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Abstract: Florida Gulf Coast University, College of Enginieer
has developed over recent years a sophisticate@rgnadiuate
software engineering lab for use in embedded systemd related
team project courses. A number of teaching modbkese been
developed, with emphasis on security, complex systeand web-
based access. The objective of the current pragetd focus on
developing a lab specific to robotics applicatiomsith online
access, which can be used across the undergradusieula,
especially in software engineering courses. Qngatin Online
Robotics Lab takes advantage of the existing egeipnsoftware
and curricular modules to expand them for broadsy, and help
develop a more advanced full-scale operation acrtss
curriculum. Developing such a lab will have an auop on
advancing teaching in disciplines such as Scienteshnology,
Engineering and Math (STEM).

Keywords: Online labs, robotics labs, STEM curriculum,
software engineering education.

1. INTRODUCTION AND BACKGROUND

teaching large-scale system development, with esiplan
software-intensive projects.

Christensen developed and taught a course on Seftwa
Engineering in Robotics [8], with a basic objectite
introduce students to the fundamental issues dfwaoé
engineering and how it applies to robotics. The veafe
engineering part of the course covers the desigalysis
and synthesis of systems for real-world operatiaith
presentation of some basic methods of softwareneeging,
their application in robotics and the use of statéhe-art
software systems to implement these methods.

In contrast to the use of software engineeringqipies
in robotics courses, described above, Gdbel atpbrt on
using robotics in the software engineering progrg@h
Their initial idea of using rather simplistic Lego mdistorms
robots soon had to be expanded to a simulatiorr@mvient,
since the student population got more interestedhmm
subject matter and more sophisticated, requiringstale
development and testing. The major observatiom fthis
project is that keeping focus on software, duartwktions,
will let the students learn the algorithmic partrobotics, as

Robotics has become a major application and relseaig, s to dealing with the robot mechanics anctreleics.

area in technology in the 21st century. Robotittelogies

are being used in automation in almost every aspieour

lives, from automatic doors to assembly lines tacsp
missions.  Correspondingly, robotics education Iso a
advancing, both in the U.S. [1] and worldwide [2].

Following this trend, robotic labs have not onlyehe
used in engineering education but in other disegdj across
the curricula. Beginning as early as 1999 [3]orephave
appeared on using robotics in teaching science sesur
With the growing popularity of robotic devices iergral,
this has been made a trend in education, includimme
specific disciplines, such as computer sciencegdieading
the ideas across the curriculum [5], with most negapers
reporting on deeper involvement of robotics acrbssad
range of sciences [6].

However, in software engineering education, theneeh
been only a few attempts of merging robotics arftiveoe
engineering courses. Most notably, Roy et al. nteploon
their experiences of teaching software development
robotics project course [7]. They described a culiim for

a two-semester course sequence in hardware—softwg;aanized as follows

development, involving a full development cycle fan
autonomous mobile robot. They share their insigiis

The same observation has been independently coifibye
the current authors [10].

In this view, the objective of the current worktigo-
fold: first, to initiate a long-term project on miporating
robotics into software engineering curriculum, a®tond,
being consistent with the evolution of the software
engineering program at FGCU, involving online |§bE], to
offer web-access to the robotic devices in theiculum. It
must be noticed that the second objective is muclader
than in traditional online labs. It involves mattean just
remote access to control robotic devices, whereestis
explore the opportunity to use robots remotely. ftvare
engineering labs must bevasive that is, the students have
to be able to not only operate the devices remotely
conduct experiments, but also develop and testvaodt
remotely using these devices. This requirement is a
significant game changer for online labs.

The objective of this paper is to present our ihitia
experiences of designing an online robotics lalu® in the
software engineering program. The rest of the paper
Section 2 presents the tlhgsc of
the lab, which is followed by the lab descriptionSection 3
and conclusion in Section 4.



2. PROJECT OBJECTIVES

2.1. Lab Background

Software Engineering and Robotics Lab developed
FGCU serves the purpose of supporting higher lesaftses
in the curriculum by hands-on exercises offeringdsnts
practical experience in software development fobedded
real-time systems. With the ubiquitous use of theerhet
and gradual expansion of the program towards offeri
courses via the web, a need arose to develop dalise

Online engineering labs are relatively advanced an

used worldwide [12], but the difficulty with onlineoftware
engineering labs is that they must offer the sttglant only
an opportunity to do remote experiments, just likeother
science and engineering disciplines, but also anmda
allow the modification of software running on a m@m
device. Software engineering labs must allow tivelents
remotely modify, debug and update the softwarerodimg
the operation of a device. This is an essentialirement
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Fig. 1. Architectural components of a remote lab

Two remaining issues include the setup of servers,
separated into a lab server, providing accessaalévices,
and web server, interfacing the lab to the extemaild.
Finally, developing client software to access tkeicks has
to be also taken into consideration, to cover alevheoray of

for such labs. Such lab has been developed and is dients, from mobile phones to desktops.

relatively uninterrupted operation since 2009 [43,1

There are multiple issues with the development argl LAB DESCRIPTION

operation of these labs, which can be categoriatxithree
groups: pedagogical, technical and administrativasl of
them, especially the pedagogy, the most importemig of
issues from the perspective of the learning praszdsave
been described previously [11]. The current pageiresses
only technical issues related to the robotics phittie lab.

