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Abstract—Electric vehicles have the advantage of 
regenerative braking in which the electric motor can be used as 
a generator to convert the kinetic energy of a moving vehicle 
into electrical energy during the braking process. The purpose 
of this study is to determine the effect of vehicle inertia on the 
voltage and electrical power profiles at the ultracapacitors as 
the energy storage system (ESS) and the vehicle speed during 
the motoring and the generating modes. In this study, an 
induction motor is used. The combination of regenerative and 
mechanical braking systems is regulated by the control logic to 
meet the driver's request. The mathematical model of a 
regenerative parallel braking system is coded in 
MATLAB/Simulink. The simulation results show the profiles 
of electric power flow, energy flow, mechanical braking torque, 
braking torque by the motor, and the State of Charge (SOC) of 
the ultracapacitor stacks. 

Keywords— regenerative braking, SOC, ultracapacitors, 
flywheel, generating mode 

I. INTRODUCTION 

Electric vehicles have the advantage of regenerative 
braking. An electric motor which is usually used as a driver 
can be used as a generator to convert the kinetic energy of a 
vehicle into electrical energy during the braking process, 
rather than removing heat energy. This electrical energy can 
then be stored in energy storage systems (eg batteries or 
ultracapacitors) and then released to electric motors as 
driving vehicles. 

Regenerative braking must operate safely and effectively, 
therefore the regenerative and mechanical braking system 
must be fully integrated. This integration requires a 
combination of regenerative and mechanical braking to be 
controlled smoothly and accurately to meet the driver's 
demand. 

 

Regenerative braking torque settings are carried out using 
control algorithms and vector control for induction motors. 
In overcoming the problem of setting braking torque 
separately from the driving force of the pedal by using a 
reduction in pressure on the brake booster to regulate the 
amount of mechanical torque developed by the braking 
system 

II. METHODS OF REGENERATIVE BRAKING 

A. Parallel Regenerative Braking 

During parallel regenerative braking, both the electric 
motor and the mechanical braking system always work in 
parallel (together) to slow the vehicle down shown in Fig. 1 
[1]. Because mechanical braking cannot be controlled 
independently of the brake pedal force, this changes part of 
the kinetic energy of the vehicle into heat, not electrical 
energy. The regenerative braking force developed by the 
electric motor is a function of the hydraulic pressure of the 
master cylinder, and therefore a function of vehicle 
deceleration. Because the regenerative braking force 
available is a function of motor speed and because almost no 
kinetic energy can be recovered at low motor speed, the 
regenerative braking force at high vehicle deceleration is 
designed to be zero so as to maintain braking balance. The 
parallel braking system does not need an electronically 
controlled mechanical brake system. A pressure sensor 
senses the hydraulic pressure in the master cylinder, 
which represents the deceleration demand. The 
pressure signal is regulated and sent to the electric 
motor controller to control the electric motor to 
produce the demanded braking torque. This is not the 
most efficient regenerative braking method. However, 
parallel regenerative braking does have advantages because it 
is simple and cost-effective. For the use of this method, the 
mechanical braking system requires a little modification and 
the control algorithm for the electric motor can be easily 
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Abstract— The need for zero emission transport solutions 
in urban areas is strongly driven by topics like local air 
pollution, noise emissions as well as global CO2 reduction and 
public pressure. One solution for this demand are battery 
electric vehicles with the focus to provide emission free urban 
transportation combined with lowest total cost of ownership 
and consequently a positive business case for the end 
customers. Requirements and approaches to achieve this 
important goal are discussed in this paper. 

Keywords—electrification, e-axle, cooling, powertrain 
integration 

I. INTRODUCTION 

To enable the transition to electrified transportation, AVL 
is developing e-drive solutions for buses as well as light-, 
medium- and heavy-duty commercial vehicle applications. 
As an application for buses was already presented together 
with ZIEHL-ABEGG at the 39th Vienna Engine Symposium 
[1], this paper will focus on applications for commercial 
vehicles. 

In the field of commercial vehicles, solutions with slow 
rotating e-motors which drive a conventional axle via a 
cardan shaft struggle with the main challenges of electric 
range, product cost, system weight and vehicle packaging. 

The solution presented here is a concept of a medium-
duty commercial vehicle e-axle developed by AVL which 
can be quickly transferred into a series development project. 
With this concept of an integrated electrical axle for urban 

truck application (16 ton GVW), this approach overcomes 
the zero emission challenges and defines a new class of 
commercial vehicle electric axles. 

