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Abstract—The QuickBot mobile robot is presented in this paper, 

with main aim to be educational and research experimental tool for 

robotics application in multi robot scenarios. The main idea was to 

use fairly cheap, easy to build, differential drive robot capable to 

use in student courses in order to apply the theory of mobile robot 

to a real indoor environment. The hardware components of 

Quikbot (two wheels, two motors with wheel encoders, embedded 

Linux computer, the BeagleBone processor board, 5 infrared (IR) 

range sensors) are analysed and described. The second important 

idea for using QuickBot is investigationthecooperationofseveral robot 

unitsandthepossibilityofobtainingacollaborativebehaviorbydecentralized

control algorithms. This idea by using MATLAB software is 

described by single robot behaviors and complex collective leader-

follower algorithms. 
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I.  INTRODUCTION  

Educational robotics represents a set of educational 
activities that support and strengthen specific areas of 
knowledge and skills developed in students through the process 
of design, creation, assembly and operation of robots.The one 
of goal in contemporary robotics teaching, is to adapt students 
to current production processes, where the Automation 
Technology, plays a very important role. However, modern 
educational robotics system is considered beyond a typical 
working application. 

Today, educational robotics in academic environments, are 
organized using different type of learning, from conventional 
face-to-face learning, through blending learning, and finally as 
distance e-learning process. Specially, with emergent 
development of Web technologies, there are many on-line 
learning environment platforms [1]-[3], which includes various 
robotics curricula. At the other side, some specialized Robotics 
Academy, such as Carnegie Mellon Robotics Academy [4], 
develops tools for professors and teachers that make it easier to 
implement robotics curriculum into today‘s academic 
classrooms. It is important to notice that, contemporary 
robotics curriculum is not only education-based, but also 
research-based oriented, aligns with standards, and focuses on 
the development of modern skill sets in students. 

Our domain of consideration in educational robotics is 
connected for Control of Mobile Robots. Today, there are 
many on-line courses about control of Mobile Robots, but as 

our target course, Coursera-based ‖Control of Mobile Robots‖ 
proposed and realized by Georgia Institute of Technology [5] is 
chosen. The focus of this course is on application of modern 
control theory on heterogeneous mobile robots (ground, aerial 
and locomotion robots). It is intention to learn how to design 
mobile robots in order to move in effective, predictive and 
collaborative way. Beside main theoretic learning objective 
(modern control theory), practical work on building of mobile 
robots are given, with inclusion of knowledge and skills from 
areas of microcontrollers, mechatronics, and electronics. In this 
way, at the end of the course, the controllers developed in the 
course can run on an actual mobile robot. The course also 
focuses on implementing the controllers developed in this 
course based on programming environment MATLAB. Hence, 
a MATLAB-based simulator is realized, for research and 
testing control algorithms on a simulated robot or on the 
mobile robot built in this course.  

As a second component of our work, research work 
considers application of control algorithms in areas of multi 
mobile robotic systems. Group of mobile robots show obvious 
advantages over single autonomous vehicle, including greater 
flexibility, adaptability and robustness. Rather new and 
interesting research field in mobile robotics investigates the 
cooperation of several units and, in particular, the possibility of 
obtaining a collaborative behavior by decentralized control 
algorithms. Decentralized control algorithms show definite 
advantages over centralized control algorithms in terms of 
reconfigurability, increase of computing power and decrease of 
inter-robot communications. 

The field of decentralized algorithms can be roughly 
divided into two areas, the first one is swarm robotics, where 
the actions are performed by properly designed behaviors (e.g., 
[6]–[8]). Tuned by a trial-and-error approach, they can provide 
good performance and can be adapted to different robots and 
environments. The other area is characterized by an effort to 
decompose a well-posed control algorithm in parts that can be 
individually run on different robots and provide small 
computing and communication capabilities (e.g., [9] and [10]).  