2.2. Robotics Lab Technical Objectives

Online robotic labs in a software engineering paogr
should allow the students to remotely develop sarfisnfor
robotic devices, using Internet access for progrgioad
and testing. A generic architecture of such lgrésented in
Fig. 1. There are several technical issues, whedtd to be
addressed for proper lab development and implerienta

First, and most importantly, proper Internet prolsc
need to be addressed for secure software, comnmzhdata
transfers between the clients and the servers.t, Kasotic
devices equipped with software managing
protocols need to be selected, for proper lab tipera
Another important and decisive issue related thecsen of
robotic devices is their suitability with respeattedagogy.

3.1. Overview

Currently, there are around a dozen types of roboti
devices acquired for the lab, from the simplest Lego
Mindstorms NXT and EV3 to the sophisticated humanoid
NAO robot and VEX and CoroWare vehicles. Keeping t
diversity of robotic devices was one of the goalstheir
acquisition, to offer the students a broad rangepmtion in
using different technologies and learning relatefiwsare
development practices, at different levels of ssiitation.

The list of available devices and their parameters i
presented in Table 1. From the robotics perspectiMaots
can be described using a number of parameters, auch
degrees-of-freedom of a robotic arm, etc. From the
programming or software engineering perspectiveyever,
what is important are computer related charactesissuch
as the processor type, hardware interfaces, opgragistems

respectivghd programming languages available. Therefore, ih@lse

characteristics are included in the table, whicbwsh the
hardware features, software related features atsidendors
of each device.

Table 1. List of robotic devices in the lab

Robotic Device CPU Interfaces Sensors oS Language roeocols

CoroWare CoroBét | Atom x86 WiFi Kinect, mic Windows 7 C# http

VEX Clawbot ARM Cortex M3 | usb, serial, gyro, IR tilt, none Java, C, C++| ssh, telnet, rtsp
VEXnet ultrasd

NAO Humanoid Atom x86 ush, WiFi, sonar, camera,| Gentoo C++, Python http, ssh, NAOgqi
Ethernet mic ++ Linux

Anybots QB Robdt Intel Core 2 Duo WiFi camera, mic, | Free BSD C/C++ http

distance

AL5D Robotic Arn? | ARM Cortex A8 ush, WiFi, camera, gyro, | Arch Linux Javascript http. ssh, tcp, ud
Ethernet, serial | flex

Lego Mindstorms" Atmel (NXT) Both have: usb, | touch, color, none G native, C, | http, tcp, udp

NXT and EV3 TI ARM (EV3) WiFi, Bluetooth | gyro, IR RFID Java

Parallax Boe Bdt ATmega 328 Risq usb, gpio, laser distance none C Bluetooth
bluetooth

Hoverfly Coptef ARM Cortex A8 usb, WiFi, gpio,| GPS & Debian Python, http, ssh

(one of 2 cpu’s) Ethernet, hdmi, | distance Linux Bonescrpt

Vendors: 4. Aots; https://www.anybots.com

1. CoroWare; http://robotics.coroware.com/corotmitets 5. LynxMotion; http://www.lynxmotiazom/

2. VEX Robotics; http://www.vexrobotics.com/vex 6Lego; http://mindstorms.lego.com/

3. Aldebaran Robotics; http://www.aldebaran-robmttom 7. Parallax; http://www.parallax.com/
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Based on the device characteristics, the developofen
network connectivity for each robot has been acdisimgd
as a project in a senior software engineering clé&sident
teams were assigned development tasks with futiveoé
engineering lifecycle, including requirements sfieation,
design, implementation and testing. The next sulmsec
describes some of these projects and their results.

3.2. Projects with Network Access

The essential component of each team project is
make a specific robotic device accessible overltibernet
for programming. Selected projects are preserngmib

CoroWare and VEX Robotic Vehicles. Both projects
aim at making the wheeled robotic vehicle fully tollable
over the Internet, with a capability to develop anddify
the control software remotely. In the CoroWarejgut the
server application runs on the CoroBot onboard aderp
which communicates with the Kinect sensor mountedop
of the vehicle, along with the robotic arm (Fig- 2)
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Fig. 3. Interaction of the client and NAO robotsar

The user interacts with the client side web browser,

which sends and receives data to and from the GiroB

While our version of the NAO robot does not move t

robot. These data are networked via the HTTP and chglybots QB robot's main feature, in addition toies and

protocols from the client to the CoroBot serverd aan
represent a range of values including login infdiomg
commands, and C# source files.
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Fig. 2. CoroWare CoroBot with Kinect and Internetess

speech, is movement. Due to vendor’s restrictiooisot's
internal software cannot be changed or replacedthso
project relies on developing Android applicationdperate
the robot remotely via vendor’s server access.

