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ABSTRACT

This chapter presents a virtual environment implementation for embedded design, simulation, and concep-
tion of supervision and control systems for mobile robots, which are capable of operating and adapting to 
different environments and conditions. The purpose of this virtual system is to facilitate the development 
of embedded architecture systems, emphasizing the implementation of tools that allow the simulation of 
the kinematic, dynamic, and control conditions, in real time monitoring of all important system points. 
To achieve this, an open control architecture is proposed, integrating the two main techniques of robotic 
control implementation at the hardware level: systems microprocessors and reconfigurable hardware 
devices. The utilization of a hierarchic and open architecture, distributing the diverse actions of control 
in increasing levels of complexity and the use of resources of reconfigurable computation are made in 
a virtual simulator for mobile robots. The validation of this environment is made in a nonholonomic 
mobile robot and in a wheelchair; both of them used an embedded control rapid prototyping technique 
for the best navigation strategy implementation. After being tested and validated in the simulator, the 
control system is programmed in the control board memory of the mobile robot or wheelchair. Thus, the 
use of time and material is optimized, first validating the entire model virtually and then operating the 
physical implementation of the navigation system.
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INTRODUCTION

This work’s main objective is to present an 
implementation of a virtual environment for rapid 
design and simulation prototyping. The concep-
tion of supervision and control systems for mobile 
robots are also discussed. Mobile robot platforms 
are capable of operating and adapting themselves 
to different environments and conditions. The 
purpose of this virtual system is to facilitate the 
development of embedded architecture systems, 
emphasizing the implementation of tools that al-
low the simulation of the kinematic, dynamic, and 
control conditions, with real-time monitoring of 
all important system points. To accomplish these 
tasks, this work proposes an open control archi-
tecture that integrates the two main techniques of 
robotic control implementation at the hardware 
level: microprocessor systems and reconfigurable 
hardware devices, like a CPLD (Complex Pro-
grammable Logic Device). The utilization of a 
hierarchic and open architecture, distributing the 
diverse actions of control on increasing levels of 
complexity, the use of resources of reconfigurable 
computation, and the validation of this environ-
ment are made in a virtual simulator for mobile 
robots (Normey-Ricoa, et al., 1999).

Locomotion planning, under some types of 
restrictions, is a very vast field of research in the 
field of the mobile robotics (Siegwart & Nour-
bakhsh, 2004). The basic planning of trajectory 
for mobile robots implies the determination of a 
way in the space-C (configuration space), between 
an initial configuration and the final configura-
tion, in such way that the robot does not collide 
with any obstacle in the environment, and that the 
planned movement is consistent with the kinematic 
restrictions of the vehicle (Graf, 2001). In this 
context, one of the points boarded in this work 
was the development of a trajectory calculator 
for mobile robots.

The implemented simulator system is com-
posed of a module of a trajectory generator, a 
kinematic and dynamic simulator module, and 

an analysis module for results and errors. The 
simulator was implemented from the kinematic 
and dynamic model of mechanical drive systems 
of the robotic axles and can be used to simulate 
different control techniques in the field of mobile 
robotics, allowing the simulator system to deepen 
the concepts of navigation systems, trajectory 
planning, and embedded control systems. All the 
kinematic and dynamic results obtained during 
the simulation can be evaluated and visualized in 
graphs and table formats in the results analysis 
module, allowing the system to minimize errors 
using necessary adjustments and optimizations 
(Antonelli, et al., 2007). 

The controller implementation in the embed-
ded system uses a rapid prototyping technique, 
which allows, along with the virtual simulation 
environment, the development of a controller 
design for mobile robots. After being tested and 
validated in the simulator, the control system is 
programmed into the memory of the embedded 
mobile robot board. In this way, time and mate-
rial are economized by first virtually validating 
the entire model and then operating the physical 
implementation of the system.

The hardware and mechanical validation and 
the tests were accomplished with a nonholonomic 
prototype of the mobile robot model with a dif-
ferential transmission.

THE MOBILE ROBOT PLATFORM

This chapter presents the implementation of a 
virtual environment for simulation and concep-
tion of supervision and control systems for mobile 
robots and is focuses on the study of the mobile 
robot platform, with differential driving wheels 
mounted on the same axis and a free castor front 
wheel, whose prototype is used to validate the 
proposal system, as depicted in Figure 1.

Figure 2 illustrates the principal elements and 
components of the mobile robot platform.



 

 

33 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/virtual-simulator-embedded-control-

system/72804

Related Content

Analysis of Direct Sensor-to-Embedded Systems Interfacing: A Comparison of Targets’

Performance
Lars E. Bengtsson (2012). International Journal of Intelligent Mechatronics and Robotics (pp. 41-56).

www.irma-international.org/article/analysis-direct-sensor-embedded-systems/64218

Adapting to the Traffic Swarm: Swarm Behaviour for Autonomous Cars
Fritz Ulbrich, Simon Sebastian Rotterand Raul Rojas (2020). Robotic Systems: Concepts, Methodologies,

Tools, and Applications  (pp. 1391-1414).

www.irma-international.org/chapter/adapting-to-the-traffic-swarm/244065

Kinematics and Dynamics Modeling of a New 4-DOF Cable-Driven Parallel Manipulator
Hamoon Hadian, Yasser Amooshahiand Abbas Fattah (2011). International Journal of Intelligent

Mechatronics and Robotics (pp. 44-60).

www.irma-international.org/article/kinematics-dynamics-modeling-new-dof/61156

iParking: An Intelligent Android-Cloud Based Smart Parking Reservation System Using Smart

Phones Supportive to Smart City
Ankita Khadsare, Gauri Jadhav, Sayali Maliand Shivani Nanaware (2017). International Journal of

Synthetic Emotions (pp. 1-24).

www.irma-international.org/article/iparking/182698

Image Tampering Detection Using Convolutional Neural Network
Shruti Singhania,  Arju N.Aand Raina Singh (2019). International Journal of Synthetic Emotions (pp. 54-63).

www.irma-international.org/article/image-tampering-detection-using-convolutional-neural-network/238082

http://www.igi-global.com/chapter/virtual-simulator-embedded-control-system/72804
http://www.igi-global.com/chapter/virtual-simulator-embedded-control-system/72804
http://www.irma-international.org/article/analysis-direct-sensor-embedded-systems/64218
http://www.irma-international.org/chapter/adapting-to-the-traffic-swarm/244065
http://www.irma-international.org/article/kinematics-dynamics-modeling-new-dof/61156
http://www.irma-international.org/article/iparking/182698
http://www.irma-international.org/article/image-tampering-detection-using-convolutional-neural-network/238082

