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Abstract - Battery management system (BMS) is an essential & integral part of the electric vehicle (EV) and the hybrid 

electric vehicle (HEV). A Battery Management System (BMS) serves the purpose of an Electronic-regulator by performing 
dual function of monitoring as well as controlling the charging-discharging phenomenon of Rechargeable batteries. The 
rising advancements in the Battery- technology have attracted the designers towards an effective management of a battery. 
Battery design improvements are satisfying the wide-range requirements of today’s electronic devices from Portable devices 
to Electric vehicles (e-Vehicles). As Environmental protection has given a loud call to e- vehicles so, BMS plays a 
significant role in this Eco-Friendly objective. In a simple way, BMS work as a watchdog on the key operational parameters 
during charging & discharging process of the battery (mainly used for Lithium-ion Battery). Performance Parameters here 
involves Voltage, Current & the battery internal and ambient temperature which are to be kept within specified rating values 

in order to have a safe and reliable output. 
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I. INTRODUCTION 

 

A battery management system [BMS] has very 

significant role in electric vehicles. Its design is quite 

challenging because of two design aspects. Primarily, 

the modeling of the battery behavior is very complex 

and the other reason is that, the system has been 

designed to supervise the battery parameters such as 

current, voltage and temperature [IVT] in real-time 

conditions. Electric vehicles (EVs) are operated using 

a large number of battery cells, requiring an effective 
battery management system (BMS) to maintain the 

battery cells in an operational condition while 

providing the desired power effectively. Battery 

management systems (BMS) makes decision for 

charge & discharge rates on the basis of load 

demands, cell voltage, current, and temperature  

measurements, and on the ratings of estimated battery 

SOC, capacity, impedance, etc 

 

II. CHANNELS TO APPROACH FOR BMS 

 

Modern technology has came up with the objective of 
Green Energy i.e. focusing more on the renewable 

and eco-friendly means of energy use and their 

conservation strategies. Electrical Vehicles (EV) 

gives the advantage of null tail-pipe emission but this 

advantage is compromised because of its long 

charging time. Thus, fossil-fuel based vehicles are 

used in majority leading to more environmental 

imbalance. An effective BMS will enhance the 

reliability of the user on use of electric vehicles and 

help in shifting from the fuel based automotives to 

electric automotives. 

A. Why there is need of Battery Management 

System for E- Vehicles 

The battery management system (BMS), has the 

plurality of functions as of battery modeling, battery 

state estimation, and battery balancing etc., is one of 

the key points to protect the battery and optimize the 

utilization of the battery in Electric Vehicles. Electric 

car battery bears an  important responsibility in 

electric car to keep it stably running on the road, thus 

the electric car battery pack needs to be secure from 

damage because of uneven temperature distribution. 

Depending on the electrochemicals used in battery, 

the optimum range is different, but the ideal optimum 

temperature of electric car battery is 45°C in order to 
keep the performance and life for the battery at safe. 

It may provide a greater degree of comfort and 

reliability to the user with its zero noise and zero 

pollution affirmations. Thus, it is Electric mobility for  

the upcoming generations. 

B. Some Observations Proposed under Research 

In this work, the design & simulation of BMS for 

EVs is presented using Mathwork’s MATLAB 

software. The whole model of BMS & all the battery 

parameters required to design and simulate the BMS 

are extracted from the experimental results and 

simulated in the MATLAB model. Model-Based 
design (MBD) provides the ease of improving the 

product quality and short development cycle by fast 

responses. Here, it allows developers to create 

equivalent circuit for lithium battery and charging 

controller model in Simscape and Stateflow 

respectively. By using the Simulink toolbox, the 

simulation of equivalent circuit and charging control 

models can be virtually run on computer to 

effectively analyze the charging controller’s 

performance. 

 
The enhancement of following requirements is 

proposed for the new BMS system .BMS executes the 

tasks which define the behavior of the system. 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-9, Sep.-2019, http://iraj.in 

Battery Management System for Smart Vehicles 

 

54 

Generally the tasks of the BMS - system were defined 

for: 

 Protection & supervision of the battery 

 Protection of the user / driver 

 Estimation of the battery´s state 

 Protection of the links in the energy chain 

 Maximization of the battery´s performance 

 Sharing of calculated data and control 

external devices 

 

The primary purpose behind this task allocation is 

that the first task (supervise the battery) is the base 

task which provides the information for the other 
tasks. 

