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Abstract—The Information and Communication Technolo-
gies provide economically feasible and effective means to
assist individuals with Kkinetic disabilities in numerous ac-
tivities concerning educational purposes. As the technology
is increasingly used in everyday environments, an early re-
sponse of the existing methods to teach the Physical Sciences
to individuals with kinetic disabilities is our innovative sys-
tem. The work presented in this article is part of the “Smart
and Adaptable Information System for Supporting Physics
Experiments in a Robotic Laboratory” (SAIS-PEaRL) re-
search project.

Index Terms—experiments in Physics, Information and
Communication Technologies, kinetic disabilities, robotic
laboratory

1. INTRODUCTION

A.  Individuals with disabilities

Special needs [1] is a term used to describe individuals
who require assistance for disabilities that may be medi-
cal, mental or psychological. Nowadays there are over 750
million individuals of this category worldwide. Through-
out history, these individuals have encountered many bar-
riers that have mainly been aroused by the society atti-
tudes. Poor or no education, lack of employment, com-
plete disregard for their needs by the community and
stereotypes such as harmful characterizations were promi-
nent in the society. All the students, without any discrimi-
nation, ought to have the same education and training op-
portunities. As far as individuals with kinetic disabilities
are concerned, technology helps to overcome some barri-
ers in education, as it offers alternative ways of communi-
cation and interaction with the environment.

B.  The Information and Communication Technologies

The Information and Communication Technologies
(ICTs) [2] have signaled major improvements in educa-
tion, employment and everyday life. Undoubtedly they are
an exceptional and inextricable tool of modern educational
systems worldwide. The main aim of the ICTs in educa-
tion is to familiarize students with the use of technological
equipment such as computers, communication mecha-
nisms, controlling devices, etc. Via the modern educa-
tional technologies each student with kinetic disabilities
can easily approach knowledge.

The pedagogic role of ICTs can be defined for all stu-
dents in five levels:

e Training the students in the ICTs as a discrete educa-
tional module,

e Using the ICTs as a means to collect information of
any form, as a means to communicate with individu-
als or environments that formerly had been impossi-
ble,

o Exploiting the ICTs as an interactive and supervisor
means for the goals of the tuition,

o Using the ICTs as a method to broaden knowledge,
o Using the ICTs for entertainment and relaxation.

C. The Physical Sciences

Physics is a natural science that studies the matter and
its motion through space-time and all that derives from
these, such as energy and force. More broadly, it is the
general analysis of nature, conducted in order to under-
stand how the world and universe behave.

Physics is a fundamental science due to the fact that
many other sciences (biology, geology, chemistry, medi-
cine etc) are based on the laws and concepts of physics.
Physical laws and concepts can advance new technologies
that make the every day life easier, such as electromagnet-
ism (television, computer, domestic appliances), but can
also provide technical means for any concern (motorized
transport, heavy industry’s mechanisms, calculus, research
in astronomy, etc).

The key to completely comprehend the physical laws
and concepts is the experiment. Real world phenomena
can be investigated by real world experiments as the most
effective way to investigate the relations among some
variables or test a hypothesis is to perform an experiment.
Such experiments are considered fundamental for today’s
way of life and thinking, as Galileo Galilei’s experiment:
He used rolling balls to disprove the Aristotelian theory of
motion (1602 - 1607), Guglielmo Marconi demonstrated
that radio signals can travel between two points separated
by an obstacle (1895), the Big Bang Experiment (Large
Hadron Collider) which was intended to recreate the con-
ditions a few moments after the Big Bang (2008) [3].

