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Abstract: 

The efficiency and the range of modern electric vehicles are crucial points in their design. 
Designers and engineers are highly motivated to find solutions to these problems, or, as 
a rule, to improve existing electrical systems. Considerable number of modern batteries 
is available for use in electric vehicles and robots. The authors will propose new technol-
ogy and new methods to use batteries with better efficiency. The authors propose to use 
the Support Vector Machine and Fuzzy logic in a new approach, which is the battery tech-
nical status management. The results show that it is possible to use these two methods 
simultaneously and they can ensure better results at the operation site. 
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1. Introduction 
Nowadays one uses more and more intelligent vehicles and tools. These kinds of ma-
chines and vehicles get a high priority in industrial life and daily traffic. The engineers 
would like to prepare machines with higher efficiency. In modern industrial sites, com-
panies use different Lean principles. Thanks to these principles, they can reach better 
Key Performance Indicators (KPI) systems and a better customer demand. 

The engineers try to use different types of machine intelligence techniques to reach 
a better efficiency, such as fuzzy logic, neural networks, probability theory etc. In the 
previous works of the authors the lithium-polymer batteries monitored by Fuzzy logic 
have been exhaustively described. 

The authors had leaned on measurements executed over an electrical system of the 
e-vehicle designed at University of Debrecen [1-2]. Based on these studies and experi-
ences, a brand new operational strategy for the batteries and for the electrical machines 
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can be established. The battery parameters are very important for electric vehicles and 
machines. The motivation of the authors is to find ideal parameters for the batteries 
which can give a better efficiency with appropriate safety level. 

During the development process, the authors work with Fuzzy logic and Support 
Vector Machine (SVM) which are parts of the artificial intelligence tool set. The paper 
will describe a method of Support Vector Machine and Fuzzy logic applied to support 
energy consumption management of electrical machines. The study presents preliminar-
ies and related works, the new limits of battery voltage determined with SVM method 
and a Fuzzy analysis. 

2. Preliminaries and related works  
In the modern industrial life, companies use different techniques to improve their 
productivity. Currently, the most important corporate governance and management con-
trol philosophy is the Lean. The ‘Just in Time’ (JIT) and Milk Run systems are the most 
important logistic equipment. Thanks to these techniques, companies can reduce their 
production costs [3-5]. 

These techniques can help us to attain a high velocity of manufacturing but they 
are very sensitive in practice. Any mistake or failure in the system can result in outage 
in the production. It can make customers dissatisfied [3-5]. 

[3] and [4] had extensively demonstrated the theoretical background of JIT. [5] 
described a case study of a Just in Time system in automotive industry. The engineers 
have to design machines with better efficiency to reach the Just in Time goals. Compa-
nies use more and more robots for Milk Run and JIT systems, these robots work mainly 
with batteries. 

Companies developed different types of battery management systems for robots 
and vehicles [6-8]. Few years ago, batteries were very heavy and complicated to use in 
a lot of industrial applications and vehicles, too. Today when the Li-batteries are cheaper 
and lighter than ever before, they get more attention in vehicle and robot industry. 
A great number of researchers and research topics work on different types of battery 
management units, batteries or fault diagnostics with artificial intelligence equipment 
[9-12]. 

[9] and [10] had duly demonstrated the results of the development of lithium bat-
teries elaborated by Swedish researchers. [11] and [12] discussed investigations of fault 
diagnostics of Lithium-ion batteries and electric motors. 

[13] has demonstrated MATLAB applications, moreover [14] was helpful in Fuzzy 
Logic and [15] Support Vector Machine (SVM) applications [15-20]. 

3. Batteries’ voltage analysis with Support Vector Machine (SVM) 
Method 

3.1 Support Vector Machine Applied for Classification 
One of the most popular methods for classification is the Support Vector Machine. This 
method can make an optimal hyperplane to separate data [15, 19-21]. 

The vehicle and its electrical system under the investigation was a prototype elec-
tric vehicle (Fig. 1). The electrical energy system supplying the vehicle was based on 
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the LiFeYPO4 batteries. The electrical system integrates two sets of 8 rechargeable bat-
teries of the type of LiFeYPO4 serially connected in each sets to provide appropriate 
voltage level of 48 DC V (Fig. 2). 