Formation control is an important field in multi-robot 
coordinated control, which has recently triggered great interest 
of the research community. Approaches in formation control 
can be divided into several categories: behavior based 
approaches, virtual structures methods, leader – follower 
approaches, potential fields and generalized coordinates 
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methods [11]. Leader – follower approach is adopted in this 
paper as main research topic. One of the robots is designated as 
a leader, which is forced to track the given collision free 
trajectory, generated by the high level planner. The followers 
should track the leader, keeping the desired formation shape. 
Desired trajectories of the followers are generated based on the 
trajectory realized by the leader robot. Formation has to be 
dynamic, i.e. it must be able to change its shape, depending on 
environmental conditions and obstacle presence. This approach 
can be easily implemented in practice. Comparing to virtual 
structure methods, leader – follower approach can realize time 
varying formation shape, which is very important property in 
complex environments with narrow passages. Due to 
decentralized control, stability of the formation can be 
guaranteed even when the uncertainties and disturbances are 
significant.  

All previously theoretic control algorithms for guidance, 
navigation and control of single and multi mobile robotic 
systems were applied and tested on relatively inexpensive 
differential drive mobile robot QuickBot [12]. This robot 
possesses powerful BeagleBone microcomputer, Wi-Fi 
network connection, wheel encoders, IR sensors and interface 
with the Matlab Simulator. Important thing is that all individual 
parts can buy online and easily assembled at home. 

II. RELATED OVERVIEW OF EDUCATIONAL ROBOTS 

A wide range of mobile robots are available on the market 
both for educational and research purposes. In the field of 
educational robotics, small platforms are sold by several 
companies. Although these units are characterized as 
inexpensive, they provide a wide set of tools that allow the 
students to get experience with hardware.  

The Scribbler from Parallax is one example: the dimension 
of the robot is 19 x 16 cm, and it mounts dc motors that are 
actuated by a microcontroller. It furnishes a cheap solution 
(below US$200), providing a minimal set of transducers that 
can be easily accessed through a serial interface. Interestingly, 
the provided microcontroller is capable to run concurrent 
programs. Another example is given by the Pololu 3pi: this 
platform is provided with a microcontroller that steers the 
platform up to 0.9 m/s. It also provides a few digital and analog 
lines to exploit external expansions. The LEGO NXT 2.0 
(Fig.1) is a more powerful robot: it provides an ARM7 
processor that is supported by a second microcontroller. It can 
be interfaced with several transducers, in particular, the sonar 
one is able to get distances up to 2.3m. Another peculiarity is 
the possibility to control this platform by Labview and 
MATLAB. 

At the same time, other companies strictly related to 
universities introduced some platforms. The Costbot, 
developed at University of Southern California, Berkeley, is a 
mini-platform built on the sensor network mote MICA from 
Crossbow [13]. This platform is 13 x 6.5 cm, and it basically 
provides motion capabilities to the sensor network node. 

 

 
Fig.1. LEGO MINDSTORMS NXT 2.0 Platform. 

The e-puck, developed at Ecole Polytechnique Federale De 
Lausanne (EPFL) (Fig.2), is controlled by a digital signal 
processor (DSP) that allows for direct control of more 
sophisticated sensors [14]. It also provides expansions that 
extract spatial information related to other agents. This robot is 
particularly suitable for educational purposes: through DSP 
capabilities, the students can also get experience with 
sophisticated real- time signal processing. 

 
Fig.2. EPFL e-puck Platform. 

Although in all the previous examples the platforms show 
limited sensorial and computational capabilities to gather 
information about the surrounding environment, other robots 
exploit more sophisticated and powerful architectures and are 
therefore typically used to conduct research experiments.The 
Khepera III from K-Team (Fig.3) is a popular tool in the 
research community. This platform is small and 12 cm in 
diameter but provides a decent computational power. The 
processor runs at 400 MHz and is equipped with a Linux 
operating system (OS). This robot can be equipped with several 
expansions such as laser scanners or cameras. The traction 
system is controlled by a DSP that provides an inter- face to the 
actuators and basic sensors [infrared (IR), light, and sonar 
devices]. 