Other Robots. Limited space does not allow for
presentation of other projects listed in Table WLf the
principle remains the same: providing web accesshotic
devices, not only for control but also for remotdtware
development and testing. Certainly, each deviceitssown
peculiarities and poses some hurdles in reachisgytal.

For example, Lego Mindstorms devices are not
designed for web access, which causes certain
implementation problems. In addition, networking tBoe
Bot robot equipped with Arduino board is difficudue to
Arduino’s limited capabilities. Finally, networlgn
LynxMotion device had to be redesigned from Windows
Embedded to Linux, due to better stability of Linuttsare
releases. All these problems are very interestiognfa
learning perspective and add to the attractivertdsthe
project courses, letting students apply problenvisgland
critical thinking to produce unique designs.

The VEX robotic vehicle follows the same principle of3-3. Project Status

operation. The user can open the website in a leroarsd
logon securely to the server, which then providesess to
the control panel. From there the user can manuwalhtrol
the vehicle, as well as upload and update newlygded
code. The user can also watch the behavior of ¢évece via
live video stream embedded within the web accesslp@o
develop software, the student must understand filkeation
of network, including HTTP, TCP and RTSP protocols.

The initial objective of this work, offer web acceass
the robotic devices in the software engineeringiculum,
has been partially achieved. Eight web-access igshot
projects have been initiated and online accessath ef
these devices has been provided on an experimeasis.
This completes the development phase. The nextisteEp
actually use the robots, planned for two coursethénFall
2014 semester: CNT 4104 Software Project in Computer

Humanoid Robots. The humanoid projects aim at theNetworks and CEN 4065 Software Architecture and gresi

same goals as the remote vehicle projects, descabeve.
The NAO project includes live video stream fed te thient
by the robot. Underlying is the communication betwéehe
client and the robot, with the client making catishe robot
and the robot returning data through a network eotion.

A detailed diagram of the client/server interactiotith
API function calls, is shown in Fig. 3. Softwarevdpment
and update is simpler in this case, because an@&Hcol
can be used to connect to the NAO’s onboard compute
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There are certainly multiple technical problems that
have not been adequately addressed, yet. Onecsucial
issue in invasive labs like this one, is the po&rhat an
experiment may override the system software ancdh eve
cause damage to the robot. Another non-trivialidsss
whether after a safe but unsuccessful experimentahotic
device would return to a known state to be readytfe next
experiment? Answers to these questions need to be
addressed in the next stage of development ofthe |
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4. CONCLUSION 3.

Software engineering education for the modern world
requires students to do lab work that would letrttecquire 4.
skills, which are meaningful in the job market. the age of
the Internet, when courses and labs are more ane likely
to be offered online, it is essential to build leddories that
follow this trend. In this project, a number ofbatic 5.
devices have been connected to the Internet, witlgbal to
use them in the software engineering curriculum.

In addition to significant technical problems, suzh 6.
protecting the robot hardware and system softwapen f
unintentional use, ensuring uninterrupted netward port
access, projects like this face multiple organorsl 7.
challenges, among them: faculty motivation andntraj,
equipment maintenance and fees, tuition paymert, lain
sustainability. To resolve all of them a more coefygnsive 8.
approach is needed involving college administration

The next immediate step in the project is to offer a
software engineering course that will incorporatesl with
Internet access and use these robotic devicesoftwase 9.
development. A longer term goal is to developw level
robotics course accessible to students in any iirefcience,
Technology, Engineering and Math (STEM), and to previd

online access to use the robots for pursuing lajepts 10.

specific to these fields [15]. The implementatidrihis goal
would require broadening the scope of the projext t
interdisciplinary collaborations.

11.
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ZDALNE LABORATORIA ROBOTYKI W ZAJ ECIACH IN ZYNIERI OPROGRAMOWANIA

W ciagu ostatnich kilku lat, na Wydziale Aynierii Florida Gulf Coast University, powstato baop zioone
laboratorium igynierii oprogramowania przenaczone dcgza systeméw wbudowanych i innych kurséw uwggliajpcych

projekty zespotowe.

Opracowane zostaly odpowiedn@duly nauczania, na tematy zwane z bezpiecastwem,

systemami ztoonymi, i dos¢pem przez Internet. Celem obecnego projektu jesbrzenie laboratorium specyficznego dla
potrzeb robotyki, z dogbem przez Internet, ktére e wykorzystywéd w innych dziedzinach, a wszczeg&oow

inzynierii oprogramowania.

Proces tworzenia laboiatoropiera si na istniegcych urazdzeniach, oprogramowaniu i

modutach nauczania, z roszerzeniem ich w kierunstasowania w kursach z innych dziedzin, pozaynieria.
Laboratorium takie ¢dzie miato wplyw na posp w nauczaniu w takich dyscyplinach, jak nagkiste, technologia,

inzynieria i matematyka.

W artykule opisano proogerzenia i uycia modutdw z wykorzystaniemsimiu urzdzei-

robotéw, pocgwszy od prostych robotéw Lego, do skomplikowanyofapdéw sterowanych zdalnie przez Internet.

Stowa kluczowe:zdalne laboratoria, laboratoria robotyki, nauceaniynierii oprogramowania.
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