D. The experiment as a teaching method

Undoubtedly in order to stimulate the students’ interest
in the learning subject, the teacher ought to draw the stu-
dents’ attention and excite their will for knowledge. The
most effective and interesting educational method for this
purpose is the experiment. The experiment underlies a
valuable and powerful method to develop and evaluate
teaching and learning sequences. The students approach
knowledge by setting the experiment components, per-
forming the experiment and observing the reliable results.
Many schools have equipped laboratories where students
can participate in the experiment performance, even in
cases of individuals with kinetic disabilities.
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E.  Experiments for students with kinetic disabilities

The first and most important phase of the experimental
procedure is its preparation. Afterwards, the student must
initialize the experiment and observe the results. Finally,
the experimental area must be cleared in order for the stu-
dents to prepare for the next experiment. However, in or-
der to have reliable results for observation, the students
must setup all the necessary components correctly and
with precision. In cases of individuals with kinetic dis-
abilities this process proves to be difficult to achieve, as
time and accuracy play a determinant role in the experi-
ment results. The time is limited during a learning session
and different settings of the components may lead to dif-
ferent and unreliable results.

A valuable solution can be provided by an ICT system
that can identify and set all the components in place, per-
form the experiment and provide statistical data of the
results if requested.

F.  Assistive technologies for individuals with kinetic

disabilities

The term Assistive Technology (AT) [4] includes any
device, mechanism or complete system which is used to
increase, preserve or improve certain functionalities of
individuals with disabilities. AT promotes independence
by enabling people with disabilities to perform tasks that
they were formerly unable to accomplish, or had great
difficulty in accomplishing them. Many assistive technol-
ogy products have been designed in order to assist indi-
viduals with kinetic disabilities such as:

e Robotic mechanisms (robotic arms)
o Special interfaces (joysticks, touch pads)

e Accessible computer inputs (ergonomic keyboards,
keyboards with big keys, foot operated mouse, track-
balls, touch screens)

e Assistive software with input devices (keyboard
shortcuts, sticky keys, software for customization of
pointer appearance)

II.  RELATED PROJECTS AND RESEARCH

In this session we present some robotic systems that
have been designed for experiment performance execution
and introduce interesting techniques. At first there is
Adam [5], the robot scientist: a computer system that
automates the hypothetico- deductive method and the re-
cording of experiments in sufficient detail to enable repro-
ducibility. Adam’s hypotheses have been proved correct
and novel by the researchers who used separate manual
experiments to test and confirm them.

Another system that performs experiments for educa-
tional purposes is the ARALEV project (Autonomous
Robotic Arm with Laser Enhanced Vision) [6]: this pro-
ject uses a robotic arm, vision, and a logical language
which is based on three principles: “FIND”, “TRACK”
and “FETCH”, implemented in Java.

Internet-Based Robotics and Mechatronics Experiments
for Remote Laboratory Development [7] describes a series
of laboratory experiments in internet-based robotics and
mechatronics plus the design, development and evaluation
of an internet-based laboratory facility. This project uses
robots, webcams, sensors, a data acquisition system and
software applications. The experiment execution can be
performed remotely through the World Wide Web.
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Similar to the above mentioned system is the robotic
system called the robot turtle Robotnacka [8]. It provides a
platform for the students for various experiments and it is
supported by collateral software packages, in order to
serve the educational needs of every student. Additionally
it includes a set of student exercises along with the match-
ing explanations.

An innovative platform that uses a low cost robotic ve-
hicle was designed for both research and education pur-
poses, considering minimum cost [9]. The vehicle, Rogue
Blue, suitably modified and accompanied by the proper
software was used to perform most of the common re-
search applications and educational tasks.

As far as the learning subject is Physics a laboratory
work has been developed in order to achieve this knowl-
edge using a teaching robot arm for mechanics and elec-
tronic circuits [10]. Through experiment performance, this
system combines the mechanical arrangement with an
electronic control circuit and it models an instructional
tool in the physics laboratory to teach the law of mechan-
ics and basic electronics for both teacher and students.

Apparently none of the above systems focuses on teach-
ing the Physics concepts and laws. Moreover these sys-
tems are not accessible to individuals with kinetic disabili-
ties. The systems in their majority are difficult to be used
by individuals with kinetic disabilities and require time
and effort on behalf of both teachers and students.

