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Prologue

Many  human  affiliated  problems  and  accidental  situations  could  be  solved  by 
today's advanced science and engineering of robotics.

People  who  have  motor  skill  difficulties  could  be  assisted  by  variety  of  robotic 
solutions, which may provide the solution for their needs.

Our mission was to develop a cost-efficient robot, capable of helping & supporting 
the handicapped assimilate in the 'mainstream' community & society everyday life, 
while enjoying lifestyle, from which handicapped people were previously unable to 
experience fully.

Establishing a great  degree  of  freedom is  essential  to  allow an unlimited spatial 
movement; in lieu of this, a human assistant may be fully replaced by an automated 
robotic device.

Other aspects to acknowledge in replacing the ordinary human assistant with the 
robot are easy and interactive controls and methods of operation.

Our project, which was developed within the framework of elective studies at the 
Hebrew Reali School for Science, Nature & the Environment, in collaboration with 
the  Technion  I.I.T.,  Technology  Education  Faculty  labs,  introduced  us  to  the 
International  Robotic  Olympiad  in  Seoul,  Korea  2005,  where  we  won the  Gold 
Medal and 1st place in the Challenge Creativity category, fulfills these needs.

Introduction

Science and technology play an increasingly  pivotal  role in the 21st Century.  In 
order to navigate the abundance of information, students should understand how 
science works; they should be made aware of the application of scientific principles 
and notably the distinction between science and dogma. 

Subsequently, educators need to be able to explain the coupling of basic scientific 
principles with systematic and critical analysis. Emphasis should thus be placed on 
methods employed to model, gather, interpret and evaluate data and manifestation 
of nature and the placement of this info into a comprehensive and clear contexts. 

In  the  face  of  the  rapidly  evolving  understanding  of  the  natural  world,  the 
application  of  scientific  methods  constitutes  an  enduring  skill  and  ability  for 
assessing the validity of observations pertinent to the natural world. This mode of 
learning and inquiry inextricably links courses' content and the analytical process.  
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The study of robotics at the intermediary school level has several didactic as well as 
scientific advantages: From the point of view of didactics, robotics encapsulates and 
indeed triggers creativity, innovativeness,  risk-taking, the ability to unlearn from 
errors and experiencing independent learning, teamwork and iterative experiments.

The ability to plan and execute a complex technological instrument encompassing 
technical  know-how,  the  usage  of  software,  can  not  be  had  without  actually 
inculcating and honing human faculties embedded in every participating pupil. 

These faculties can be traced in most students but it takes a great deal of pedagogic 
effort and technological know-how to actually locate those students endowed by 
these  attributes.  Moreover,  teachers'  ability  to  effectuate  these  often  implicit 
capabilities  and  channel  them  into  an  integrated  ability  to  undertake  a  truly 
innovative  scientific  challenge  entails  a  great  deal  of  tenacity,  dedication and  a 
comprehensive perception of human abilities and pedagogic skills.

At the Reali School for Science, Nature & the Environment the robotics class is one of 
some 40 electives. Although previous experience isn’t stipulated in the field from 
neither prospective participants, nor any scholastic capabilities such as hi grades in 
math  or  physics,  the  school  encourages  those  students  who  have  shown 
considerable learning abilities in science classes. 

Robotics  is an area where a crucial interface between the academia and schools 
bring to the fore a variety of opportunities for both. Schools benefit considerably 
from direct access to the state-of-the-art scientific advances whilst the Technion 
gains an opportunity to practice technological teaching and practical couching. 

Ongoing pedagogic contacts with the Technion as a springboard for those of our 
pupils who wish to have a firsthand experience about how science is practically 
theorized, taught, practiced and researched. 

Since  robotics  pertains  concurrently  to  key  aspects  including physics,  math and 
computer sciences it constitutes a unique scientific 'playground' or teaching arena 
enabling instructors to tap on these scientific domains in order to form a tangible 
illustration accessible and thus more explicable to the participating students.