The Garcia robot from Acroname, similar to Khepera III, is 
a small robot that can be equipped with laser scanners or other 
sensors with a maximum payload of 2 kg. It also provides an 
arm that can be used to mount devices on top of it. Another 
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popular platform is the iRobot-Create from iRobot. Although 
this robot only provides a traction system and some proximity 
transducers, its reduced cost (under US$200) makes this 
platform a good base for more performing robots. In fact, it can 
carry a payload of about 2 kg, and, consequently, it can be 
equipped even with a small laptop. Upon this principle, 
recently, the ROS Turtle-Bot (Fig.4) from Willow-Garage and 
Billibot (www.billibot.com) have been built. The former is 
constituted by an iRobot Create equipped with a netbook and 
Kinect sensor. The latter is provided with the Kinect as well, 
but it has a more powerful processing unit and accommodates a 
small gripper. Both of them mount the robot OS (ROS) and can 
be run directly onboard the robot. 

 

 
 

Fig.3.  Khepera III K-Team Platform. 

 
Fig.4. Ros Turtle-Bot Platform. 

Generally we can say that all previous platforms show 
several compromises between performances and costs. 

III. QUICKBOT ROBOTIC PLATFORM 

A. QuickBot Hardware Component 

The hardware component consists of building a two wheel 
differential drive mobile robot called the QuickBot[12] (Fig.5). 
The QuickBot has a wheel encoder on each wheel to measure 
wheel rotations and five infrared (IR) distance sensors 
(proximity sensor) to measure the distance of obstacles to the 
robot. The processing on the QuickBot is performed by a 

BeagleBone Black (BBB) microcomputer. Wifi on board is 
used to connect the QuickBot with the Matlab simulator 
Sim.I.am, which allows for easy testing of programs in 
simulation and running of programs on the real robot. The 
QuickBot is powered by 8 AA batteries. In addition to the 
building of the QuickBot, the BBB is used to introduce simple 
physical computing concepts. These include reading and 
writing both digital and analog values with the BBB. Also, 
communicating with the BBB using varies serial 
communication protocols (e.g. UART, I2C, SPI).  

 
 

Fig.5. IMP QuickBot Platform. 

Differential Wheel Drive 
Since the QuickBot has a differential wheel drive, it has to 

be controlled by specifying the angular velocities of the right 
and left wheel (vl, vr). The angular wheel velocity for the 
QuickBot is limited to about 8.37 rad/s. It is important to note 
that if the QuickBot is controlled at maximum linear velocity, it 
is not possible to achieve any angular velocity, because the 
angular velocity of the wheel will have been maximized. 
Therefore, there exists a tradeoff between the linear and 
angular velocity of the QuickBot: the faster the robot should 
turn, the slower it has to move forward. 

Wheel Encoders 
Each of the wheels is outfitted with a wheel encoder that 

increments or decrements a tick counter depending on whether 
the wheel is moving forward or backwards, respectively. 
Wheel encoders may be used to infer the relative pose of the 
robot. This inference is called odometry. The relevant 
information needed for odometry is the radius of the wheel, the 
distance between the wheels, and the number of ticks per 
revolution of the wheel.  

IR Range Sensors 
The orientation of 5 IR sensors (relative to the body of the 

QuickBot), is 90°, 45°, 0°, -45° and -90° degrees, respectively. 
IR range sensors are effective in the range 4 cm to 30 cm only. 
However, the IR sensors return raw values in the range of [0.4, 
2.75]V instead of the measured distances. To complicate 
matters slightly, the BeagleBone Black digitizes the analog 
output voltage using a voltage divider and a 12-bit, 1.8V 
analog-to-digital converter.To use the sensor readings, you will 
have to convert them to actual distances. For that you need to 
convert from the ADC output to an analog output voltage, and 

