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Abstract: Nowadays electric vehicle (EV) are introducing new 
challenges in the automotive industry. Electric vehicles are 
mainly beneficial from environmental health. The battery is a 
major aspect of the electric vehicle which is used to supply 
power to the vehicle. In a day to day journey, whether it is a 
fuel vehicle or electrically powered vehicle, it generates a huge 
amount of data. Electric vehicle has a major data in its battery 
part as it is one of the essential parameter of vehicle while 
running. The battery data consist of various parameters such 
as voltage, current, voltage charge, current charge, 
temperature which are responsible for estimating the health 
of a battery. In this paper these parameters are used for 
predicting the battery life and health.  

The battery data has taken from the NASA and it is stored to 
local server for processing. Once the data is collected the 
analysis starts. Battery data analysis includes detail analysis of 
all the parameters a dataset has. R tool is used for processing 
and analyzing of the parameters. Linear regression algorithm 
consisting of R squared value function is used for checking 
which parameter has major effect on battery life. Using this 
algorithm the data is split into train and test and then it is 
processed through the linear model to predict the battery life. 
All the parameters a dataset has are used for the prediction 

R squared and adjusted r squared values are responsible for 
predicting the difference between predicted and actual value A 
voltage line is a reference line used for checking the battery 
life. The current charge value near to the reference voltage 
line shows the 100% battery life. . Data analysis of a battery 
data give a lot of information about its health and also it 
compares the two different battery data sets for predicting 
which battery pack is batter.  

Key Words: Data Analysis, Electric Vehicle, Linear 
Regression, R squared value, R tool. 

1. INTRODUCTION 

Now-a days when there is lot of development going on in the 
transportation and automotive industry, Electrical vehicles 
(EVs) are the main focused area. Electric vehicles are 
automobiles powered by electric energy and engine. [2] It 
has already introduced new challenges in the future of 
mobility and now it is introducing new questions which will 
change the way vehicles are used. When EVs come in the 
picture it is all about the environmental health and the 

feasibility. Evs have started in the mid-19th and now they 
have reached at the top in the automotive industry [1].When 
to talk about Evs, Battery is the “Heart” of an electric vehicle. 
The working of an EV is totally dependent on how the 
battery works. Battery can be used to supply power to the 
vehicle. It is the main part of the whole electric vehicle 
system which provides power and makes the vehicle start. 
Different batteries are used in the vehicles such as lithium 
ion batteries, laid acid batteries, Ni-MH batteries .The most 
frequently used batteries are Li-ion batteries. Because of 
their great efficiency and working capacity they are widely 
used. When batteries come in the picture, the data that 
batteries have is an important aspect.[6]  

Analysis of data is a process in which a lot of transformation, 
modelling, calculations, cleansing happens to find out the 
information which is useful for future, and also finding out 
the conclusions. Data available today is very big and vast. 
Very few studies have been done related to data. But now 
every customer wants to know how the battery system 
works and if it has any fault, what kind of fault it has? And 
how to recover that fault. To do so the data monitoring is an 
important part. The data consists of various kind of dada 
such as sensor data, vehicle data, battery data, driver’s data, 
surroundings data, etc. The data comes when some changes 
happens in the system and then the parameters changes 
accordingly. This data is real time data and it can be 
measured using different tools. Data analysis is the most 
important and developing streams now a days because it 
gives exact information about the system and it is easy to 
find out the faults and errors if any [4]. Battery related data 
is a major aspect in the electric vehicle. There is huge 
development going on in the battery technology from last 10 
years ,because of which China has made progress in the 
battery, motor, engine etc. but still it has difficulties that 
needs to be overcome .Data analysis of battery system will 
provide an answer to such difficulties. The main point is 
knowing that what exactly happens inside the electric 
vehicle. It means that when the electric vehicle is running it 
produces a huge amount of data daily in the real time.[7] 

In this project the main focus is on battery as it is the core of 
the electric vehicle. The battery data consists of the 
information such as voltage, current, voltage and current 
charge, temperature, time etc. Using this data the battery 
system can be monitored and analyzed to perform further 
analysis. This project mainly gives an idea about battery 
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analysis depending on the measured data. The data which 
comes from the data logger of an electric vehicle is stored in 
the local server (Excel file). The main purpose why the data 
is stored in the local server is that it can be used offline also 
whenever needed. The measured data has been taken and 
can be processed in the R tool in such a way that it gives the 
information about the battery life (state of health and 
performance). Linear regression with R squared value is the 
method followed to predict the battery life [8][10] .The 
graphical representation of a battery parameters gives a 
proper visualization. Depending on this representation it can 
be shown that the battery life is high at certain points and 
low at certain points and the life of a battery is predicted. 
This analysis gives overall prediction of how battery works. 

