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Abstract – The accumulators utilized in electric transport differ 
from those of other applications. Their main features are high 
capacity, minimum size and weight, and reasonable price. There is 
extensive research worldwide to improve the battery technology. 
The aim of the research is to create a mathematical model of an 
electric vehicle that can capture the vehicle speed curve as a data 
input to generate the consumed and recovered battery current, 
which can allow the battery parameters to be analysed and 
conclude whether the vehicle can perform the trip around the city 
route with the selected battery parameters. This model serves as a 
tool to simplify and speed up the necessary calculations and to 
examine individual sections of the route and their impact on the 
battery. To complete this task, a simplified electric transport 
mathematical model gives an opportunity to check if the selected 
battery can be used in the electrical public transport of the city. 
The input parameters of the model are the parameters of electrical 
transport. Simulation of the most popular types of batteries has 
been performed for two routes of buses in Jelgava in order to 
determine whether the chosen batteries can provide the necessary 
bus movement. The mathematical model has been developed in the 
MATLAB/Simulink software. A GPS mobile application 
SpeedTracker has been used for data logging. 

 
Keywords – Batteries; Electric vehicle; Electromechanical 

systems; Motor drives; Vehicle.  

I. INTRODUCTION  
Among the existing battery technologies applicable to 

electrical vehicles, the lithium-ion batteries are the most 
promising ones. Compared with other types of batteries such as 
lead-acid batteries, nickel-cadmium (Ni-Cd) batteries and 
nickel-metal hydride (Ni-MH) batteries, lithium-ion batteries are 
superior in terms of high energy efficiency and power density, 
which allow them to be designed lighter and smaller in weight 
and size, respectively. Different types of the lithium-ion 
batteries have different energy capacity, which is one of the key 
factors to determine suitability and potentiality in applications of 
electrical buses. Moreover, other advantages of lithium-ion 
batteries include a wide temperature range of operation, rapid 
charge capability, no memory effects, relatively long cycle life 
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and low self-discharge rate [1]–[4]. Lithium-ion battery cells 
have been developed to utilize fewer materials or other materials 
with much higher specific capacity. These types of lithium-ion 
batteries offer different advantages, such as high-rate capability, 
low cost, high thermal stability, long cycle life, and/or high 
capacity [5], [7]–[15]. Although the lithium-ion batteries have 
relatively low rated voltages, they are less expensive and more 
reliable and durable in electrical buses [16]–[19]. All this large 
variety of accumulator types, parameters, characteristics and 
reaction for operational conditions often causes difficulties and 
questions while selection for a particular case of application 
[20], [24], [25].  

The aim of the research is to develop a mathematical model 
for the urban electric vehicle and to test it on the selected city 
route in order to examine the performance of various battery 
types on these routes under different climate conditions 
(humidity, temperature, etc.) to find the best type of battery to 
meet the urban transport needs [15]–[18]. 

In order to create a mathematical model and to run simulation 
for electric transport, the following system components are 
needed: the power supply or in this case a battery the chemical 
base of which will be changed during the simulation; frequency 
converter; electric motor; bus technical parameters; route 
consumption and recuperation curves, or route acceleration and 
braking curves.  

The supply sources were modelled on the basis of source 
equivalent schemes composed of different elements such as 
capacitors, resistors, diodes and voltage sources, which are easy 
to model in such software as LTSpice or others. The basics of 
this model are the algebraic or differential equations that suit 
MatLab/Simulink environment. Such data as speed and mass of 
the vehicle were applied to the calculation of the force required 
for the movement, as well as such elements as inverters and 
dc/dc converters were taken into account in the model in the way 
of increased efficiency factors in the equations. The data of the 
vehicle mechanics for the modelling of the behaviour were taken 
from the running at Jelgava bus park vehicles – Ambassador.   
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The input of the proposed mathematical model was supplied 
with a speed curve changing in time taken during the 
experiment. This speed curve described the dynamics of the 
vehicle on the road – acceleration and braking processes. The 
required traction force was calculated in accordance with the 
speed of the vehicle that was indicated with the feedback in the 
system. The parameters of the vehicle – bus in our case – 
allowed for the calculations of electric drive power [21]–[24]. 

II. PREPARATION OF THE INITIAL DATA FOR MODELLING 
Depending on the construction of the electric vehicle (battery 

or hybrid), part or all of the built-in battery capacity ensures 
vehicle movement and operation. The information discussed 
below dealt purely with electric vehicles running from a built-
in battery. Like conventional transport, the power drive chain 
must be able to operate under all driving conditions. In addition, 
the electric vehicle must provide regenerative braking to use the 
kinetic energy of the vehicle to charge the batteries. This model 
was developed as a tool that could simplify and speed up the 
necessary calculations for battery parameter selection in electric 
transport based on manufacturers’ technical data. 

