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Preface

It was Leonardo da Vinci (1452-1519) who first studied robotics in great depth. His great ability to
project and develop mechanisms intended to reproduce natural characteristics he was interested in are
published in his notebooks, Codex Atlanticus, Ms.B, Ms.1, today in the museum of science of Florence,
Italy, and in private collections like the Codex Leicester, belonging to Bill Gates, the founder of Micro-
soft (Rosheim, 2006). The first robots were truly complex, automatic pieces of art capable of carrying
out repetitive tasks. These robots gave rise to today’s fixed-base, manipulating arms, widely used in
industry (e.g. car-making industry). Mobile robots were developed recently, and their main feature is
their guided, semi-autonomous, or fully autonomous motion capability.

The evolution of mobile robots has contributed to a number of solutions in the area of robot control.
For example, the distributed control of robots requires wireless communication networks connecting
the robots to other devices in their surroundings. This book intends to, among other things, provide ex-
amples of solutions related to the distributed control of mobile robots. Wifi and Bluetooth technologies
are examples of such networks. Ad Hoc networks can be readily installed in a setting to offer coverage
of a wide region by using a great number of nodes. Besides offering communication for the robots, a
sensor network can aid their motion and location, as well as enhance their sensing capability. This book
presents different platforms and studies that permit the integration of Ad Hoc networks into mobile robot
applications with the goal of providing control of and communication among mobile robots through
wireless technologies.

The last decade’s fast advance in technology made mobility a reality. Each day witnesses the ap-
pearance of mobile and portable devices with ever-larger storage and processing capabilities. Likewise,
wireless communication technologies have also been developed, searching for optimal relation of energy-
unit-transmitted data. Perhaps the greatest advances have been in the area of wireless sensor networks.

Wireless Sensor Networks (WSNs) are made up of devices traditionally known as sensor nodes.
These nodes are compact, autonomous, possess limited storage capacity, sense physical characteristics
in their environment, and employ Radio Frequency (RF) signals over short distances, thus facilitating
communication (usually Ad Hoc). Mobile robots are computerized mechanisms capable of moving and
reacting to their surroundings by means of a combination of direction and operation established through
a trajectory, defined plan, or action transmitted in real time. Sensor-led information measures both the
robot’s internal status and its surroundings. Mobile robots are classified based on the application type or
locomotion type. Limbed robots can move across more irregular terrain than wheeled robots, but they
demand more energy and are also slower (Pfeiffer, et al., 1998). Robot mobility can also be airborne, as
is the case with robots used in aerial rescue, surveillance, and space exploration (Kaestner, et al., 2006).
Some robots move quickly on the soil or on service lines (ducts, wiring, etc.) while others use magnetic
levitation, which requires especially prepared surfaces. Lastly, there are sub-aquatic robots, which share
stability problems with their space counterparts.
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Mobile robotics is among the great variety of areas presently using wireless sensor networks. The
combined use of these technologies is quite interesting from the perspective that they supplement each
other. Mobile robots can be equipped with nodes and they can be interpreted as mobile nodes as part of
a sensor network, or as they are utilized as a communication channel between isolated networks. On the
other hand, a sensor network can be seen as an extension of the sensing and communication capabili-
ties of mobile robots. There is, for example, extensive literature exploring two of the abovementioned
characteristics.

The study of mobile robot location and control stands as an interesting challenge, given their great
mobility and the constant topology changes characteristic of Ad Hoc Mobile Networks (MANET). These
features call for efficient communications regarding the agent’s individual status and rapid algorithms
capable of calculating the relative positions of the systems involved.

Wireless mobile networks are communication systems where those stations constituting mobile
nodes communicate by means of links (radio). These network types can be classified into two kinds:
networks with infrastructure and Ad Hoc networks, or without infrastructure. The main feature of Ad
Hoc networks is that they do not have any type of previously established infrastructure. Therefore, this
kind of network can be quickly constructed, either in complex surroundings, or wherever previous in-
stallation of an infrastructure is difficult. In Ad Hoc networks, the nodes are responsible for carrying out
those functions previously carried out by the access point; then, each network node becomes a router
responsible for sending, forwarding, or receiving the messages with other nodes that must communicate
among themselves to reach any defined area. Given that nodes can move randomly and dynamically, thus
altering the topology of the network, the routing protocols used in Ad Hoc networks must be adaptive
and capable of finding routes in this rapidly changing scenario.