III.  SYSTEM ARCHITECTURE AND OPERATION

There were many challenges in order to design a com-
plete robotic system that would teach Physics to individu-
als with kinetic disabilities. The ICT system that we de-
signed is estimated to overcome any minor problem that
may occur. The first phase of the project is the calibration
of the controlling devices that compose the system. Dur-
ing the second phase, the student operates the robotic arm
in order to perform an experiment. A High-Level ROBOT
Language is introduced to assist the students with experi-
ment description and performance. The third phase con-
cerns the possibility of performing an experiment re-
motely via the World Wide Web. This aspect of the im-
plemented system concerns not only students with kinetic
disabilities but also every student who needs access to a
robotic laboratory in order to perform experiments from a
distance. The last phase involves all the necessary equip-
ment used throughout the experiment performance in or-
der to observe in detail the step-by-step process and the
recording of its results.

A. Automating the preparation of robotic arm
controlling

Prior to experiment performance and whenever a stu-
dent intends to use some special interface in order to oper-
ate a robotic arm, the interface/robotic arm calibration
must be settled. A different individual with kinetic dis-
abilities needs a new calibration due to the differences in
the type of the kinetic disabilities that may have. When-
ever many students need to use the robotic arm, many
calibrations must be done and this leads to major time loss
since calibration can be extremely time consuming.

Such a problem can be dealt with by establishing a da-
tabase that will store all the necessary data, along with the
controlling devices adjustments for each user that were
produced during the calibration phase and organizes this
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information in profiles. As a result, the user will not have
to calibrate the controlling device every time he/she needs
to operate it, but can easily retrieve all the necessary ad-
justments from the profiles database and the calibration
phase can be skipped.

The main components of the system:

1. The Robot Control Station: responsible to collect
every user calibration data and stores that data in a
database, creating the users’ profiles. If the user is al-
ready registered the RCS retrieves all the necessary
data in order to complete the user’s calibration.
Through some very simple forms the RCS manages
the database providing some functionalities such as
update, delete, create. It is the middleware that re-
ceives movement signals from the special interfaces
and translates them to robotic commands in order to
properly control it. It also maintains static data for
further analysis.

2. Robotic arm: There is a wide variety of robotic arms
in the market. Robotic arms have features that allow
movements with precision and can be easily con-
trolled by a user via a great range of controlling de-
vices. They are flexible; they can be adjusted so they
are considered as an exceptional tool for experiment
performance even in cases of individuals with kinetic
disabilities.

3. The Profiles Database: profiles may contain both the
calibration data and additional information about the
users’ preferences. That information may have some
educational value since we will be able to extract
valuable conclusions. For example, we may conclude
that a specific type of interfaces is more appropriate
for a specific user with a specific type of kinetics dis-
abilities or that the interface is easier to support users
without any experience with the system but after a
short term of educational process regarding the use of
the system a different interface is more efficient.

4. Special Interfaces: these are the controlling devices,
touch pads, joysticks, etc. For example for a user that
can move his arm a more appropriate solution is a
joystick, or for a user that can move his fingers a bet-
ter solution is a touch pad.

5. Assistive Proper Software: Software designed ac-
cording to the needs of the students and the require-
ments of the system.

6. Ethernet Switch: The connections of the system are
established over an Ethernet Local Area Network in
order to achieve sufficient data transfers and low-
time (almost real-time) responses.

The system architecture is designed as depicted in

Fig 1.

B.  Automating the preparation for experiment
performance

An innovative ICT system that automates the process of
preparation has been designed in order to prevent from
time loss and lack of accuracy in the experiment perform-
ance. The main components of the system are the follow-
ing:

1. The robotic arm

2. The items’ RFIDs database

3. The Scripts database

4. Accompanied Proper Software running on the RCS

5. Components and system functionality for calibration

In order to depict the functionality of the system
(Fig. 2) we should firstly describe the laboratory’s domain
and its features:

1. The robotic arm is placed on a rectangular desk and
cannot be moved.

2. The desk has a repository which contains objects
necessary for the experiment performance and a
mapped area which is where the experiments take
place.

