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Introduction
Boston Scientific manufactures medical devices such as 
pacemakers, defibrillators, catheters and stents. The production 
environment must be tightly controlled, clean and free of any 
contamination. Machines such as robots can operate with great 
precision and consistency without requiring interaction with 
humans or other sources of contamination. In this lesson we look 
at the general field of technology called robotics which deals with 
the design, construction and use of robots.

What is a robot?
A robot is a machine that mimics the movements or behaviour of a living 
being, most often a human. It is a method of automation. Standard 
automation addresses a process and performs it automatically. Robotics 
takes the movement of limbs and functions of the senses and replicates 
these. The concept of robots goes back a long way. Engineers and 
inventors from ancient civilisations, including Ancient China, Ancient 
Greece, and Ptolemaic Egypt, attempted to build self-operating 
machines, some resembling animals and humans. About 1495 Leonardo 
da Vinci designed a robotic knight that could sit up, wave its arms, and 
move its head and jaw. In 1926, Westinghouse Electric Corporation 
created Televox, the first robot put to useful work. The word robot was 
introduced by the Czech writer Karel Čapek in his play R.U.R. (Rossum’s 
Universal Robots), published in 1920.

Some robot configurations
Robots are designed to manipulate objects through three dimensional 
space. This implies some basic options. A Cartesian coordinate (X,Y,Z 
coordinates) robot is a robot whose three principal axes of movement 
are linear and are at right angles to each other. Cartesian coordinate 
robots come in several types. For example, those with the horizontal 
member supported at both ends are sometimes called gantry robots. 
These robots are generally fixed in position and are often used for 
picking and placing things, for example on car assembly lines. 
Cylindrical configuration robots incorporate a horizontal slide position, 
a vertical rotating column and a robot arm. A polar configuration 
comprises an arm that goes up and down and can rotate at the base. A 
delta robot is a type of parallel robot consisting of three arms connected 
to universal joints at the base. An articulated or jointed-arm robot is one 
with rotary joints (e.g. a legged robot). Articulated robots range from 
simple two-jointed structures to systems with ten or more interacting 
joints.

Degrees of Freedom 
The movements  a robot can make are governed by its number of  
degrees of freedom i.e. the number of independent parameters that define 
its configuration. The position of a rigid body in space is defined by three 

components of translation and three components of rotation, This means 
it can move in three directions and rotate on three axes. It therefore has 
six degrees of freedom. The configurations described above give robots 
a distinct numbers of degrees of freedom. Each joint in an articulated 
arm adds a degree of freedom, allowing it to bend, rotate, or translate 
(change position).

What makes robots tick?
Robots imitate humans (say) by being able to perform actions such as to 
move about and to grasp, hold, manipulate and release objects. They 
may also be able to sense the environment through sight, sound, feeling 
temperature or texture and even taste or smell. Mechanically, they 
require the following components.

 - A power source - which is often mains supply, sometimes a battery
 - An actuator to convert stored energy to movement. This can be  an 

electric motor or compressed air (pneumatic) device for linear 
activation

 -A sensor, for example a camera, a sonar device, photo cell,  a 
pressure sensor, a microphone, a voice activation device, a 
piezoelectric device (which produces electricity resulting from 
pressure) 

- Arms (manipulators), ‘hands’ (end effectors) and mechanical grippers 
that can rotate and move through multiple degrees of freedom; 
mechanisms for movement.

 - Some robots have ‘legs’, others may have wheels that move it along 
tracks.

Robots can be either autonomous or operator controlled. An autonomous 
robot can do things on its own, such as recognise objects, move around 
and avoid collisions, mow a lawn and clean a floor. Of course, if 
necessary, an operator can take over control. 
As in the human, the robot’s brain guides its actions. Unlike simpler 
forms of automation, the programming associated with the robot is 
critical. Microcontrollers (small computers on a single integrated circuit 
containing a processor core, memory, and programmable input/output 
peripherals) are the robots’ brains.

Feedback is necessary
When a robot control system sends a signal for an actuator to perform 
some movement it usually needs to ‘know’ if and when the action is 
completed. Small adjustments may be required because of external 
factors. For example if a robot arm is to pick up an egg then the control 
system needs to detect when the end effector is touching the egg and 
what pressure it is applying. Because eggs are not all the same size the 
robot movement must be varied. This process is called feedback; sensor 
data is fed back to the control system to enable it to modify the action.