1.1 Prediction of Battery Life 

The state of charge of an electric battery is an important 
parameter while predicting the battery life. To know about 
the end of life of batteries voltage and current are the major 
components used for evaluation of state of charge of a 
battery. SOC can be predicted using a voltage and current 
that is measured. It is nothing but the ratio of remaining 
capacity to full charge capacity. The capacity is given by 
measuring the voltage and current drawn from the battery. 
The battery life is the main issue that needs to be solved in 
automotive industry. As there is fast development in the 
automotive domain, the next step is the fully automatic and 
electric vehicle. So battery is the main concern and that has 
to be well maintained.[7] The life of battery is what the main 
feature of the battery. One needs to know everything about 
the battery, how it works, for how much time and mainly 
how long it can sustain in the whole trip. More the battery 
life, more the demand and investment also increases. 
Looking into all these factors battery life decides the life of a 
vehicle and indirectly affects the economy of the company 
too. So prediction of battery is highly important.[11]    

1.2 Battery Data 

Data is nothing but an information of that particular 
parameter. Battery data mainly consist of information about 
its parameters such as voltage, current, temperature, state of 
charge, discharging rate, etc. By using these basic 
parameters, estimation of battery performance and life is 
possible. Every company is asking for the records now-a–
days which can be only presented when the proper data is 
collected from vehicle and analyzed it later. So the data is a 
big concern of all the automotive companies. The data of a 
battery has large number of values of voltage, current etc. 
These values needs to be checked for a proper estimation of 
battery working. Data storage, processing and visualization 
are the parameters related to data. For a proper battery 
monitoring one need to gather sufficient and useful amount 
of data.[11] 

 

2. OBJECTIVES 

The objective of this project is analysis of electric vehicle 
battery data and predict the battery life using measured 
parameters. Some of the outcomes are as follows: 

i. A multi-dimensional problem (estimate life of a 
battery and performance of a battery) is solved in 
this project by analyzing battery parameters such 
as voltage, current, time, temperature, voltage 
and current charge.   

ii. The battery data is collected over long period of 
time and under certain considerations. 

iii. Electric Vehicle’s battery data that comes from data 
logger should be locked in the local server so that 
we can easily access it whenever needed and also 
offline.  

iv. Vehicle that will be travelling everyday generates 
huge amount of data which keeps on changing, so 
to collect that data and analyze and visualize it is 
an interesting task and also gives lot of 
information about vehicle’s performance, 
behavior and status, so gathering of that data is 
also focused.  

v. The graphical representation of the battery 
parameters will give exact information about the 
battery and in more efficient way. 

vi. Processing of a measured data and extraction of the 
parameters of battery is really a difficult task 
which is done in this project. 

3. METHODOLOGY 

Data analysis of an electric vehicle battery using R tool 
depending on measured data is one of the efficient methods. 
The first most important step is gathering of the data that 
comes from vehicle data logger when vehicle runs for a long 
period of time. Here the datasets are taken from the DAWN 
MCINTOSH, NASA Ames Research Center, recorded and 
tested at NASA Ames Prognostics Centre of Excellence 
(PCoE) in 2010.The dataset for 4 different Li-ion batteries is 
provided by the NASA. Since the datasets has large amount 
of data, only one set of data is considered for analysis of 
battery life prediction here. The data provided was in the 
.mat format which is the MATLAB file. This data is 1st 
converted into the excel format, as it is easy to store the data 
in excel and even easy for reading and understanding. Here 
the data is stored in our local server in the excel format. The 
battery dataset B0006.mat is the 1st data set on which the 
analysis is done in this project. R tool is the best data 
analysis tool used here for analyzing the battery data. Once 
the data is stored in the local server in the excel format it is 
then imported to the R tool for analyzing and processing.  

There are few packages in the R that needs to be installed 
while reading, processing and plotting the graph. The dataset 
is then read and imported in the R. The structure of the 
dataset here is in the string format. The dataset has some 
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random values which are called as outliers. These outliers 
are responsible for adding noise and unnecessary data or 
values in the dataset. These are eliminated from the data. 
The boxplots are generated for confirmation of elimination 
of the outliers. For every parameter that the dataset has such 
as voltage measured, current measured, time, temperature, 
voltage charge, current charge, boxplot of outlier is 
generated. The data which is now processed is with no noise. 
The data is then split into two sets such as train and test data 
with the split ratio of 0.7. Standard values of split ratio is 0.7 
as the data is split 70 and 30%. Regression algorithm is used 
for finding out the R squared value between train and test 
data. In the data, residuals are selected such as minimum, 
median and maximum values from test and train data. 
Depending on that the interpretation is done which includes 
estimated value, standard value and testing data value. R 
squared value is used to find out which parameter has major 
effect on the battery life. The parameter which has more 
effect say 100% has 3 stars in the output. Using a 
mathematical equation of time verses voltage measured, 
temperature and voltage charge, the battery life is predicted. 

