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Abstract—Simulation is an inevitable step for education and
prototyping of robotics. The simulator allows you to test ideas in a
secure and verifiable environment, preventing robot cells and the
sorrounding systems from being damaged. This paper describes
a robotics simulation environment that fulfils the requirements
of educational and research work.

Index Terms—Robotics, Simulation, Industry 4.0, Smart Man-
ufacturing, AGV

I. INTRODUCTION

Starting from the discovery of planets, industrial applica-
tions [1] to cleaning households, the application of robotics is
diversified. In the simulation of robotics dynamics, informat-
ics, control theory, sensors and actuators have to be combined,
which makes modelling a real challenge [2].

With the development of processors and 3D graphics tools
the possibilities in robotics simulations dramatically changed.
The models may be more complex in computer simulations,
and we can run real-time simulations connected to hardware
(HIL) and control embedded systems from the framework.

We can compile a simulator from various open-source robot-
ics libraries, but the architecture of the software environment
play a decisive role in determining how these elements affect
each other and how the overall efficiency of the system
evolves. Robust simulation systems require versatility and
scalability.

A robot simulator needs to provide a variety of tools at
one time while the abstraction of the underlying systems. In
addition, flexible control is required (portability and maintain-
ability), generalized and scalable to different models.

Section II. discusses available open-source robotics simula-
tion environments. Section III. introduces the main elements
of V-REP. Section IV. demonstrates educational and training
possibilities via V-REP. Section V. presents industrial applic-
ation of V-REP.

II. SIMULATION ENVIRONMENTS

In the era of industry 4.0 the tools for digitalisation gain
greater relevance [3]. For robotics simulation we can find
various software environments like Open HRP [4], Webots [5],
ARGoOS, Gazebo or V-REP. Due to their educational relevance
the paper discusses the latter three.

ARGoS (Autonomous Robots Go Swarming) is an open-
source multi-robot simulator (the main user interface can
be seen in Fig. 1). The software is designed to simulate
swarm robotics. It is both effective (performance) and flexible

(customizable). We have the possibility to divide the simulated
space into sub-spaces that are handled by parallel running
physics engines. The architecture is designed to optimize the
use of multi-core processors [6].
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Figure 1. ARGoS!

Gazebo is a multirobot simulation, open source software
environment capable of visualizing data, simulating remote
environments, and supporting decryption of blackbox systems
(the main user interface can be seen in Fig. 2). Gazebo is made
in collaboration with Player and Stage projects [7]-[9].

Player and Stage projects started in 2001, popular in univer-
sities and industry as well. Player is a network device server,
while Stage is a simulator for mobile robotics in 2 dimensions.
The complement of the projects is the Gazebo as an outdoor
simulator [10].

Gazebo was motivated by the spread of robotic vehicles
in outdoor applications. Although the Stage is suitable for
simulating interactions between indoor robots, there is a need
for a simulator for modeling an outdoor environment where
modeling of sensor feedback can be realistically modeled.
That is why Gazebo has been developed to reproduce the
dynamic environment with which a robot can meet in an
outdoor environment. Based on the principles set by Player and
Stage, Gazebo is open source. Thus, the Gazebo community
is still active today to continuously develop the environment.
This is an efficient, scalable and simple software environment
that can be used for education as well.

Uhttp://iridia.ulb.ac.be/supp/IridiaSupp2017-008/index.html
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Figure 2. Gazebo?

V-REP (Virtual Robot Experimentation Platform) [11] (the
main user interface can be seen in Fig. 3) is a versatile
and scalable general purpose simulation framework. This is
a portable and flexible framework that allows direct control
of different control techniques. By reducing the complexity
of the simulation model, simulations and simulation models
have become more accessible to a much more comfortable
community. Further improvements include built-in functional-
ities, as well as a variety of programming options [2].

Figure 3. V-REP?

Main advantages of the three simulation environments based
on speed, model detail and available features [12]:

o V-REP is very rich in features, includes editor for scenes
and models, and many built-in models. It is available for
educational purposes for free.

o ARGoS is a special option for swarm robotics.

o Gazebo is an intermediate solution between V-REP and
ARGoS.