Programming
Robot software comprises 
coded commands that tell 
a robot what tasks to 
perform and control its 
actions. Data flow 
programming techniques 
are used by most robot 
manufacturers, and are 
based on the concept that 
when the value of a 
variable changes, the 
values of other variables 
affected should also 
change. Due to the highly 
proprietary nature of robot 

The following C code drives a robot for 
two seconds forward in autonomous 
mode. The first line disables motor 
safety to permit autonomous mode.
{
myRobot.SetSafetyEnabled (false);
myRobot.Drive (-0.5, 0.0)  

//drive forward half speed, no turn
Wait (2.0); 

// for 2 seconds
myRobot.Drive (0.0, 0.0) 

// stop robot
}
void Autonomous(void)

A selection of Boston Scientific defibrillators
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software, most manufacturers of robot hardware also provide their own 
software. There are over thirty different manufacturers with proprietary 
programmes, though they share large similarities. 
Many programming languages are used to programme microcontrollers; 
these include assembly language (the closest to machine code and the 
most tedious), BASIC, C/C++, Java, NET/C# (Microsoft proprietary), 
and Python. The Arduino microcontroller uses a variant of C++. 

G-Codes
In the 1970s as computers became smaller and more affordable several 
manufacturers produced computerised machine tools such as lathes, 
milling machines and sheet cutters. Simple codes, called G-Codes,  were 
used to programme a wide variety of movements in two or three 
dimensions. As computer numerical control (CNC) developed the 
G-codes were increasingly generated by the software. 

What can robots do?
Robots were introduced in the 
1970s for spot welding and 
transformed the automobile 
manufacturing industry. Although 
very expensive, they brought 
about a dramatic improvement in 
the quality of production. 
Robots are also particularly useful 
for working in dangerous or 
inaccessible places. They can 
help with the three ‘D situations’: 
Dangerous, Dirty and Dull. 
Robotic bees are being developed 
as possible pollinating substitutes 
for the real thing. Military functions 
are increasingly robotic, using 
drones, unmanned vehicles, 
bomb disabling units and robots 
for investigating buildings. The 
vision of a domestic robot carrying 
out all the mundane chores is still 
far off, but, as for technological 
advances generally, robots have the capability of replacing labour. In 
2011, a Taiwanese technology company announced a plan to increase its 
number of robots from ten thousand to a million over a three-year period.

Robots in Boston Scientific
Boston Scientific makes use of robots in many of its manufacturing 
processes. The company also markets the CRI AmigoTM, a remote-
controlled catheter system. A catheter is a thin tube that is inserted into a 
body cavity or a blood vessel to treat a disease or to perform a surgical 
procedure. The Amigo system connects to the catheter and lets the 
physician remotely operate it via a controller. 

Future of robotics
As demonstrated above robotics extends into ever greater areas of life. 
The general availability of the driverless car is just around the corner. 
These may be manufactured in a largely workerless factory. Robot 
swarms are being developed. These allow hundreds of small robots to 
act like swarms of bees, insects or birds and can be used to flood areas 
such as forests, to detect fire hazards, earthquake zones to identify and 
rescue survivors, planetary exploration to spread around the terrain and 
carry out intensive searches. Other developments include ‘collaborative’ 
robots to work in conjunction with humans, and speech programming of 
robots. 

Boston Scientific is the world’s largest medical device 
company dedicated to less-invasive medicine. It has more than 
28,000 employees and 26 manufacturing, distribution and 
technology centres delivering more than 15,000 products in 
over 45 countries. For more than twenty five years, Boston 
Scientific has improved the quality of patient care and the 
productivity of health care delivery through the development 
and advocacy of less-invasive medical devices to help clinicians 
improve patient care by reducing risk, trauma, cost, procedure 
time and the need for aftercare.

With corporate headquarters in Natick, Massachusetts and 
major operations in North and South America, Boston Scientific 
has established three key strategic sites in Ireland — Clonmel, 
Cork and Galway — employing in excess of 3,000 employees 
across the broad range of activities in which the company is 
involved.