 
Fig. 1. The proposed algorithm of the model operation.  

The input of the proposed mathematical model was the time 
dependence of the speed (Fig. 1) that was experimentally taken. 
This speed dependence demonstrated the dynamics of the 
vehicle on the route – acceleration and braking. Speed gave an 
opportunity to calculate the tracking force necessary to achieve 
the experimentally fixed speed. This process was characterised 
by means of a tracking model. The feedback signal was the 
speed calculated from the tracking force. With the given 
parameters of the vehicle, the electric power was calculated. The 
current of the accumulator was calculated by means of frequency 
converter power voltage of the converter, assuming it as 
constant.  

Modelling required obtaining the speed curves for the vehicle 
routes (Fig. 2). Therefore, it was necessary to use the smart 
application SpeedTracker. The curve was taken according to 
GPS data with a 2 sec step. Two routes of a city of Latvia – 
Jelgava – were selected – route No. 2 and No. 5. Route No. 2 is 
the longest route in the city 17.5 km; it contains 33 bus stops 
and takes 40 minutes. Route No. 5 relates to an average load of 
public transport in Jelgava. The length of the route is 13 km; it 
goes through the centre of the city at the same time running to 
a close suburb; it includes 24 stops and lasts 34 minutes (Fig. 3).   

 
Fig. 2. Speed time diagrams of routes 5 and 2 correspondently applied to 
modelling. 

 

 
 Fig. 3. Routes 5 and 2 in the map. Figures from SpeedTracker application. 

III. MODELLING THE RESULTS 
The data of the vehicle and other factors and parameters were 

obtained from the technical documentation of Jelgava vehicle 
park and sources of technical information. Parameters of Nissan 
Leaf lithium-ion accumulator were taken as a basis for 
accumulators – 24 kWh – that can run 160 km [25], [26]. The 
mathematical model was used for the calculation of the 
simulation (Fig. 4). 

Two parameters were compared in order to prove the 
accuracy of the model: the model could follow the speed 
diagram in accordance with the pre-set parameters and the 
calculated distance of the route matched that of the real route 
(Fig. 5). 

Figure 6 shows the curves of the currents, the negative peaks 
of which corresponded to the regime of the regeneration.  The 
peaks can achieve the level of 600 A at the acceleration of the 
vehicle. The current diagrams were generated in accordance 
with the speed diagrams and were similar for different types of 
accumulators during the modelling time. 
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Fig. 4. The general view of the developed MatLab model. 

 
Fig. 5. Distance for routes No. 5 and No. 2 calculated in the model. 

 

 

Fig. 6. Current of the accumulators calculated during modelling for both routes. 

 

A. Modelling the Charging Level for Different Types of 
Accumulators 

The accumulators of different types were investigated under 
the same route conditions (Fig. 3). The basic assumption was 
that all of them started their work being 100 % charged. Table I 
summarises the modelling results.  

Lower charging on route No. 2 is related not only to the 
length of the route, but also to that fact that the bus runs out of 
the city where the distances between the stops are longer.  

For the comparison and analysis of the results, modelling was 
also run without considering the regeneration process – 
simulation of the regime with regeneration absence.   
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Fig. 7. Discharge levels of different accumulators of routes No. 5 and No. 2. 

Green – nickel-metal hydride, red – lead acids; blue – lithium-ion. 
 

 
 

Fig. 8. Discharge levels of different accumulators of routes No. 5 and No. 2. 
Green – nickel-metal hydride, red – lead acids; blue – lithium-ion. 

 
 

Figures 7 and 8 demonstrate discharge levels of different 
accumulators of routes No. 5 and No. 2 during the simulation 
time.   

TABLE I 
 MODELLING RESULTS 

 Route 
No. 5 
with 

regenera-
tion 

Route 
No. 5 

without 
regenera-

tion 
 

Route 
No. 2 with 
regenera-

tion 
 

Route 
No. 2 

without 
regenera-

tion 
 

Type of 
accumulator 

Charging 
level 

Charging 
level 

Charging 
level 

Charging 
level 

NiMH 52.88 % 35.37 % 30.36 % 13.23 % 
PbSO4 51.29 % 33.18 % 28.00 % 10.29 % 

Lithium-ion 49.26 % 30.4 % 25.00 % 6.55 % 
 

The difference in modelling with and without regeneration 
was 18.16 % for route No. 5 and 17.76 % for route No. 2. This 
result correlated with the assumption that an electric vehicle 
could regenerate the level of charge from 15 % to even 40 % 
from the consumed energy on a particular route [6]. 

