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1. Introduction
The transportation sector is a major contribu-
tor to global CO2 emissions, with 94% of vehi-
cles still reliant on fossil fuels. To meet environ-
mental targets, the shift toward Electric Vehi-
cles (EVs) has accelerated, supported by tech-
nological advancements, government incentives,
and growing consumer demand. Despite rapid
market growth—projected at a 35% increase in
EV sales from 2022 to 2023—key challenges re-
main, particularly range anxiety, which hinders
broader adoption [1].
To address this issue, this study proposes a driv-
ing simulator designed to analyze driver behav-
ior and its impact on EV energy consumption.
The simulator provides a safe, controlled envi-
ronment for testing driving scenarios while of-
fering personalized range estimations to alleviate
range anxiety. Additionally, it serves an educa-
tional role, encouraging energy-efficient driving
habits to optimize performance and reliability.
This innovation aims to support the transition
to sustainable mobility by enhancing user confi-
dence in EV technology.

2. Reference Vehicle
The simulator features the 2022 Opel Mokka-
e city crossover as its reference vehicle. This
model is built on the Common Modular Plat-
form (CMP), a shared architecture used across
various Electric Vehicle models from multi-
ple manufacturers. The Mokka-e is equipped
with a Permanent Magnet Synchronous Motor
(PMSM) delivering a nominal power output of
100 kW and a maximum torque of 260 Nm, en-
abling a top speed of 150 km/h. The powertrain
includes a front-axle differential with gear ra-
tios of 5.06 and 1.92. Power conversion is man-
aged through an AC/DC converter utilizing SiC-
based IGBT transistors, while onboard auxil-
iary systems are powered by a dedicated DC/DC
converter. The energy storage system com-
prises a battery pack with 204 cells configured
in a 108s2p layout, based on nickel-manganese-
cobalt oxide (NMC) chemistry. For fast charg-
ing, the vehicle supports the CCS-Combo 2 con-
nector, allowing DC charging up to 100 kW. A
detailed overview of technical specifications is
provided in Tables 1 and 2 [2].
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Table 1: Opel Mokka-e technical characteristics.

Parameter Value Unit

Curb weight 1523 kg
Length 4151 mm
Width 1987 mm
Height 1532 mm

Frontal area 2.28 m2

Aerodynamic drag coefficient 0.3 -
Maximum speed 150 km=h

Regeneration threshold speed 8 km=h
Battery capacity 50 kWh

Single cell voltage 3.49 V
Battery voltage 377 V

Engine rated power 100 kW
Engine rated torque 300 Nm

Maximum rotational speed 14000 rpm
Overall gear ratio �G 9.72 -

Table 2: Opel Mokka-e energy consumption and
driving range.

Consumption Driving range
[ kW h

100 km
] [km]

City 13.6 - 15.0 300 - 330
Extra-urban 16.2 - 17.9 250 - 280

Highway 22.4 - 24.8 180 - 200
Avg. combined 16 281

3. Description of the simulator
The simulator for Electric Vehicles (EVs) is be-
ing developed by the Department of Energy at
Politecnico di Milano. It is composed of two
main components, as illustrated in Fig. 1:
Hardware: this includes all physical interface

devices required for Human-Machine Inter-
action (HMI), enabling realistic and respon-
sive user interaction

Software: this component is used to model and
simulate the EV, replicate its subsystems,
and generate the virtual environment in
which testing scenarios are conducted.

Figure 1: Simulator creation procedure.

3.1. Hardware equipment
The hardware system consists of a physical cabin
in which all components are installed. The ex-
ternal structure of the cabin is shown in Fig.
2 (a) and features a lateral access door to the
cockpit, along with adjustable internal lighting
that can be turned off during simulation sessions
to enhance immersion. An internal fan ensures
continuous air circulation, making the system
suitable for prolonged use. Audio immersion is
provided by an internal sound system with four
speaker: two positioned at the front and two at
the rear.
The simulation’s visual output can be displayed
either through a a 27-inch full HD monitor.
Unlike previous implementations [3], where the
steering wheel and pedal set were mounted on or
under a desk, this configuration integrates these
components onto a metal frame structure. A
car-derived seat, adjustable for driver comfort
and ergonomics, is included to ensure optimal
pedal reach and realism. Figures 2b, c illustrate
the steering wheel and pedal assembly, which
consists of two pedals (accelerator and brake),
both equipped with load cells. Pedal signals —
scaled from 0% (rest position) to 100% (fully
pressed) — are transmitted via an RJ12 to USB-
A adapter to the computer.
This configuration is designed to offer an im-
mersive and realistic driving experience, closely
replicating the environment of a real Electric
Vehicle. The cabin structure helps isolate the
test driver from external distractions, enhanc-
ing realism and allowing the user to engage with
the simulation in conditions similar to real-world
driving. As is typical for EVs, the clutch pedal is
omitted, since they operate with a single-speed
transmission. The direct-drive steering wheel of-
fers compactness and reduced operational noise,
and includes 20 programmable buttons, three
rotary knobs, and two paddle shifters. Com-
munication between the steering wheel and the
EV simulation software is enabled through the
manufacturer’s proprietary software, which also
allows customization of the steering response.

3.2. Software architecture
The simulation environment was developed us-
ing Unity3D, a widely adopted and versatile
platform for creating real-time interactive con-
tent, commonly employed in gaming and virtual
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reality applications. Unity3D enables the inte-
gration of a wide range of assets, allowing for
the modeling and incorporation of custom ob-
jects, materials, and animations. Within this
study, Unity3D was instrumental in implement-
ing the vehicle dynamics, defining the technical
parameters, and managing the simulation work-
flow. In parallel, Blender, an open-source 3D
creation suite, was used to design and render
virtual scenarios. Environmental elements de-
rived from real-world data were processed and
adapted in Blender to create realistic surround-
ings for the simulation. The integration between
Unity3D and Blender facilitated the develop-
ment of a coherent and immersive virtual en-
vironment, essential for high-fidelity testing and
user interaction.

3.2.1 Vehicle model and implementation

To implement the vehicle model of the Opel
Mokka-e within Unity3D, the asset Vehicle
Physics 2 (VP2) was adopted. This tool pro-
vides a foundational framework for simulating
the physical dynamics of a generic real-world
vehicle, starting from its fundamental technical
parameters. However, to tailor the model to the
specific characteristics of the Opel Mokka-e, sub-
stantial customizations were introduced through
the development of new functional scripts and
code in C#. These modifications aimed to re-
fine the default behavior of the built-in model
and accurately replicate the real dynamic re-
sponses and performance of the reference vehicle
during simulation. This customization phase in-
cluded the implementation of an electric motor
efficiency map [4], illustrated in Fig. 3b, and the
integration of power-speed (Pm; !m) and torque-
speed (Tm; !m) characteristic curves. In addi-
tion, the default fuel tank model was replaced
with the specifications of the actual battery pack
[4, 2] to reflect the energy storage system of the
real EV. A specific focus was placed on recalcu-
lating the motor torque Tm from the rated power
Pm in conditions where the motor speed !m = 0,
such as during a standstill start Fig. 3a. Further-
more, the model was extended to incorporate
regenerative braking behavior, by implementing
the corresponding braking torque Tb;reg.

(a)

(b)

(c)

Figure 2: EV simulator hardware: external
cabin (a), steering wheel (b) and pedals (c).

3.2.2 Scenario Creation

The various simulation scenarios were developed
using Blender, primarily leveraging two specific
add-ons:
Blender OpenStreetMap (Blosm): enables

the import of satellite imagery and the gen-
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