity status of the battery. The BMS is an 

embedded system that provides safety and longevity of the battery pack by 

monitoring its parameters [19,20].  It provides functions such as cell 
balancing to establish equal charge and discharge cycles within each cell. 

Analog devices LTC6804-2 is a battery monitoring IC that measures the 

voltage of 12 series-connected cells. The cell measuring range is 0-5V, 
making this IC exclusively compatible with most battery chemicals. For high 

noise reduction, all 12-cell voltages in 290μs can be measured and lower 

acquisition rates can be chosen. 

 

3.3 Charging 
 

 Depending on the charging period available, the EV owners can charge 

their EV in residences , offices, malls and public places. Wired EV-style 
chargers are connected directly to the supply from the wall outlet to the EV 

using a power cable extension. In nature, it is popular, fast and very efficient. 

The battery charge feature for a vehicle and the power factor for a grid unit 
provide two types of circuit topologies: a unidirectional battery charge unit 

(UBC) and bi-directional battery charge unit (BBC).  
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 Converters in the UBC aredesigned for battery to the grid, as not all 

converters are active regulated,so bidirectional power can not be assisted. 

Thus, these chargers are less complex and can only be used for battery 
charging. 

 The rated capacity of the charging station depends on the overload factor 

(Kload), the number of slots (Nslot), the maximum capacity of each EV (Pf) 
and the cos (α) power factor. 

 The charging station rated capacity, calculated from equation (2), 

Srated = [Kload*Nslot*(Pf /cos (α)] KVA            (2)                                                               
 Separate control strategies for regulating the charge and discharge of the 

EV battery are built in the control design, with the voltage controller and 

current controller. In this analysis, CCCV is a commonly used, secure charge 

mode. Constant current constant voltage when a fully charged voltage is 
reached, the battery is charged at a steady current (CC). When the current is 

discharged, the battery power is kept constant. When the constant voltage is 

reached it takes a long time until the battery is charged completely; also, each 
cell has its own response time. This process certainly decreases the lifetime 

of battery but also increases the rate of charging. The diode rectifier takes 

AC of the utility and transfers DC to the next level. Inductor coupling allows 

for stress boosting and input current power. The designed voltage and power 
controller keeps the whole process stable in minimum disruption conditions 

is calculated as shown in equation (3) and equation (4). 

Voltage sensor gain = (Ki*Vdc*C)/ (Kv*Vs*Tn)           (3)                                                 
where, Tn = 4*Tc. 

Transfer function for current controller, 

m (s)/i’(s) =(KCG)/(s2 TdL + sL +  KcKiG)                                                                                         
Taking ζ=0.7, 

m(s) / i’(s) =1/(Ki*(sTc +1))              (4) 

 The value of the DC bus condenser (equation 5) depends on the time (T) 

of the AC voltage waveform and the permissible DC power (∆r, available) & 
bus voltage (∆x, available in percentage). 

Cdc = Srated*2n*T*∆r*cos ɸ/ (∆x*V2dc) Farad (5)                                                   
  

4 Hardware Design   
 

4.1 Hardware Design of LTC6804 IC Holder    
 

Analog devices LTC6804-2 is a battery monitoring IC that measures the 
voltage of 12 series-connected cells. LTC6804 consists of 48 pins, is a 

surface-mount device (SMD) component and has 0.5 mm between two pins. 

Hence, it cannot be connected directly on the breadboard or by male-female 
wire. To curb this issue, an IC holder or connector, which is a cost-effective 

[19, 21], is used for testing the IC as an alternative (Figure 2). 
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Figure 2:Actual and Designed IC Holder for LTC 6804  

LTC6804 is interfaced with Arduino Uno using the SPI protocol 
available on both devices. The cells will be connected to noise reduction and 

high peak tension through a low-pass filter. The entire BMS consists mainly 

of sensors such as temperature, hall effect and relay. (Figure 3). The 
temperature-sampling module uses a thermistor sensor to measure the 

temperature of the battery. 

  
Figure 3:PCB Design and Hard Circuit of BMS 

 

5 Software Design 
 

 This system uses passive cell balancing. The Arduino Uno, LTC6804 is 

the coordinator and the battery pack module as end-device, combined with 

the LEM35, potential divider, Hall Effect sensor, and relay. The schematic 
design was developed using the software tool AutoCAD EAGLE® and Easy 

EDA®. 
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5.1 PCB Board Schematic and Board for BMS 
 

The measuring range for the cells is 0-5V, so that this IC is compatible 
with most chemicals. The estimated 12 cell voltages are 290μs and lower 

data acquisition rates are chosen to minimise high noise levels. 