B. Modelling the Voltage Level for Different Types of 
Accumulators 

Figure 9 shows the voltages of different types of 
accumulators during the simulation time.   

In accordance with the technical documentation, the level of 
the rated voltage for Nissan Leaf accumulator is 402.3 V [7]. 
Table II summarises the minimum and maximum values of the 

voltage for different accumulators during the modelling time. 
The data in the Table II demonstrate that lithium-ion and NiMH 
accumulators can operate with higher values and provide more 
effective regeneration than a lead-acid accumulator that has 
larger voltage drops with an increase in the consumed current. 

TABLE II 
VOLTAGE MODELLING RESULTS 

 
 Route No. 5 Route No. 2 

Types of 
accumulator 

Minimum 
value, V 

Maximum 
value, V 

Minimum 
value, V 

Maximum 
value, V 

NiMH 362 580 362 580 
PbSO4 254 790 254 790 
Li-ion 368 536 368 536 

 

C. Influence of the Outside Temperature on Accumulators 
The following results were obtained during the testing of the 

lithium-ion accumulators. The initial parameters for this type of 
experiments were the temperature at the accumulator rated 
operation values, as well as parameters of the accumulator at a 
lower level of temperature, e.g., voltage and capacity of the 
accumulator at 0 °C or −25 °C.  

Three temperatures (+35 °C; 0 °C; −25 °C) were selected for 
modelling in accordance with the data for 2016 and 2017 from 
the Geology and Meteorology Centre of Latvia for Jelgava 
region. Table III presents the modelling results. 
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Fig. 9. Voltages of different types of accumulators during the simulation of the same routes correspondently.  
Green – nickel-metal hydride, red – lead acids; blue – lithium-ion. 

The comparison of the obtained results with the previous 
results presented in Table I states their correspondence at the 
positive temperatures and can be considered a nominal 
operation temperature. With a decrease in temperature of the 
environment, the level of the accumulator charging also rapidly 
decreases. In this case the calculated results can decline in their 
accuracy as the ambient temperature is assumed constant and in 
the model the lithium-ion accumulators are not provided with 
cooling. 

TABLE III 
 MODELLING RESULTS 

 Route No. 5 Route No. 2 
Environmental temperature Level of charging Level of charging 

0 °C 45.00 % 18.71 % 
−25 °C 38.60 % 9.19 % 
+35 °C 49.26 % 25.00 % 

 

 
Fig. 10. Voltages of different types of accumulators during the simulation for routes No. 5 and No. 2. 

Green – at 0 °C; red – at −25 °C; blue – at +35 °C. 
 

 
Fig. 11. Temperature of the accumulators for routes No. 5 and No. 2.  

Green – at 0 °C; red – at −25 °C; blue – at +35 °C. 
 

IV. CONCLUSION 
The proposed mathematical model of electric transport is able 

to calculate the charge level of the battery depending on the 
speed of the examined routes and simulated different ambient 
temperatures for lithium-ion batteries. The model can be 

considered a function given that the calculation of the 
momentary speed of the route and the length of the road 
coincide. Therefore, this model can be used to analyse electric 
transport batteries and their possible operating modes. Model 
inaccuracies can be characterised by accepting many parameters 
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based on literature sources, but within the model these 
parameters can be changed depending on the available data. 
There are two dominant types of batteries that have been 
approved for simulation – lithium-ion and nickel-metal hydride. 
The use of both types of batteries in the future depends heavily 
on their development, or the ability to create batteries with 
higher indicators of energy and energy density at lower cost. 

Considering the similarity of simulation results to different 
chemical types of the batteries, selection should be based on 
other battery parameters, such as energy density and the 
required instantaneous power that the battery can provide. 
Based on the simulation results and the selected battery 
parameters, it can be concluded that the bus can take the route 
up to two times for bus route No. 5 (total 26 km) and only one 
stage for bus route No. 2 (~20 km), after which the accumulator 
of the public electric transport will require charging. The choice 
of battery type and capacity is directly related to the selected bus 
route. The short travel distance is due to the fact that the selected 
battery for simulation is from light electric transport. It could be 
recommended to set up a battery charging station at each end of 
the bus route, as the bus tends to stay for a while after the end 
of the route. 
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