3. All objects have RFIDs on them.

4. The robotic arm has a RFID reader that can identify
the items in a few centimeters range.

5. The objects that are used in the experiments are small
and light-weighted.

At first, the tutor counseled by the appropriate software
describes the experiment. The description, the source code
and the title of the experiment is saved in the experiment
scripts database and can be easily recovered when needed.
The RFIDs database contains all the RFIDs of the items
along with a short description. The robotic arm is con-
nected to the Robotic Control System through a robot con-
trol interface.

Profiles Database

Ethernet Switch

Robot Control
Station

5_

Special
Interfaces

»_

4

- P
AN ui
&9

Robotic Arm

Figure 1. The Robot Control Station (RCS)
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RFIDs
Database

Robot Control

Station Robotic Arm

Scripts
Database

Figure 2. Architecture for the experiment preparation

The Robot Control Station reads a script - this could be
a new script or a stored one that has been retrieved from
the Experiment Scripts Database - and instructs the ro-
botic arm to place the items that are needed for the ex-
periment in the right positions. When the preparation is
completed the student decides whether to perform the ex-
periment himself/herself (manual use of the robotic arm)
or to automatically begin the performance by the Robot
Control Station.

Apart from the controlling devices, a robot can be pro-
grammed to perform a specific task or even a series of
tasks. Due to the complexity of the modern robotic lan-
guages a new high level programming language has been
designed which makes it easy to describe Physics experi-
ments for robots in a laboratory. Each student is enabled
to operate the basic robotic arm functionalities according
to the degrees of freedom of the specific robotic arm.

The instruction set that constitutes the logical language
is described in detail:

DEFINE(area) Prior to starting an experiment, the
whole laboratory domain needs to be scanned in order to
find where the location of the specific area that is used as
an argument in the command is. For example, with the
following command:

DEFINE(repository): The arm scans the whole
laboratory domain in order to find the whereabouts of the
repository, where all the objects are placed at first.

FIND(item): This instruction locates the item used
as argument and returns the X, y position as a result. This
means that the robotic arm spreads and scans the domain
in order to be in a close distance from the object to iden-
tify it.

PLACE(item,z,w): This instruction makes the arm
scan the repository, find the specified item, move towards
it, lower to grab it, raise and move it to the specified posi-
tion (the next two arguments of the parameters), lower,
release it and raise again. More specific this instruction
runs the following block of instructions:
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FIND(item);
MOVE(X,Y);
LOWER;
GRAB;
RAISE;
MOVE(z,w);
LOWER;
RELEASE;
RAISE;

REMOVE(item): In case an object needs to be re-
moved from the experiment domain this instruction should
be used. The implementation of this instruction is similar
to the PLACE() command, only the last two parameters
are no longer needed, as the remove command places the
objects in the repository by default.

FIND(item);
MOVE(X,Y);

LOWER;

GRAB;

RAISE;
MOVE(repository);
LOWER;

RELEASE;

RAISE;

FOR (expression_1; expression_2; expression_3)

//block of statements to execute

}

The statements in the for-loop repeat continuously for a
specific number of times. Expression 1 is the starting
point, expression_2 is the condition that must be true in
order to repeat the loop, and expression_3 is the step.

IF (conditional_1)
//block of statements executed if conditional 1 is true
ELSE

// block of statements executed otherwise

}

The IF-ELSE statements provide conditional branching
for easy and effective control checks. Conditional 1 is the
condition that must be true in order to execute the block of
statements into the IF sentence. In any other case the
ELSE block of statements is executed.

CLEAR ALL: This instruction is used if the experiment
execution has been completed and the experimental do-
main must empty in order to prepare another experiment.
It removes all the objects and places them into the reposi-
tory. The implementation is based on the REMOVE()
command.

FOR(item=1; item!=NULL; item->item.next)

éEMOVE(item);
}

The flexibility of the system lies on the ability to decide
whether to retrieve an existing scenario from the scripts
database or create and program a new script from the be-
ginning.

C. Embedding Remote Control Functionalities

Each student ought to have access to the robotic labora-
tory in order to perform a physical experiment and ob-
serve the results. The described above robotic laboratory
is equipped with embedded cameras to depict live the dif-
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ferent aspects of the laboratory area. The student connects
to the Virtual LAN (VLAN) of the laboratory platform via
the World Wide Web (Figure 3), logins to the platform,
loads his/hers profile from the database, inputs the neces-
sary data (instructions) or retrieves an experiment scenario
from the scripts database and initializes the experiment.
The student observes the real-time experiment perform-
ance through the cameras.