 

The following tasks are performed by the battery the 

Battery Management System in its base task of the 

battery Supervision as; 

i. Measures and monitors cell currents in real -

time 

ii. Measures and monitors cell voltages in real -

time 

iii. Measures and monitors cell temperatures in 

real –time According to the base 

measurement values the BMS protects the 
battery; 

1. By setting the maximum charge/ discharge 

current limit 

2. By setting the maximum charge/ discharge 

power limit 

3. By preventing the voltage of each cell from 

exceeding the fixed upper /lower limit 

provided by the manufacturer of the battery 

4. By temperature control i.e. preventing the 

temperature of any cell from exceeding a 

fixed upper / lower limit provided by the 
manufacturer of the battery. 

 

C. Equations-Mathematical Approach & Analysis 

By processing the base data the BMS estimates the 

state of the battery by: 

 

 Determining the state of charge (SOC) state 

of the cells 

 Calculating the depth of discharge (DOD) 

state of the cells 

 Estimation of the values of internal 
resistances of the cells 

 Calculation of the secondary data such as 

total energy, delivered charge, operating 

hours and battery cycles since first use. 

 

 
 
There are three methods of calculation of SOC: 

 

1) Through Direct Measurement: To measure 

the SOC directly, one can simply use a 

voltmeter because the battery voltage 
decreases more or less linearly during the 

discharging cycle of the battery. 

2) Through Coulomb Counting: In the 

coulomb-counting method, the current going 

into or coming out of a battery is integrated 

to produce its relative charge value. 

3) By the Combination of the two techniques: 

In addition, the two methods could be 

combined to calculate SOC. The voltmeter 

can be used to monitor the battery voltage 

and calibrate the SOC when the actual 

charge approaches either end. Meanwhile, 
the battery current could be integrated to 

evaluate the relative charge going into and 

coming out of the battery. 

 

III. FIGURES AND GRAPH 

 

1. Graphical Observations 

Observations on Capacity & Limits of the Battery 

By adding the number of RC networks in Figure 2 the 

battery model could be made more accurate & 

reliable but this demands more calculation power 
from the BMS master. In the proposed BMS system, 

the BMS master was programmed to calculate the 

open circuit voltages (Voc) for the minimum and 

maximum cell voltages by using the simple battery 

model that was shown in the above Figure 5. When 

the BMS master calculates and controls the battery 

according to open circuit Voltages, it leads to IR 

compensation within the system. 
 

 
Fig 1(a): Battery Capacity 

 

2. Cell Balancing 

Cell balancing is a method of charge compensation of 

weaker cells by equalizing the charge on all cells in 

the chain to extend the overall battery life. 

3. Accurate Electrical Circuit for BMS 

The Relaxation time is the period of the battery after 

bringing the cell current to initial value or at zero 
value. The relaxation time of a battery is needed to be 

controlled. By proper modeling of the RC modules, 

this compensation requirement can be fulfilled. 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-9, Sep.-2019, http://iraj.in 

Battery Management System for Smart Vehicles 

 

55 

 
Fig 1 (b): SOC & OCV of the Battery 

 

 
Fig 2: Accurate Electrical Circuit for BMS 

 
 

Functional Arrangement for BMS: 

The feedback control & communication in the new 

battery management system between the system 

devices was carried out with two separate CAN 

buses. The primary CAN -bus (250 Kbit/s) was 

implemented between the BMS -master and the slave 

cards. The secondary bus is the faster CAN-bus (500 

Kbit/s) called CAN-A. This is the largest CAN bus in 

the e- vehicle and the other CAN compatible devices 

except inverters were connected to this bus. 
In practice the CAN -bus reduces a lot of wiring 

harness as a communication link because the 

information is transferred in serial format and 

according to the CAN -bus specification ISO 11898-1 

it needs only two twisted wires for routing the data. 

Furthermore the CAN -bus is bidirectional and very 

fault- tolerant when correctly installed. 

 

ISL94212: 

The ISL94212 Li-ion battery manager IC is capable 

of supervision of 12 series connected cells. This part 

provides accurate monitoring, cell balancing and 

extensive system diagnostics functions. The 
ISL94212 communicates to a host microcontroller via 

an SPI interface and to other ISL94212 devices using 

a robust, proprietary, two-wire Daisy Chain system. 

The ISL94212 is offered in a 64 Ld TQFP package 

and is specified for an operational temperature range 

between 40°C to +85°C. 

 

 
Fig 3: Block Diagram for BMS 

 

 
Fig 4: Control Flow of BMS 
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Fig 5: Simulation of BMS using MATLAB 

 

IV. CONCLUSION 

 

The battery control here chiefly based on the values 
of open circuit voltage (Voc) and dynamic current 

limitation algorithm. The system intelligent response 

was based on a state machine which determined the 

control orders of the master BMS and ensured that 

the BMS master works in the right mode according to 

the environment variables given by the user and the 

other system devices. 
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