A key incentive for the student is to get a robot to accomplish a task or to navigate 
obstacles. Pupils therefore need to comprehend and use such sensors as rotation, 
light, touch or voice. Likewise, it requires the measurements of physical properties 
including velocity, acceleration, power and the translation of software into physical 
motion  and  sound.  In  this  vein,  pupils  are  confronted  with  such  challenges  as 
artificial intelligence considered instrumental in programming robots. 

At  the  Reali  School  of  Science,  Nature  &  the  Environment,  the  environment  is 
underscored  as  a  holistic  entity.  As  such  it  is  not  focused  on  perceiving  the 
environment as mere physical but extend the notion into the wider domains of the 
community at large. 

In these vein interactions with a variety of institutions is encouraged with the view 
of  both  contributing  and  gaining  benefits  for  the  school  by  gaining  first-hand 
scholarly benefits and reciprocating by hiring graduates for various teaching slots 
notably elective classes.  Moreover,  using the Technion labs by the pupils  enable 
these  labs  to  be  activated  beyond  the  institute's  purposes  for  the  benefit  of  the 
community at large. 
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The Robot System   (we called him Teddy)     

Our mission was to develop a reasonably affordable shaving robot for the disabled, 
using Educational Rascal Robotic Kit and proprietary software, which provides the 
handicapped with:

• Higher degree of freedom, enabling shaving functionality at any discretion.
• Involvement in the mainstream society while enjoying wellbeing lifestyles, 

from which handicapped people were previously excluded.
• Assistive tasks in lieu of a personal assistant. 
• Increased independence and productivity with a higher quality of life.
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Software

The  purpose  of  the  software  is  to  interpret  voice  commands  of  the  user  into 
mechanical movements of the robotic arms enables the controllability of the process 
in an adaptive approach to multiple users as well as a variety of other commands & 
instructions to learn the process and set the system appropriately. 

The software was designed in a structure & modular way to enable easy access and 
understandability, to complete the development and integration process rapidly & 
easily.
 
The  software  was  developed  using  the  VB  [Visual  Basic]  and  C  languages 
environments, whereas the VB handles mainly the GUI [An application outputting 
processes and receiving input graphically] and migrates all of the subsystems into 
one application that is capable of placing calls of functions and receiving inputs 
from both Hardware, and Software.

The software consists of various subsystems, in such a way that the overall speed 
and behavior are much faster and stable. The CPU usage of resources percents are 
divided for each subsystem as required. Not only these subsystems do not interrupt 
each other, they interact and communicate among themselves.

• The  Login  Subsystem (LS)  allows  the  usage  of  the  same  Hardware  for 
multiple  users  –  it  grants  the  possibility  of  Multiple  User  Management 
(MUM): Different users may use their own data and records to work with 
soon after the previous finished a session. Each profile of each user residents 
in the Database dictated for each user. Whether a new profile, i.e. a new 
user account is wished to be created, it’s ID and details of operation are kept 
until requested for usage.
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• The Robotic Operation and Feedback Subsystem (ROF) consists of data output 
and feedback. This subsystem allows the real-time usage of the Robot, in our 
case – the Manipulator.    Its  working procedure is  simple and fast  – the 
application contacts the Interface, then sends or receives the data requested 
or the data wished to be sent in which is executed by the robot through the 
interface – that’s how the application determines the different situations, as 
if there's a problem with the robot, or either when the user wishes to stop the 
current process operated. The robotic calls and feedbacks are placed through 
the Robot Driver, which is basically written in C connected to the library in 
VB  to  place  calls  and  functions  directly  from  Visual  Basic  quickly  and 
efficiently.  The ROF Subsystem also  handles  the  Activation of  the  Electric 
Razor (ER), so there is no need for manual activation and operation of the ER. 
In a nutshell, the ROF subsystem is responsible for the robotic output and the 
feedback themselves.  The Application guarantees  proper  execution of  the 
movements  as  the  whole  progress  is  measured by  the  application and  is 
interactive.  The  ROF  functions  for  the  entire  process  of  shaving  in  this 
occurrence.  It  is  controlled and measured by the Master Application (the 
'Parent' Application).