Substantial work in the area of Ad Hoc networks has been presented in the last few years. The charac-
teristic feature of these types of networks is the use of radio channels to promote communication between
theirnodes and the absence of fixed devices centralizing network communication, meaning that two nodes
can communicate directly once they are within each other’s transmission area. Whenever two nodes are
quite distant from each other, intermediate nodes in the network can participate as intermediaries in this
communication, carrying out routing functions of the messages between origin and destination nodes.

Several protocols have already been proposed in the literature to guarantee the routing of messages
between all of the network nodes and enhance communication efficiency. Examples include DSDV
(Perkins & Bhagwat, 1994), DSR (Johnson & Maltz, 1996), TORA (Park & Corson, 1997), and AODV
(Perkins & Royer, 1999). These features allow nodes to move within a given area, dynamically alter-
ing the network topology while maintaining connectivity. All of this expands the number of possible
applications of Ad Hoc networks.

The vision of Leonardo da Vinci is quickly becoming a reality. Robots can now emulate many natural
movements in many areas of endeavor, and their application is sure to grow in the future as technology
evolves and makes further advances possible. Robots and their intercommunication will one day make
human life more enjoyable, productive, safer, and more entertaining. Mobile Ad Hoc Robots and Wireless
Robotic Systems: Design and Implementation is abook whose objective is to present state-of-the-art work
being done in the area of robotics and communications so that its readers can one day advance science
and technology to our ultimate goal: produce robotic systems that can one day encompass every aspect
of our lives, thus freeing the human species to advance in many other fields of endeavor.
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Mobile robots and Wireless Sensor Networks (WSNs) are enabling technologies of ubiquitous and
pervasive applications. Surveillance is one typical example of such applications for which the literature
proposes several solutions using mobile robots and/or WSNs. However, robotics and WSNs have mostly
been considered as separate research fields, and little work has investigated the marriage of these two