In case the student initializes a new experiment he/she
is able to store the script in his/her favorite scripts data-
base along with the experimental results from further
analysis. The remote control functionality includes access
to the scripts database, ability to store new scripts and
ability to watch recorded experiments and results executed
by other students.

The core elements of the system software are:
1. The database client and server

2. The ROBOT control interface and server side appli-
cation

3. The script language interface and compiler

4. The video client and server

The main advantage is that the above mentioned robotic
system does not offer virtual performance but rather a
real-time process, with real conditions and reliable results.
Students are enabled to perform experiments just via an
internet connection from the comfort of their private
space.

Special
Interface

%

User's Personal
Station

World Wide
Web

Switch

Switch

Profiles
Database
Scripts
Database

Robot Control|Station

— £y
~

"B

Robotic Arm

Figure 3. Remote control access to the robotic laboratory

D. Embedded camera system for data recording

The robotic laboratory provides further functionalities
of data recording for further analysis and evaluation of the
experimental results. Special equipment is installed in the
laboratory area to provide precise data recording such as
thermal infrared imaging cameras or special featured cam-
eras that take a large number of snapshots per second, so
in depth analysis is guaranteed.

Spot 23.5 °C
Isotherm

Level -60.0

Dist = 0.8 Trefl = 20.0 £ =

Figure 4. Thermal infrared camera image [18]
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Figure 5. Mapped laboratory area equipped with special cameras
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The following example could provide a better under-
standing of the determinative and valuable role these re-
cording cameras play. In physics, mechanical energy [11]
describes the sum of potential energy and kinetic energy
present in the components of a mechanical system and
Heat [12] is the process of energy transfer from one body
or system due to thermal contact (collision). These types
of energy are difficult to grasp with the naked eye of the
inexperienced students. A thermal camera can depict the
heat energy that appears in the objects right after the colli-
sion.

Another example is that of the horizontal throw. The
motion is too quick and the naked eye cannot trace the
track of the object thrown in detail. A camera that shoots a
large number of snapshots per second can be used to re-
cord the movement of the object for a more detailed
analysis.

IV. FUTURE SUGGESTIONS FOR FURTHER RESEARCH

As far as future research is concerned, the system offers
easy expansion and complete independence of any other
software or hardware.

One of the aspects that would be challenging to develop
in the future is the enhancement of the types of experi-
ments, not only in the mechanics field but also in other
topics of the Physical Sciences, such as electromagnetism
or electrical circuits.

A second robotic mechanism (or a second robotic arm)
interfering with the robotic laboratory could prove a valu-
able solution for more complex experiments.

More degrees of freedom in the existing robotic arm
would provide more flexibility to the movements of the
robotic arm and experiments that require total precision
could be performed. Nevertheless, this option would mean
the need for further progress in the robotic language and
for improvements on several other software features of the
ICT system.

A software expansion is under consideration for devel-
opment that would stimulate the experiment process, re-
cord the results and provide statistics of the experiments.

Due to the effectiveness and the flexibility for easy ex-
pansion of the system further research will be developed
gradually in the near future.

V. CONCLUSIONS

In the present work we analyse the architectural funda-
mentals for the development of an ICT system, which
would be able to support the preparation of Physics ex-
periments in a robotic physics laboratory. The proposed
system ensures performance accuracy and a high degree
of results precision. In addition, it provides an effective,
interesting and pleasant way of teaching the Physical laws
and concepts to students with kinetic disabilities. Some of
the many advantages are:

e Time limited calibration of the robotic arm and
preparation of the experiment,

e More students may have enough time to perform an
experiment more than once, even in classes with a
large number of students,

e In-depth analysis of the experimental results via the
special featured cameras,
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e Remote control of the robotic arm for students that
are away from the robotic laboratory.
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