The Clonmel operation is responsible for the production of 
implantable pacemakers and defibrillators that offer life saving 
therapy for patients suffering from cardiac arrhythmias and 
heart failure. It currently employs more than 600 people, many 
of whom specialise in a range of engineering disciplines e.g. 
Electrical, Mechanical, Biomedical, Quality, R&D and Industrial 
along with other functional areas such as Supply Chain, Human 
Resources, Finance, Process Development, IT and 
Manufacturing.

Boston Scientific Clonmel actively promotes and participates in 
the local community through initiatives such as their Schools 
Programme where BSC facilitates local students on work 
experience and sponsors a Student of the Year Award in local 
schools, culminating in an opportunity for summer work. BSC 
is actively involved in Junior Achievement activities, with over 
16 employees delivering programmes in the region.

Find out more about the work of Boston Scientific on  
www.bostonscientific.com

Find this and other lessons on www.sta.ie

A robotic dispensing station in use 
in Boston Scientific
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Syllabus References

The relevant syllabus references are:

Leaving Certificate Physics 
• Electricity – Motors; Power

• Electronic Devices

Leaving Certificate Technology
• Applied Control Systems – Robotics; 

• Control; Programmable Devices; Motors

• Manufacturing Systems

Student Activities

1. Make a universal gripper: 

Most robot grippers look like hands. The prototype for the Universal 
Jamming Gripper developed by Cornell University, the University of 
Chicago, and the iRobot Corporation was different: a latex party balloon 
filled with ground coffee. The gripper works on the principle of 
“jamming” – when rough grains of material such as sand are loose, they 
flow like liquid, but when jammed tightly together, they behave like one 
solid mass. The Universal Jamming Gripper switches between one 
state and the other by means of a vacuum. To pick up an object, the 
gripper is pressed down onto it. The vacuum is turned on and sucks the 
air out of the balloon, packing the coffee grains together tightly around 
the object. To release it, the vacuum is turned off and air is let back into 
the balloon. 

http://www.wired.com/geekdad/2012/08/robots-everyday-stuff/ 

2. First Lego League 

Develop an entry for the First Lego League. 

http://www.roboticsireland.com/ 

True/False Questions

a) Robots always mimic the shape of living creatures. T F

b) A delta robot is a form of parallel robot. T F

c) Cartesian robots use articulated arms. T F

d) A Gantry robot is a form of Cartesian robot. T F

e) An articulated robot has fewer degrees of freedom   
than non-articulated. T F

f) A pressure sensor is a form of actuator. T F

g) The piezoelectric effect is caused by magnetism.  T F

h) Robots’ ‘hands’ are called ‘end effectors’.  T F

i) ‘BASIC’ can be used to programme microcontrollers. T F

j) The rotation of an object is called precession. T F

k) A linear actuator acts in a straight line. T F

l) A rigid body in space has six degrees of freedom. T F

m) The term ‘robot’ was coined by Isaac Asimov. T F 

Check your answers to these questions on www.sta.ie.

Learning Outcomes

On completion of this lesson, students should be able to: 

• Explain what is meant by the term ‘robot’

• Outline some uses for robots

• Describe the main components of a robot 

• Distinguish robotics from other forms of automation

• Outline the development of robotics

• Identify various robot configurations

• Explain what is meant by ‘degrees of freedom’

• List some languages that can be used to programme robots

• Describe a programme to carry out a simple instruction

• List possible future applications of robotics.

General Learning Points

The following points can be used to enhance the lesson content 
and to inform discussion.

• Robotic Hands: Some advanced robots are beginning to use fully 
humanoid hands, like the Shadow Hand, MANUS, and the Schunk 
hand. These are highly dexterous manipulators, with as many as 
twenty degrees of freedom and hundreds of tactile sensors.

• SCARA stands for Selective Compliance Assembly Robot Arm or 
Selective Compliance Articulated Robot Arm. It was first introduced 
in 1981 in Japan as an improvement on Cartesian robots for work 
such as inserting round pins into round holes

• Robotic Surgery: Surgical procedures can be carried out using 
telemanipulators — arm-like mechanisms that are controlled from a 
distance and replicate the movement of the surgeon’s hands. 
Combining this with computer video control allows surgery while 
the surgeon is anywhere in the world, carrying out the operation 
through the robotic arm and video link. In open heart surgery, 
programmed instruments may carry out standard actions with 
smoother feedback controls than are possible with the human 
hand.
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Did You Know?
• As robots such as driverless cars become commonplace they will present tricky 

dilemmas where currently people must exercise their conscience, or be thankful 
not have time to do so. For instance should a driverless car swerve to avoid 
pedestrians if that means hitting other vehicles or endangering its occupants?