Equation used for analysis is: 

Time ~ `. `, data = train 

Where ‘.’ Indicates all the parameters (Voltage measured, 
current measured, voltage charge, 

Current charge, temperature). 

In the backend the user interfacing program is run which 
involves inputs that are provided. The graphical 
representation needed a background color, font, margin, 
alignment, title etc. These parameters are provided in the 
user interface program. It has a server program which is also 
a backend program that is used for reading and executing all 
the packages required for execution of main program. All the 
input, output, session are mentioned here. The output graph 
that is generated is because of this backend program. It 
shows the predicted time for battery in the form of graph. As 
the input parameters are changed, accordingly it will take 
those values and a predicted time is displayed in the form of 
value and in the form of a scatter plot. 

The data available here is analyzed and the relation between 
them is found out by regression algorithm and the battery 
life is predicted in the form of scatter plot. 

3.1 Data Set Description 

The dataset provided by NASA is carried out under some 
considerations, they are as follows: 

A set of two Li-ion batteries (# 5, 6) were run through 3 
different operational profiles (charge, discharge and 
impedance) at room temperature. Charging was carried out 
in a constant current (CC) mode at 1.5A until the battery 

voltage reached 4.2V and then continued in a constant 
voltage (CV) mode until the charge current dropped to 
20mA. Discharge was carried out at a constant current (CC) 
level of 2A until the battery voltage fell to 2.7V, 2.5V, 2.2V 
and 2.5V for batteries 5 and respectively. Impedance 
measurement was carried out through an electrochemical 
impedance spectroscopy (EIS) frequency sweep from 0.1Hz 
to 5 kHz. Repeated charge and discharge cycles result in 
accelerated aging of the batteries while impedance 
measurements provide insight into the internal battery 
parameters that change as aging progresses. The 
experiments were stopped when the batteries reached end-
of-life (EOL) criteria, which was a 30% fade in rated capacity 
(from 2Ahr to 1.4Ahr). This dataset can be used for the 
prediction of both remaining charge (for a given discharge 
cycle) and remaining useful life (RUL). 

3.2 Data Structure 

The data structure is also provided by the NASA: cycle: top 
level structure array containing the charge, discharge and 
impedance operations, type: operation type, can be charge, 
discharge or impedance. Ambient temperature: ambient 
temperature (degree C), time: the date and time of the start 
of the cycle, in MATLAB date vector format, data: data 
structure containing the measurements.   

for charge the fields are: Voltage _measured: Battery 
terminal voltage (Volts),Current_ measured: Battery output 
current (Amps), Temperature measured: Battery 
temperature (degree C),Current charge: Current measured at 
charger (Amps),Voltage charge: Voltage measured at charger 
(Volts),Time: Time vector for the cycle (secs), 

For discharge the fields are: 

Voltage measured: Battery terminal voltage (Volts), Current 
measured: Battery output current (Amps), Temperature 
measured: Battery temperature (degree C), Current charge: 
Current measured at load (Amps), Voltage charge: Voltage 
measured at load (Volts), Time: Time vector for the cycle 
(secs), Capacity: Battery capacity (Ahr) for discharge till 
2.7V. 

 For impedance the fields are: 

Sense current:Current in sense branch (Amps), Battery 
current: Current in battery branch (Amps), Current ratio:
 Ratio of the above currents, Battery impedance: 
Battery impedance (Ohms) computed from raw data, 
Rectified impedance: Calibrated and smoothed battery 
impedance (Ohms),Re: Estimated electrolyte resistance 
(Ohms), Rct: Estimated charge transfer resistance (Ohms). 
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3.3 Algorithm 

1)  Collect the data from the electric vehicle battery which 
has parameters such as voltage measured, current measured, 
time, temperature, voltage charge and current charge. 

2) Store the data in the local server and in the excel format 
(Database creation) 

3) Import and read the database in the R tool. 

4) Split the data into Train and Test data using linear 
regression method. 