 
Fig. 1 Experimental electric vehicle 

 
Fig. 2 E-vehicle System of batteries 

The nominal voltage of a single battery is 3.2 V. The recommended maximum and 
minimum voltages of the batteries are 3.55 V and 3 V, respectively, and, these parame-
ters are ensured by manufacturer of the batteries. The batteries were connected to a DC 
electric engine controller of the type of 48 V / 350 A DC electric engine controller 
(Fig. 3). This controller managed the power and efficiency of the vehicle. The controller 
has high efficiency, good stability and a compact size. It uses PWM-technology and it 
can reverse the direction of the rotational motion of the electric motor. The electric mo-
tor is a DC 48 V and 4 kW electric motor. The vehicle uses a single DC motor to intro-
duce mechanical energy ensuring movement of the e-machine. 
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Fig. 3 The electric engine controller 

During research work authors made voltage measurement using an Arduino device. 
The Arduino device is an open source electric controller and due to its simple program-
ming and configuration properties today it is a very popular development platform  
[22-23]. 

Based on lessons learned from vehicle runs the developer team of the vehicle stated 
that batteries are able to work far out of their maintenance regimes ensured by manu-
facturers without any overheating, or, any other malfunctions threatening the energy 
supply system of the e-vehicle. To find the extended limits of the batteries’ maintenance 
regimes, the developers’ team agreed to involve ten full cycles of the batteries including 
charging and discharging processes into investigations. The results of the voltage meas-
urement of the batteries’ are tabulated in Table 1. 

The first finding must be done: results of the voltage measurements show a signif-
icant difference between the allowed and measured voltages. This practical data shows 
better efficiency in the use during competition runs. 

Tab. 1 Practical and prescribed values 

Measurements 1 2 3 4 5 6 7 8 9 10 
Measured Voltage 

 (upper), V 3.600 3.680 3.690 3.700 3.740 3.750 3.781 3.820 3.830 3.833 

Maximum Voltage  
Allowed (upper), V 3.550 

Measured Voltage 
(lower), V 2.200 2.250 2.283 2.293 2.456 2.534 2.574 2.697 2.713 2.965 

Minimum Voltage  
Allowed (lower), V 3.000 

 



Battery Voltage Limit Analysis with Support Vector Machine and Fuzzy Logic 25

The authors used and modified [20] MATLAB script for the Support Vector Ma-
chine (SVM) analyses. Using this program the data are on a diagram which is easy to 
use in practice. The program is a linear classifier that is defined by a threshold value 
and a 2-dimensional weight vector. The MATLAB script uses the bioinformatics 
toolbox, which includes a svmtrain function [20]. Figure 4 describes the new upper 
Voltage limit of the batteries (3.665 V). The 'x' axis is the 'Number of measurements 
[pcs]' the 'y' axis is the 'Voltage [V]'. The red crosses show the original or the prescribed 
Voltage data. The blue crosses show the tentative data. The SVM method can calculate 
a new optimal hyperplane, which is the new voltage limit. 

 
Fig. 4 SVM margins: upper limit 

Fig. 5 shows the new margins of the lower voltage of the batteries (2.75 V).  
In summary, these MATLAB calculations show that the batteries can work with 

wider limits than it is ensured by manufacturers with an appropriate level of safety 
[15, 17-20]. 

3.2 Data Evaluation Using Fuzzy Logic 
The measured results show variance in practice [1-2, 14]. The use of fuzzy logic enabled 
the authors to find a precise bounds of the batteries’ regimes where they can work safely. 
The statistical data is shown in Tab. 2 [1-2]. 

Article [24] describes the main steps of Fuzzyfication and introduces the generally 
applied functions. The fuzzy membership functions make an imaging in the analyzed 
set and describe it in a 0 ÷ 1 interval. The μ membership function describes the result of 
the analysis in a 0 ÷ 1 interval. The μ values can take any result between 0 and 1 [24]. 
The general formula of [1, 24] determines the Fuzzy membership function of parameter 
tolerances in the following form: 
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where x is the input parameter, ai and bi are scalar coefficients. From Eq. (1) it is easy 
to see that coefficients ai and bi can change the shape of the membership function. Co-
efficient ai affects the slope of the membership function, whilst coefficient bi determines 
the midpoint of the membership function. Calculation of the coefficients of Eq. (1) is 
exhaustively described in [24-27]. 