• In 1930 John Maynard Keynes wrote an essay visualising the world 100 years on. 
He foresaw that technological advances, such as automation, would enable all 
our requirements to be produced using a fraction of available working hours. He 
did not see that despite this the bulk of humanity would continue in relative 
deprivation and those working would still work as long as ever.   
(http://www.econ.yale.edu/smith/econ116a/keynes1.pdf )

• This year, robots will be teaching everything from mathematics to vocabulary in 
classrooms in California and New York. One experiment relies on a basic insight: 
Children don’t like admitting mistakes but they enjoy pointing out someone 
else’s. The robot with glowing eyes, bulging triceps and a futuristic-looking white 
and orange spacesuit makes carefully calculated errors when working with 
students. The children learn by correcting their 2-foot-tall partner.   
(Wall St. Journal, April 11, 2013)

Examination Questions

Leaving Certificate Technology (HL) 2011 

Draft Question, (d)
Robotic applications now feature extensively across many areas of 
automated production systems. Modern robot anatomy now provides a 
wide range of possibilities.

(i) Describe any two of the robot configurations listed below.

• Cartesian, • Cylindrical, • Polar, • SCARA

(ii) Discuss a suitable application for each of your chosen robot 
configurations in (i) under the following headings: -

• Degrees of freedom

• Work envelope

• Suitability for task

• Safety consideration

(iii) Differentiate between a DC server and stepper motor as a robotic 
drive system..

Junior Certificate Technology 2010 Section B, Q4.

(Control Systems & Technology and Society)

Modern commercial robotic machines could be classed as:

Domestic, Industrial, Research or Military.

In the case of any two robotic machines:

(i) Outline the function and operation of each robotic machine.

(ii) Explain why each selected robot is a suitable replacement for a 
person.

Leaving Certificate Technology (HL) 2013, Section C, Q. 1

(a) Outline two advantages of the 
increased use of automation in 
industrial welding.

 Identify two other industrial processes 
that use automated control.

(b) A microcontroller contains a 
programmable IC with input and 
output components. Explain the 
function of each part of the microcontroller.

(c) ASIMO is a humanoid robot created by Honda 
and introduced in the year 2000. ASIMO, which 
is an acronym for Advanced Step in Innovative 
Mobility was designed to be a personal helper.

 (i) Describe the main features of a humanoid 
robot.

 (ii) Identify two possible applications for 
humanoid robots.

Biographical Notes 

William Rowan Hamilton (1805-1865) 
Hamilton was an Irish physicist, astronomer, and mathematician, who 
made important contributions to classical mechanics, optics, and 
algebra. His greatest contribution is perhaps the reformulation of 
Newtonian mechanics, now called Hamiltonian mechanics. This work 
has proven central to the modern study of classical field theories such 
as electromagnetism, and to the development of quantum mechanics. 
In mathematics, he is perhaps best known as the inventor of quaternions, 
a number system that extends complex numbers. It has been found to 
have applications in computer graphics, computer vision, robotics, 
navigation, molecular dynamics, flight dynamics, and orbital mechanics 
of satellites.
Hamilton created quaternions on 16 October 1843. He was walking 
along the Royal Canal in Dublin with his wife when the solution in the 
form of the equation I 2=j 2=k 2=ijk= −1 suddenly occurred to him. He 
carved this equation using his penknife into the side of the nearby 
Broome Bridge. 
Hamilton died in 1865 and is buried in Mount Jerome Cemetery.

Revise The Terms

Can you recall the meaning of the following terms? Revising 
terminology is a powerful aid to recall and retention.

actuator, articulated (or jointed-arm) robot, autonomous robot. cardiac 
arrhythmia, Cartesian robot, catheter, collaborative robot, cylindrical 
configuration, data flow programming, degrees of freedom, delta robot, 
end-effector, gantry, gantry robot, linear axis of control, manipulator, 
microcontroller, nutation, parallel robot, pneumatic, polar configuration, 
precession, robot, robot swarm, scara, Stewart platform, 
telemanipulator, translate.

Check the Glossary of terms for this lesson on www.sta.ie