5) The algorithm for linear regression is as follows: 

To find the relationship between two continuous variable 
simple linear regressions is used. In these two variables one 
is independent or predictor and other one is dependent 
variable. Simple linear regression uses statistical 
relationship than deterministic relationship. When one 
variable is expressed exactly by another variable then it is 
called deterministic relationship. Example of deterministic 
variable is the temperature sensed in Celsius is equal to the 
Fahrenheit. In the static variable two variables are not 
accurate. Example of static variable is relationship between 
height and weight [9][10]. 

a) Load the data in the tool 

b) Initialize the split ratio 0.7 

c) Simple linear regression with R squared value algorithm:     

 d) The error is calculated by taking summation of 
subtraction of predicted output from actual output whole 
multiplied by two. The equation of error is given by  

 e) This represents the difference target value and regression 
line i.e. predicted value. To avoid the cancellation of positive 
and negative points from each other the square of error is 

taken.  

f) Above equation let us know the distance between 
estimated regression lines from horizontal ‘no relationship’ 
line.  

g) Above equation gives information about how much data 
points have been moved around mean. 

  8) Predict the response using time verses the parameters of 
the battery (voltage measured, Current charge, Voltage  

 

charge, time, temperature, current measured) 

                 Time ~`Voltage measured` * Temperature * ̀ Voltage 
charge * current charge * current measured ` 

9) Find difference between the predicted value and the 
actual value. 

    test$diff = (test$pred - actual)/60 

10) Compute for the absolute value using  

               Value=[sqrt(mean((test$pred-actual)^2)) 

11) Visualize the output in the form of scatter plot.   

12)  For two different battery sets, column wise check the 
data and using the algorithm time is predicted which 
necessary parameter for finding the battery life is.   

 12) Depending on this analysis of the measured data 
(battery parameters) battery life is predicted.  

3.4 Flowchart          
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4 RESULT AND DISCUSSION    

The dataset used for analysis is as shown in figure.  

 

Fig-1 Dataset for Battery 1 

 

Fig-2 Dataset for Battery 2 

 

Fig-3 R squared value checking which parameter has 
major effect on battery 

 

Fig-4 Time prediction based on provided parameters 

 

Fig-5 Battery life prediction of two batteries with respect 
to each parameter. 
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Consider,  

Voltage measured: 4.2 (Maximum) 

Current measured: 0.6 

Temperature: 24 

Current charge: 1.4(Maximum) 

Voltage charge: 0.5 

From the figure 4, it can be predicted that when the current 
charge value is maximum (high intensity point) is near to the 
reference line where voltage is also maximum, the time is 
4800 sec ,which if taken in hours can give 4800/360=13.33 
hrs.  

From the figure 5, The voltage measured and current charge 
is kept maximum value and the battery life is predicted ,It 
give 14.09 which is almost same as before. 

The prediction of battery life is crosschecked here. Also two 
different battery sets are compared as it predicts life which 
is different. The difference between predicted and actual 
value is divided by 60 to predict the battery time in hours. 
The graph changes with all those parameters which has 
major effect on the battery. The voltage line is a reference 
line where the maximum battery life is considered. The 
current charge point which is nearby to the reference 
voltage line has a 100% battery life.  

5 CONCLUSIONS 

Data analysis of an electric vehicle battery using R tool based 
on measured data is an effective technique used for 
prediction of a battery life. By applying the regression 
algorithm which uses Euclidian distance for classification of 
test and train data, prediction of battery life in terms of all 
the battery parameters is done.  The data collected is stored 
in the local server so that it can be used offline also. The 
scatter plot shows best estimation of the battery life in terms 
of the given parameters.  

Prediction of electric vehicle battery life results in the 
following conclusions: 

i. Gives detailed information about a battery which 
results in quantitative analysis of a battery. 

ii.  Shows dependent and independent variables of a 
battery and the relation between them. 

iii. Predict the effect of each parameter on a battery life 
when parameters varies in a given limit. 

iv. R squared value and R squared adjusted values 
define how much variance the battery model has. 

v. Higher R squared values shows that the model is 
batter. The adjusted R only considers important 
parameters and other parameters are dropped. 

vi. Collection and storage of a data provided is properly 
done in the initial stage which results in less human 
errors. 

vii. The battery life is predicted as per the provided data. 
The problem of many companies about battery life 
prediction and performance of a battery is solved. 

 
6 FUTURE SCOPE 
 
Data collection and storage can be done in a real time where 
data is processed online when the vehicle is running in the 
test cycles. Only two sets of a battery data is processed here    
and compared but different four sets of Lithium-Ion 
batteries can be processed and analyzed that can how those 
parameters affect the battery life. Comparison of different 
datasets of a battery results in selection of a proper battery 
pack for effective working of the vehicle. 
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