 
Fig. 5 SVM margins: lower limit 

Tab. 2 Batteries Dataset 

  Empirical value 

VmaxSVM [%] 
Min 100.00 
Max 104.50 

Average 102.13 

VminSVM [%] 
Min 75.07 
Max 65.48 

Average 68.11 

Vmax [%] 
Min 100.00 
Max 105.41 

Average 104.85 

Vmin [%] 
Min 84.05 
Max 61.97 

Average 70.32 
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The sigmoid function is a special mathematical function. It has an “S” shaped 
curve. This function has a positive derivate everywhere and it is a bounden differentiable 
real function. In another approach, the sigmoid function is a special case of the logical 
criteria. The function often takes values either on the range from 0 to 1 and / or from -1 
to 1. This property always depends on the preliminary defined convention. There is wide 
variety of the known sigmoid functions. The sigmoid functions have been used as an 
activation function or in artificial intelligence. The fuzzy logic often uses it when a de-
tailed description is missing, in these cases the sigmoid function has an important 
role [24-27]. 

The coefficients of the Fuzzy membership function defined by Eq. (1) can be found 
in Table 3 [1-2]. 

Tab. 3 Calculated Coefficients 

Parameter (i) ai bi 
VmaxSVM 2.473 101.754 
VminSVM 1.776 73.055 

Vmax 2.552 104.995 
Vmin 1.665 69.566 

 
Figures 6 and 7 illustrate the membership functions which are calculated using 

coefficients tabulated in Tab. 3 [1-2]. 

 
Fig. 6 Fuzzy membership function VmaxSVM  
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Fig. 7 Fuzzy membership function VminSVM 

3.3 Results of the new acceptable Voltage parameter tolerances 
The maximum and minimum voltage levels are controlled by the Battery Management 
System (BMS) and when the batteries reach either higher or lower values of these limits, 
the BMS has to be activated. 

There are two kinds of intervention of the BMS system can provide: it has to either 
start the charging process or stop it. The OR logical connection must be used between 
the criteria. The logical rule’s true value surface is [1-2]: 
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The BMS needs to start the charging process if the voltage is low. In this case, the 
OR logical rules have to be followed again. The true value surface is [1-2]: 
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As it is shown by practical experience, the true values have been determined be-
tween 0.7 ÷ 0.8. This shows that it can be dangerous if we exceed 0.8 during the batter-
ies’ charging process and/or immersion. Tables 4 and 5 tabulate the data for 0.7 and 0.8, 
respectively [1-2]. 
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Fig. 8 The Fuzzy membership function of VmaxSVM 

 
Fig. 9 Fuzzy membership function of VminSVM 

Tab. 4 Vmax and VmaxSVM Truth values 

Vmax 
μ = 0.7 102.10 % 

3.73 V 

μ = 0.8 102.30 % 
3.74 V 

VmaxSVM 
μ = 0.7 105.30 % 

3.74 V 

μ = 0.8 105.50 % 
3.75 V 
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Tab. 5 Vmin and VminSVM Truth values 

Vmin 
μ = 0.7 70.08 % 

2.49 V 

μ = 0.8 70.04 % 
2.50 V 

VminSVM 
μ = 0.7 73.53 % 

2.69 V 

μ = 0.8 73.84 % 
2.71 V 

4. Conclusion  
The authors discussed the results of the technical status management of the Li-batteries 
using soft computing method. The conventional method of battery maintenance based 
on strict measurements of the voltages has been investigated. The basic hypothesis of 
the authors of the possible extension of upper and lower values of the voltages of the 
maintenance of the batteries has been proven. 

Authors had established new logical rules for the Battery Management System to 
start to recharge the batteries, or, to stop charging process using SVM method and Fuzzy 
logic. 

The authors analyzed Lithium batteries’ data with MATLAB software. The Sup-
port Vector Machine simulations derived new voltage limits for the batteries both for its 
maximum and minimum values. These new limits ensure proper safety level during 
daily life. 

The authors checked the batteries’ parameter tolerances with Fuzzy logic after the 
SVM calculations. Using techniques described above the authors determined a brand 
new voltage limits for the batteries. The results showed that Fuzzy analysis can be ef-
fectively used if it is supported by the SVM analysis. 

The use of Fuzzy logic and SVM produced better efficiency for the electrical sys-
tem of electric vehicle. The new voltage limits of the batteries made a new perspective 
for the electric vehicle. The electrical system can ensure a better electric performance 
due to the extended battery voltage range. The vehicle can use this performance for 
a longer range, for better acceleration capabilities, or for reaching higher speeds, which 
are important features during competition runs. 
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