 
Figure 4:Schematic of BMS 

The sample module shall be subdivided into a sample voltage submodule 

and a sample temperature submodule. The voltage-sampling submodule 
analyses the voltage of one cell in a number of batteries connected to it. The 

differential detection and the current detection method are the main methods 

for sampling the battery pack voltage linked to the series. The latter is more 
precise and more readily realizable. The data acquisition module not only 

tests 12 single cell battery pack but also selects the highest voltage, minimum 

voltage, maximum temperature, andminimum temperature. 
After the collection, it measures the importance of the difference in 

voltage and the difference in temperature for potential fault diagnosis and 

balanced judgments. PCB design of complete BMS is shown in Figure 3 and 

schematic is shown in Figure 4. 
The schematic of BMS, which is shown in Figure 4, describes the circuit 

connection where components like Arduino UNO, temperature sensor 

(LM35), IC- LTC 6804, relay, Hall Effect sensor, resistors, and capacitors 
are connected [14]. The connection is strictly following the datasheet 

provided by the manufacture of LTC 6804 (Analog devices). To decrease the 

spikes in voltages during the operation of BMS, resistors, and capacitors 
values are chosen. 
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6 Charging module 
  
 The buck-boost DC-DC converter is used to load and unload the EVs 

using the proposed loading infrastructure. The DC-DC converter is a buck-

boost isolated gate bipolar transistor (IGBT's). IGBT has a switching 
frequency (<20 KHz) and a high voltage application (>100V). The gates 

pulses are used for turning ON the IGBT. The two numbers of  IGBT 

switches are used, which in the appropriate control strategy perform buck 

and boost operating mode. The voltage source is in the form of a PWM 
signal, which is sent to a power electronic converter. The design of the 

charging module on the MATLAB-Simulink model (Figure 5 and Figure 6) 

contains the essential components that can provide the characteristics results 
(Figure 7) of the battery on load[16, 17]. The capacitor's values used in the 

module plays a very essential role. Hence, calculations are carried to reduce 

the peak in graphs and the other filtering components to reduce the cost 
substantially. 

 

 
Figure 5: Model for charging 

 

6.1 Snippet of Controller Code 
 

 Calculation of the charge status by voltage parameter is usually simple, 

but with inaccuracy as cell materials and temperature affect the voltage 

resulting in SOC errors. The voltage-based SOC error in open-circuit voltage 

(VOC) inevitably occurs due to disrupting battery with a charge or discharge. 
The resulting agitation distorts the voltage and does not represent a proper 

SOC reference any longer.  
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Figure 6: Model for Controller 

 

 Simulations conducted shows the variant characteristics achieved for the 

battery cycle and VOC about SOC. The controller is using the CC-CV 

method to operate.  When it is CC (constant current) and if the voltage is less 

than rated the currentvariable, it is assigned a value as 1, since the current is 
inflow during this mode. Otherwise CV (constant voltage) method followed. 

Also, in operation of CC-CV, when I >5.0 (specific to values considered), 

then voltage flows, otherwise fault arises. Thus showing the safety feature so 
that system does not operate in adverse conditions. 

 

7 Simulation Results 
 

 MATLAB-Simulink is used to simulate the proposed charger circuit, and 

a prototype model is designed to verify the simulation results. During the 

experiments, it was, concluded that once the cell charges up to around 85-
90%, then charging from this level to 100% the controller gets into trickle 

mode, hence takes a long time to charge compared to other range of charging 

[22]. Table 1 shows the simulation results of the modeldescribe the results 
which were observed after simulation. The values of voltages and currents 

showed the characteristics nature that is followed for a charging and 

discharging module when the system is under load. The value of rising time 

shows the module response hence showing the time it took to reach the peak 
values, which comes out to be under control, and ensures safety [17]. 

 

Table 1: Results of charging simulation 

Parameters Voltage (V) Current (I) 

High 4.235 V 0.02 A 

Low 4.174 V 12.83 A 

Rise time 5.559µs 132.94µs 
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The efficient usage of IGBT’s, converter lead to achieve the desired 

normal operating characteristics. The findings demonstrates the balanced 

operation of the scheme. 
The EV battery current and voltage characteristics are shown in Figure 7 

according to the CC-CV method. The characteristics show that load initially 

curve rises and then falling occurs based on the normal working of the 

battery for EV [17]. 

 

 
Figure 7: Battery current (I) and voltage (V): CC-CV method 

The curve shows the SOC (%) utilization corresponding to the battery life 

in terms of battery number of cycles which shows the hyperbolic nature in 
Figure 8 (a). The VOC (%) error is also compared with SOC (%) where error 

initially reduces and then maintains to a constant value as shown in Figure 8 

(b). 

 
Figure 8: (a) SOC (%) usage   (b) VOC estimation error 
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8 Conclusions 
  
 This research focused on the design, optimization of BMS, and selection 

of components to increase the rate of response using the Randles circuit. 

Their performance has a significant impact on the scalability of EV's as 
batteries are the central energy sources for EVs and HEV's. The simulation 

model of charging has been designed where complexity has been decreased, 

making it less bulky and cost-effective. The design concept was of 

paramount importance, as this custom made BMS is believed to be cheaper 
and highly efficient. The simulation results also showed the battery chemistry 

importance regarding the state of charrge (SOC). A custom-made solution is 

generally viable due to different situations in real-world applications. 
Specific methods for better and efficient efficiency of BMS in potential EVs 

and HEVs are to be used depending upon the particular circumstance [22,23]. 

This research concluded that conventional approaches are simple and easy to 
implement, but are influenced by parameters like aging, temperature, sensor 

drift, and external disturbances. The model-based evaluation approaches 

yield highly reliable outcomes 
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