The full integration of a high speed e-motor, power 
electronics, 2-speed reduction transmission and a dual 
temperature oil cooling system minimizes the interfaces to 
the vehicle. The compact packaging allows a large battery 
size placed crash-safe in between the vehicle frame rails for 
an increased electric range. The high degree of integration 
enables optimized solutions in terms of product cost and 
system weight. 

This paper shows the architecture of the e-axle, explains 
the main specifications and presents design solutions for the 
integration of all required components into the new 
electrically driven axle. Furthermore, a solution for the 
cooling system for the e-axle components is described. 

II. SYSTEM SPECIFICATION 

The simplest way to install an electric drive into a truck is 
to place an off-the-shelf electric motor into the vehicle frame 
which drives a conventional truck axle via a cardan shaft. In 
this case the batteries need to be packaged at both sides of 
the vehicle. In the future increasing production volume are 
expected. That allows more optimized solutions. By the 
integration of the e-drive components into the axle the 
batteries can be positioned crash-safe in between the frame 
rails. Both variants are shown in Fig. 1. 

 
 

 
Fig. 1 E-drive concepts for trucks 

Authorized licensed use limited to: University of Canberra. Downloaded on June 07,2020 at 19:41:36 UTC from IEEE Xplore.  Restrictions apply. 
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Abstract—Energy storage system would play a crucial role 

in the electric and hybrid vehicle applications. This paper 
presents modeling, identification and validation of the behavior 
of two energy storage devices, battery and supercapacitor, used 
for a hybrid energy storage system (HESS) in electric vehicle 
applications. Besides of both main storage elements, the HESS 
includes bi-directional DC/DC power converters suitable for 
power electronic interface between the battery main energy 
storage system and the supercapacitor. Design and modeling of 
the DC/DC power converter is discussed in this study. The 
electric state-space models of both power sources, battery and 
supercapacitor, are also developed. And following that lead, the 
identification of both storage components constituting the HESS 
is carried out via many optimization methods based on 
laboratory experimental data of an urban electric vehicle. 
The obtained results show the good performance of the state 
space developed models comparing with the experimental 
results from a test bench developed in our laboratory. 

Keywords— electric vehicle, hybrid energy storage system, 
lithium-ion battery, supercapacitor, optimization algorithm, 
bidirectional DC/DC converter, state space, identification, test 
bench 

I. INTRODUCTION 

The energy transition in the field of individual transport 
requires first of all change in thinking: Do we need such 
important mobility ranges in our everyday lives? How to use 
the vehicles stopping times for battery charging?...etc. 
However, this energy transition also requires technological 
improvements, mainly in the storage of electrical energy.  
In this context, the electric vehicle application is a rather 
particular field of application since it requires both a high 
degree of energy and a high-power requirement. It tends not 
to be compatible with existing storage systems. One of the 
ideas to overcome this problem is to use a High Energy 
lithium-ion battery (HE) coupled with supercapacitors [1], [2]. 
The latter is used as a buffer to assist and preserve the battery, 
by responding to high and medium changes of current. It can 
also be charged during the deceleration and braking phases 
[3]. In this case, the battery only sees the slow current 
changes. By taking full advantage of each of the two energy 
storage units, HESS can effectively satisfy the varying power 
and energy requirements and hence can increase the power 
availability [3], [4]. In addition, the application of HESS to an 

electric drivetrain (e-motor) can be used to fulfill one or more 
of the following requirements: (1) to improve the efficiency of 
the electric system, (2) to reduce the sizes and cost of battery, 
and (3) to provide better lifetime of energy supply. 

 The key issue in battery/supercapacitor HESS is energy 
management [1],[5]. It means defining the optimal power 
flows assignment between the battery energy source and the 
supercapacitor auxiliary power source, which can play a non-
negligible role in the effectiveness and the performance of the 
electric drivetrain system. In this context, how to effectively 
split power is a major challenge in HESSs [1]. Many power 
management strategies have been proposed for HESSs in 
literature, ranging from rule-based or fuzzy logic control 
approaches to optimization-based strategies, and model 
predictive control methods [6],[7],[8]. 

In order to design and evaluate energy management for 
HESS, device models that are suitable for the system-level 
simulations are required. Due to the complexity of internal 
characteristics and sensitivity to the ambient conditions, 
lithium-ion batteries are of special interest in the device 
modeling phase. Different battery models have been 
extensively reported in the literature in the last few years [9]. 