http://en.wikipedia.org/wiki/Differential_wheeled_robot
http://en.wikipedia.org/wiki/Rotary_encoder
http://en.wikipedia.org/wiki/Proximity_sensor
http://beagleboard.org/products/beaglebone%20black
http://en.wikipedia.org/wiki/Microcomputer
http://en.wikipedia.org/wiki/Serial_communication
http://en.wikipedia.org/wiki/Serial_communication
http://en.wikipedia.org/wiki/Universal_asynchronous_receiver/transmitter
http://en.wikipedia.org/wiki/I2c
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface_Bus
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then from the analog output voltage to a distance in meters. 
Converting from the analog output voltage to a distance is a 
little bit more complicated, because a) the relationship between 
analog output voltage and distance is not linear, and b) the 
look-up table provides a coarse sample of points.It is possible 
to use any way you like to convert between sensor readings and 
distances. For example you can fit the provided points with a 
high-degree polynomial and use this fit.It is important to note 
that the IR proximity sensor on the actual QuickBot will be 
influenced by ambient lighting and other sources of 
interference. For example, under different ambient lighting 
conditions, the same analog output voltage may correspond to 
different distances of an object from the IR proximity sensor. 
The effect of ambient lighting (and other sources of noise) are 
not modelled in the simulator, but will be apparent on the 
actual hardware.  

BeagleBone Black board 
BeagleBone Black is a low-cost, community-supported 

development platform for developers and hobbyists. Main 
characteristics of BBB are: 

Processor: AM335x 1GHz ARM® Cortex-A8 

 512MB DDR3 RAM 

 4GB 8-bit eMMC on-board flash storage 

 3D graphics accelerator 

 NEON floating-point accelerator 

 2x PRU 32-bit microcontrollers 

Connectivity 

 USB client for power & communications 

 USB host 

 Ethernet 

 HDMI 

 2x 46 pin headers 

Software Compatibility 

 Debian 

 Android 

 Ubuntu 

 Cloud9 IDE on Node.js w/ BoneScript library 

 

Fig.6. Beagle Bone Black Board. 

B. Simulator Software Component for Coursera course 

‗Control of mobile robots‘  

Simulator software includes programming exercises that 
involve programming in Python. The exercises includes: 1) 
Understanding the robot - to process the information from the 
robot; 2) Transformation from unicycle to differential drive 
dynamics - to convert from unicycle dynamics to differential 
drive dynamics (left and right angular wheel speeds); 3) 
Odometry- such that as the robot moves around, its pose is 
estimated based on how far each of the wheels have turned; 4) 
Implementing the PID controller - implementing the different 
parts of a PID regulator that steers the robot successfully to 
some goal location. This is known as the go-to-goal behavior; 
5) Ensuring the right angular velocity- to tackle the first of 
two limitations of the motors on the QuickBot. The first 
limitation is that the robot‘s motors have a maximum angular 
velocity, and the second limitation is that the motors stall at 
low speeds. 6) Avoiding obstacles – to generateAvoid 
Obstacles by implementing the different parts of a controller 
that steers the robot successfully away from obstacles to avoid 
a collision. This is known as the avoid-obstacles behavior 
(Fig.7); 7) Mixing behaviours – mixing go-to-goal and avoid-
obstacle controllers and testing two arbitration mechanisms: 
blending and hard switches. Arbitration between the two 
controllers will allow the robot to drive to a goal, while not 
colliding with any obstacles on the way; 8) Following walls – 
To realize wall following behavior (whether the obstacle on 
the left or right is followed). 