technologies. In this chapter, the authors propose an indoor surveillance application, SURV-TRACK,
which controls a team of multiple cooperative robots supported by a WSN infrastructure. They propose
a system model for SURV-TRACK to demonstrate how robots and WSNs can complement each other
to efficiently accomplish the surveillance task in a distributed manner. Furthermore, the authors inves-
tigate two typical underlying problems: (1) Multi-Robot Task Allocation (MRTA) for target tracking
and capturing and (2) robot path planning. The novelty of the solutions lies in incorporating a WSN
in the problems’ models. The authors believe that this work advances the literature by demonstrating
a concrete ubiquitous application that couples robotic and WSNs and proposes new solutions for path
planning and MRTA problems.
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Accurate path following is an important mobile robot research topic. In many cases, radio controlled
robots are not able to work properly due to the lack of a good communication system. This problem can
cause many difficulties when robot positioning is regarded. In this context, gaining automatic abilities
becomes essential to achieving a major number of mission successes. This chapter presents a suitable
control methodology used to achieve accurate path following and positioning of nonholonomic robots
by using PID controllers. An important goal is to present the obtained experimental results by using the
available mobile robot platform that consists of a differential driven one.
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Sensor-based localization has been found to be one of the most preliminary issues in the world of Mo-
bile/Wireless Robotics. One can easily track a mobile robot using a Kalman Filter, which uses a Phase
Locked Loop for tracing via averaging the values. Tracking has now become very easy, but one wants
to proceed to navigation. The reason behind this is that tracking does not help one determine where one
is going. One would like to use a more precise “Navigation” like Monte Carlo Localization. It is a more
efficient and precise way than a feedback loop because the feedback loops are more sensitive to noise,
making one modify the external loop filter according to the variation in the processing. In this case, the
robot updates its belief in the form of a probability density function (pdf). The supposition is considered
to be one meter square. This probability density function expands over the entire supposition. A door
in a wall can be identified as peak/rise in the probability function or the belief of the robot. The mobile
updates a window of 1 meter square (area depends on the sensors) as its belief. One starts with a uniform
probability density function, and then the sensors update it. The authors use Monte Carlo Localization
for updating the belief, which is an efficient method and requires less space. It is an efficient method
because it can be applied to continuous data input, unlike the feedback loop. It requires less space. The
robot does not need to store the map and, hence, can delete the previous belief without any hesitation.
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Robotic navigation applies to multiple disciplines and industrial environments. Coupled with the applica-
tion of Artificial Intelligence (AI) with intelligent technologies, it has become significant in the field of
cognitive robotics. The capacity of reaction of a robot in unexpected situations is one of the main quali-
ties needed to function effectively in the environment where it should operate, indicating its degree of
autonomy. This leads to improved performance in structured environments with obstacles identified by
evaluating the performance of the reactive paradigm under the application of the technology of neural
networks with supervised learning. The methodology implemented a simulation environment to train
different robot trajectories and analyze its behavior in navigation and performance in the operation
phase, highlighting the characteristics of the trajectories of training used and its operating environment,
the scope and limitations of paradigm applied, and future research.
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Many interesting and difficult practical problems need to be tackled in the areas of firefighting, bio-
logical and/or chemical decontamination, tactical and/or rescue searches, and Web spamming, among
others. These problems, however, can be mapped onto the graph decontamination problem, also called
the graph search problem. Once the target space is mapped onto a graph G(N,E), where N is the set of G
nodes and E the set of G edges, one initially considers all nodes in NV to be contaminated. When a guard,
i.e., a decontaminating agent, is placed in a node i € N, i becomes (clean and) guarded. In case such a
guard leaves node i, it can only be guaranteed that / will remain clean if all its neighboring nodes are
either clean or clean and guarded. The graph decontamination/search problem consists of determining
a sequence of guard movements, requiring the minimum number of guards needed for the decontami-
nation of G. This chapter presents a novel swarm robotics approach to firefighting, a conflagration in
a hypothetical apartment ground floor. The mechanism has been successfully simulated on the Webots
platform, depicting a firefighting swarm of e-puck robots.
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This chapter presents the development and implementation of three approaches that contribute to solving
the mobile robot path planning problems in dynamic and static environments. The algorithms include
some items regarding the implementation of on-line and off-line situations in an environment with static
and mobile obstacles. A first technique involves the use of genetic algorithms where a fitness function
and the emulation of the natural evolution are used to find a free-collision path. The second and third
techniques consider the use of potential fields for path planning using two different ways. Brief descrip-
tions of the techniques and experimental setup used to test the algorithms are also included. Finally, the
results applying the algorithms using different obstacle configurations are included.
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One solution for trajectory tracking in a non-holonomic vehicle, like a mobile robot, is proposed in this
chapter. Using the boundary values, a desired route is converted into a polynomial using a point-to-point
algorithm. With the properties of Differential Flatness, the system is driven along this route, finding the
necessary input values so that the system can perform the desired movement.
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Chapter 9
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Using a Single-Human Multiple-Robot System (SHMRS) to deploy rescue robots in Urban Search and
Rescue (USAR) can induce high levels of cognitive workload and poor situation awareness. Yet, the
provision of autonomous coordination between robots to alleviate cognitive workload and promote
situation awareness must be made with careful management of limited robot computational and com-
munication resources. Therefore, a technique for autonomous coordination using a hierarchically struc-
tured collective of robots has been devised to address these concerns. The technique calls for an Apex
robot to perform most of the computation required for coordination, allowing Subordinate robots to be
simpler computationally and to communicate with only the Apex robot instead of with many robots.
This method has been integrated into a physical implementation of the SHMRS. As such, this chapter
also presents practical components of the SHMRS including the robots used, the control station, and
the graphical user interface.
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Driven by the rising demand for underwater operations concerning dam structure monitoring, Hydro-
power Plant (HPP), reservoir, and lake ecosystem inspection, and mining and oil exploration, underwater
robotics applications are increasing rapidly. The increase in exploration, prospecting, monitoring, and
security in lakes, rivers, and the sea in commercial applications has led large companies and research
centers to invest underwater vehicle development. The purpose of this work is to present the design
of an Autonomous Underwater Vehicle (AUV), focusing efforts on dimensioning structural elements
and machinery and elaborating the sensory part, which includes navigation sensors and environmental
conditions sensors. The integration of these sensors in an intelligent platform provides a satisfactory
control of the vehicle, allowing the movement of the submarine on the three spatial axes. Because of the
satisfactory fast response of the sensors, one can determine the acceleration and inclination as well as the
attitude in relation to the trajectory instantaneously taken. This vehicle will be able to monitor the physi-
cal integrity of dams, making acquisition and storage of environmental parameters such as temperature,
dissolved oxygen, pH, and conductivity, as well as document images of the biota from reservoir lake
HPPs, with minimal cost, high availability, and low dependence on a skilled workforce to operate it.

Chapter 11
A Virtual Simulator for the Embedded Control System Design for Navigation of Mobile Robots
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This chapter presentsa virtual environment implementation forembedded 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.