In this paper, the modeling, identification and simulation 
of a lithium-ion battery/supercapacitor HESS in electric 
vehicle applications are proposed. The main contributions of 
the paper are as follows: a lithium-ion battery state-space 
model suitable for the system-level applications is constructed 
based on the laboratory experimental tests. By considering the 
behavior of DC/DC power converter and supercapacitor, the 
proposed model reflects the HESS dynamics accurately 
without relying on complicated calculations [3][4]. 

 The remainder of the paper is organized as follows: 
Section 2 shows the proposed hybrid energy storage system 
topology, Section 3 describes modeling, identification of 
parameters, and simulation results of the DC/DC converter, 
Section 4 illustrates modeling, identification of parameters, 
and simulation results of the Li-ion battery, Section 5 presents 
modeling, identification of parameters, and simulation of the 
supercapacitor, and Section 6 offers conclusion and a 
description of future work. 

Authorized licensed use limited to: University of Exeter. Downloaded on June 08,2020 at 09:15:23 UTC from IEEE Xplore.  Restrictions apply. 
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Abstract – The analysis of channel measurement based ray-

tracing (RT) simulation nowadays is considered as one of the 
most effective in solving traffic railway communication. In order 
to handle the increasing capacity demand for higher transmission 
capabilities, the railway communication system should be 
support by high data rate conectivity and feasible in many areas 
included urban area. The channel characteristic for railway 
scenario are explored by RT analysis method in the simulation at 
800 MHz with 20 MHz bandwidth. Also most straightforward 
way to increase capacity is to add more bandwidth. The scenario 
for high speed railway (HSR) are modeling in urban area. 
However due to channel information parameters are extracted 
and incorporated into a 3GPP-like random channel generator. 
Well to analysis the channel mesurement depend on ray-tracing 
for HSR can be adjusted with the channel information on the 
area. 

 
Keywords – channel measurement, ray tracing, bandwidth, and 

modeling 
 

I. INTRODUCTION 

Smart railway communication networks are inevitable 
elements of modern railways. This is because communication 
networks are fundamental for vital railway services such as 
train command-control systems and railway emergency call. 
These services greatly improve railway safety and efficiency 
(e.g. by ensuring that trains always obey signals and by 
providing more detailed information to train drivers, what 
allows reaching higher speeds and maximize track 
occupancy). Voice and Data communications are still very 
important services for railways. Railway communication 
technology needs not only to provide point-to-point calls as 
commercial mobile telephony does, but also to provide 
railway-specific features such as group calls, broadcast calls, 
call prioritization and advanced addressing based on location 
or function (e.g. calling a train dispatcher responsible for a 
given area). In other case the people needed to access the 
internet as main data communication. So the main problem 
here is how to modeling channel characteristic with RT 
simulation to be feasible in urban area. The main simulation 

should be caribrated by many material environment which is 
suitable with the urban location[1][2]. 

Major problem in analysis channel measurement for 
railway communication system are multi-path effect and root-
mean-square (RMS) delay spread[1][3]. However the multi-
path effect is not only reduce the received power in receiver 
(Rx) but it can move the phase of received power, although the 
amplitude of the signal is constant as like as transmitted signal 
but in general the phase of the signal would not be the same as 
like as transmitted signal. And also for RMS delay spread, the 
received signal would be delayed. The delay occur when the 
electromagnetic (EM) signal from transmitter (Tx) passed the 
zone as like antenna patterns, and the signal is transmitted 
from Tx to Rx made two type rays that called by direct path 
and scattering path. The direct path is line of sight (LOS) 
communication path without any obstacle, the signal would be 
transmitted directly to Rx. While the scattering path is not 
clearly communication path, it can be reflected, refracted or 
interfered with any obstacle[4][5]. Now the RT simulation for 
railway communication can solve to find RT analysis of 
channel measurement scenario at 800MHz in urban 
environment. The model of urban environment are made by 
Sketchup program, and for the materials of the environment 
belong to RT simulation.  

The remainder of this paper is organized as follows. In 
section II the propagation mechanisms, RT method and type of 
rays. System model and specification of model environment 
will be explain in section III. In section IV, the analysis result 
of the channel measurement based on RT analysis will be 
exposed. Finally, conclusions are drawn in section V. 

 
II. PROPAGATION MECHANISMS 

Path loss is a measure of attenuation based only on the 
distance to the transmitter, as basic free space model only 
valid in far-field. Path loss models typically define a “close in” 
point ݀ and reference other points from there (1), also for 
log-distance generalizes path loss to account for other 
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