V-REP is the most complex of them. However, it offers
a number of useful features, so it is an excellent choice

Zhttp://www.clearpathrobotics.com/assets/guides/jackal/_images/gazebo-
jackal-race.png

3https://ai2-s2-public.s3.amazonaws.com/figures/2017-08-08/
b127edeb5bb407920e3fc8315f574bdf7351758b/1-Figurel- 1.png

for detailed and good looking simulations running on high
performance machines. There are several types of physical
engines available, a comprehensive model library is available,
the user can change the environment while simulating the
environment, video recording is available and there is an
excellent documentation. V-REP offers excellent optimization
options to simplify the model’s network, which means that
computing resource requirements are relatively easy to reduce
without using third-party 3D modeling software. In addition,
V-REP automatically generates new threads for multiple CPU
core so that it can reach the full CPU resource if needed [12].

Based on these advantages the paper discusses the applica-
tion of V-REP in the necxt sections.

III. V-REP

V-REP is easy to learn, supported by tutorial projects. The
main simulation loop is a simple Lua script ("main script”)
[13]. The user can choose from the following programming
techniques:

o Embedded scripts (Lua)
e Add-ons

e Plug-ins

« Remote API clients

e ROS nodes [14]

e BlueZero nodes

Controllers can be written in C/C++, Python, Java, Lua,
Matlab or Octave.

The V-REP simulation contains several objects that are
assembled in a tree-like hierarchy. The following types are
supported:

o Joints

Link two or more elements. They can be in force mode
or inverse kinematics mode.

o Shapes

V-REP uses meshes of triangles for visualisation and rigid
body simulation.

o Proximity sensors [15]

e Vision sensors

Integrated filtering and image processing features allow
complex filters to be created.
« Force sensors
o Graphs
o Cameras
o Lights
Directly affect cameras and vision sensors.

o Paths
They allow definition of complex spatial movements,
such as for controlling a welding robot to move along
a certain track.

e« Dummies

o Mills
Customizable convex volume elements that simulate cut-
ting operations such as milling, laser cutting, etc.

Objects of the scene are seldom used by themselves, they
work with other objects. V-REP offers a number of computing
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modules that can work directly on one or more objects. The
following are the most important computing modules:
o Kinematics module
Performs forward and inverse kinematics calculations for
branched or closed mechanisms as well [16].
e Dynamics module
Performs rigid body dynamics via Bullet Physics Library
[17], Open Dynamics Engine [18], Vortex Dynamics [19]
or Newton Dynamics [20].
o Collision detection module [21]
e Mesh-mesh distance calculation module
o Path/motion planning module [22]

IV. EDUCATION

Practical experience is always a pivotal point in university
studies. To raise a real industrial environment within the
walls of the university is not only expensive but also can
be dangerous or impossible (depending on the university’s
capabilities, possibilities) [23]. It is not avoidable but it can
be well prepared and reduced to the lowest possible extent by
the use of simulation environments like V-REP. Besides the
classroom studies the digitalised environment can be used for
home work, blended learning and e-learning purposes. It is
actually the “digital twin” (based on Siemens terminology) of
the represented industrial environment. In Fig. 4 a classroom
modell of a sorting machine can be seen, while in Fig. 5 the
V-REP modell can perform the same tasks.

Figure 4. Sorting machine

Figure 5. Simulation of sorting machine

The simulation environment amongst others gives the op-
portunity of education of the following subjects:

o robotics

e automation

e programming

e process planning

« control theory

o logistics [24]

V. INDUSTRIAL APPLICATION

V-REP provides a good starting point also for industrial
research. Obuda University as a part of a consortium takes
part in the development of an automated forklift fleet based
on automated guided vehicles (AGVs). The main goals of the
project:

o Raise automated intralogistics systems to a higher level

of service by maximizing added value.

« Development of vehicles and navigation solutions suitable

for both indoor and outdoor application.

o Comprehensive integration of the AGV system into the

corporate IT environment: from ERP to onboard manage-
ment.

The tasks of Obuda University in the consortium are the
following:
« Development of vision based navigational strategies.
Support for positioning.
Identification and avoidance of obstacles, security
features.
o Optimal sensorfusion in positioning.
Selection of parallel sensor systems.
Development of an optimal filtering algorithm.
Support for outdoor and indoor navigation capabil-
ities.

Figure 6. Layout for AGV simulation
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VI. CONCLUSION

V-REP provides a wide range of possible applications and
therefore it is suitable for univerity studies and research
activities:

fast algorithm development

system verification

rapid prototyping

safety double-checking

remote monitoring systems

robotics related training and education
hardware control

factory automation simulation

Several projects have been developed both for educational
and industrial purposes.
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