This simulation software with generated controllers can be 
efficiently used for controlling the real QuickBot to make it full 
autonomous. The angular velocity of the wheels is defined by 
the pulse-width-modulated signal (PWM) that the BeagleBone 
board is sending to the motors. This dependence is not known 
apriori, as it depends on the motors, the wheels and the surface. 
To be able to control your robot reliably, you have to measure 
this dependence and put into code. On this way, it is possible 
by combining the go-to-goal, avoid-obstacles, and follow-wall 
controllers into a full navigation system for the robot. The 
robot will be able to navigate around a cluttered, complex 
environment without colliding with any obstacles and reaching 
the goal location successfully. 

http://www.ti.com/product/am3358
http://en.wikipedia.org/wiki/Pulse-width_modulation


74 

 
 

Fig.7. The Quickbot Avoid Obstacle Behaviour. 

 

IV. QUICKBOT AS PLAFORM FOR FORMATION CONTROL OF 

MULTI ROBOT SYSTEMS 

Formation control is an important field in multi-robot 
coordinated control, which has recently triggered great interest 
of the research community. Group of mobile robots show 
obvious advantages over single autonomous vehicle, including 
greater flexibility, adaptability and robustness.  

Approaches in formation control can be divided into 
several categories: behaviour based approaches, virtual 
structures methods, leader – follower approaches, potential 
fields and generalized coordinates methods. In leader – 
follower approaches, one of the robots in formation is 
designated as a leader, while the others are designated as 
followers and they are forced to track the leader, maintaining a 
specified geometric arrangement [11]. Desired trajectories of 
the followers are generated based on the trajectory realized by 
the leader robot. In order to obtain smooth trajectories, 
approach based on curvilinear coordinates is utilized. 
Formation has to be dynamic, i.e. it must be able to change its 
shape, depending on environmental conditions and obstacle 
presence. This approach can be easily implemented in 
practice. Due to decentralized control, stability of the 
formation can be guaranteed even when the uncertainties and 
disturbances are significant. Consequently, this method is 
more suitable for practical applications than generalized 
coordinates. 

In the initial step, desired trajectories of the followers are 
generated, based on trajectory realized by the leader robot. 
Control system of each follower has the following controllers: 
trajectory tracking (TTC), obstacle avoiding (OAC), vehicle 
avoiding (VAC) and combined controller (CC). Each controller 
has a different function. TTC must provide tracking of the 
reference trajectory, OAC and VAC become active when the 
robot comes close enough to the object of the environment 
(obstacle or another vehicle), while the CC has to made 
concession between individual control actions, depending on 
current situation in the environment. That means that every 
individual controller generates its own control action, while the 
CC combines them, depending on situatuion in the 
environment, into single control. Control system of the leader 
does not take care of the followers, i.e. it does not have VAC 
part. TTC is nonlinear proportional-integral (PI) controller, 
because controllers of this type are widely used in industrial 

practice. OAC and VAC are fuzzy logic based controllers 
(FLCs). 

Proposed solution to formation control in environment with 
known and static obstacles is tested (Fig.8). Although scenario 
with circular obstacles is adopted, proposed solution can be 
applied in scenario with arbitrarily shaped obstacles. It is 
assumed that high level planner is available, which provides 
reference trajectory for the leader robot. Trajectories of the 
followers are generated based on trajectory realized by the 
leader robot. 

 
Fig. 8. Two-dimensional view of robots‘ motion. 

 

V. CONCLUSIONS 

In this work, a new small mobile platform has been 
presented. The main characteristics of the robot are its low cost 
and flexibility. The latter one has been demonstrated through 
both hardware and software architectures that easily adapt to 
different contexts in single and multi robotic case. Whenever 
sophisticated algorithms have to be executed, high-level tools 
can be interfaced with the software running onboard the robot. 
In fact, the OS installed on the platforms provides all the 
needed tools to integrate QUICKBOT with a wide range of 
systems. At the same time, it provides a large set of drivers to 
be used with several peripherals.The platform has been 
designed to be used in indoor environments and the 
computational burden results are good for such kind of 
platforms. At the same time, the small dimensions and 
resources of QUICKBOT hinder the usage of power-
consuming sensors and processors, especially for long-lasting 
experiments. 
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