• The Voice Subsystem (VS), which should be referred to as a whole. It enables 
the gross usage of the Master Application (MA) by recognizing the voice of a 
person  using  the  software  during  a  specified  period  of  time  (User).  The 
process  of  speech  recognition  is  stage  separated:  First,  the  sound-data 
received from the Microphone is  recorded and processed almost in Real-
Time. Therefore, while Data are being processed, the new data received are 
kept being recorded (stacked). Second, the data processed are examined and 
compared to the personal Recorded Data Files.  Those RDF are created during 
the first activation of the Master Application, or whether a new user account 
is  created.  Both  Robotic  Movements  and  Recorded  Data  Files  (Voice)  are 
stored locally for immediate use. A sub-component of the Voice Subsystem is 
the Training Functionality. It is initiated during the first activation of the MA. 
The Voice RDF can be compared to the actual sound received only if existent. 
In addition, the training system is activated once in, while automatically and 
transparently to update the existing RDF – this is why there’s no need for 
Training  'sessions',  as  it  is  updated  continuously.  Nonetheless,  it  is 
recommended to re-record the RDF and update the Database,  since voice 
often changes. This does not apply when the Voice changes due to certain 
situations of pressure or these kinds of influences of behavior or in this case, 
speech.

• Another  important  sub-component,  in  pursuant  to  the  Robotic  Operation 
Subsystem; is the Emergency Brake System (EBS). The EBS allows immediate 
halt  of any operation that was being done concurrently at the very same 
moment.
Engaging  the  EBS  may  be  acknowledged  in  several  types  of  manners.  
When the robot is eventually is installed, an emergency pedal is placed as 
well.  Should  the  pedal  be  pressed  any  time,  the  robot  would  alter  into 
emergency mode and would agitate to the most secure position safely. This 
feature  also  precludes  the  functionality  of  the  shaving  machine.  This 
prevents any harm that could be caused to the user if this feature was not 
integrated.  Should  the  user  commences  the  application  to  begin  its 
functionality, there is a possibility of restoring the manipulator back to its 
original state, to the very same point where it stopped, or either performing 
the intact process from its beginning.
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• Real-Time  video  streaming  from  the  Camera  is  another  sub-system.
A Camera was placed near the end of the Razor Unit root. The mirror display 
on the screen is large and comfortable. 
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Hardware

The robot’s hardware was designed and went through many evolutions and phases 
to its complete build.

The robot’s main function is being a robotic arm suited for any operation that would 
need to be performed in order to replace the user’s use of arms.

The design was focused on making the robot’s spatial movements unlimited, in 
order to operate like an arm. This led to five axes of movements and 6 degrees of 
freedom, completely freeing the robot to do anything spatially wise. 

Upper perspective of the robot

Side perspective of the robot

The real  Innovation and the  intention of  the  robot  is  the  operation of  everyday 
actions that replaces the user’s arm. Yet here lies a problem, how to receive input 
from the user.

In another evolution of the design, we incorporated the voice recognition way of 
input (as noted above in Software). In order to receive voice we have used a simple 
3$ microphone. 

The robot hardware is actually a system, consisting of the microphone, the robotic 
arm, and the linker between them, the computer running our software.

Another aspect that was considered during development is how the hardware will 
fit the intention to enter every home. Such mission requires several prerequisites. 
The cost of the working system is $500, which can be drastically reduced when 
created in mass production. Maintenance is also quite simple, only a few screws 
need to be tightened every few operations. 
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Matching External Power

The design enables powering the shaving machine directly from the computer & 
interface (external), and facilitation of the manipulator’s weight.
Also, the batteries of the shaving machine may be attached to the circle at a different 
location, rather than inside the shaving machine – weight is reduced.

(*)  The authors wish to express their gratitude to Ms. Rivka Ginsburg' 
Deputy  Principal  &  Head  of  Science  Studies  of  the  Reali  Science 
Nature & The Environment School and Mr. Evgeny Korchnoy of the 
Technion I.I.T for their continuous support,  mentoring and superb 
supervision.
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