Chapter

Introduction of Robotics

Text A

Robotics is an interdisciplinary branch of engineering and
science that includes mechanical engineering, electronic engineering,
information engineering, computer science, and others. Robotics
deals with the design, construction, operation, and use of robots, as
well as computer systems for their control, sensory feedback, and
information processing.

These technologies are used to develop machines that can
substitute for humans and replicate human actions. Robots can be
used in many situations and for lots of purposes, but today many are
used in dangerous environments (including bomb detection and
deactivation), manufacturing processes, or where humans cannot
survive (e.g. in space). Robots can take on any form but some are
made to resemble humans in appearance. This is said to help in the
acceptance of a robot in certain replicative behaviors usually
performed by people. Such robots attempt to replicate walking,
lifting, speech, cognition, and basically anything a human can do.
Many of today’s robots are inspired by nature, contributing to the
field of bio-inspired robotics.

The concept of creating machines that can operate autonomously
dates back to classical times, but research into the functionality and
potential uses of robots did not grow substantially until the 20th
century. Throughout history, it has been frequently assumed by

various scholars, inventors, engineers, and technicians that robots
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will one day be able to mimic human behavior and manage tasks in
a human-like fashion. Today, robotics is a rapidly growing field, as
technological advances continue; researching, designing, and building
new robots serve various practical purposes, whether domestically,
commercially, or militarily. Many robots are built to do jobs that are
hazardous to people such as defusing bombs, finding survivors in
unstable ruins, and exploring mines and shipwrecks. Robotics is
also used in STEM' as a teaching aid.

Commercial and industrial robots are widespread today and
used to perform jobs more cheaply, more accurately and more
reliably, than humans. They are also employed in some jobs which
are too dirty, dangerous, or dull to be suitable for humans. Robots are
widely used in manufacturing, assembly, packing and packaging,
mining, transport, earth and space exploration, surgery, weaponry,
laboratory research, safety, and the mass production of consumer
and industrial goods.

Etymology

The word robotics was derived from the word robot, which
was introduced to the public by Czech writer Karel Capek in his
play R.U.R. (Rossum’s Universal Robots), which was published in
1920. The word robot comes from the Slavic word robota, which
means labour/work. The play begins in a factory that makes
artificial people called robots, creatures who can be mistaken for
humans — very similar to the modern ideas of androids. According
to the Oxford English Dictionary, the word robotics was first used
in print by Isaac Asimov, in his science fiction short story “Liar!”,
published in May 1941 in Astounding Science Fiction.

History

In 1939, the humanoid robot known as Elektro appeared at the
World’s Fair. Seven feet tall (2.1 m) and weighing 265 pounds (120 kg),
it could walk by voice command, speak about 700 words (using a
78-rpm record player), smoke cigarettes, blow up balloons, and
move its head and arms. The body consisted of a steel gear cam and
motor skeleton covered by an aluminium skin. In 1939 Konrad Zuse
constructed the first programmable electromechanical computer,
laying the foundation for the construction of a humanoid machine
that is now deemed a robot.

In 1951 Walter published the paper A Machine that learns,
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documenting how his more advanced mechanical robots acted as
intelligent agent by demonstrating conditioned reflex learning. The
first digitally operated and programmable robot was invented by
George Devol in 1954 and was called the Unimate. This later laid
the foundations of the modern robotics industry.

Devol sold the first Unimate to General Motors® in 1960, and it
was installed in 1961 in a plant in Ewing Township, New Jersey to
lift hot pieces of metal from a die casting machine and place them
in cooling liquid. Devol’s patent for the first digitally operated
programmable robotic arm represents the foundation of the modern
robotics industry.

The development of humanoid robots was advanced considerably
by Japanese robotics scientists in the 1970s. Waseda University
initiated the WABOT project in 1967, and in 1972 completed the
WABOT-1°. Its limb control system allowed it to walk with the
lower limbs, and to grip and transport objects with hands, using
tactile sensors. Its vision system allowed it to measure distances and
directions to objects using external receptors, artificial eyes and
ears. And its conversation system allowed it to communicate with a
person in Japanese, with an artificial mouth. This made it the first
android.

Robotic aspects

There are many types of robots; they are used in many different
environments and for many different uses, although being very
diverse in application and form they all share three basic similarities
when it comes to their construction:

Robots all have some kind of mechanical construction, a
frame, form or shape designed to achieve a particular task. For
example, a robot designed to travel across heavy dirt or mud, might
use caterpillar tracks. The mechanical aspect is mostly the creator’s
solution to completing the assigned task and dealing with the
physics of the environment around it. Form follows function.

Robots have electrical components which power and control
the machinery. For example, the robot with caterpillar tracks would
need some kind of power to move the tracker treads. That power
comes in the form of electricity, which will have to travel through a
wire and originate from a battery, a basic electrical circuit. Even

petrol powered machines that get their power mainly from petrol

Introduction of Robotics <\
3

New Words and Expressions

patent/ pat(o)nt;/ n.

ER A
limb/lim/ n.

B, &
grip/grip/ v.

BB, k%
construction/kon'strakf(o)n/ n.

A
dirt/ds:t/ n.

¥, Lt
caterpillar track

JE

assign/o'sam/ v.

e




4

/> S A TIEE W ZEHGE

still require an electric current to start the combustion process
which is why most petrol powered machines like cars, have
batteries. The electrical aspect of robots is used for movement
(through motors), sensing (where electrical signals are used to
measure things like heat, sound, position, and energy status) and
operation (robots need some level of electrical energy supplied to
their motors and sensors in order to activate and perform basic
operations).

All robots contain some level of computer programming code.
A program is how a robot decides when or how to do something.
Programs are the core essence of a robot, it could have excellent
mechanical and electrical construction, but if its program is poorly
constructed its performance will be very poor (or it may not
perform at all). There are three different types of robotic programs:
remote control, artificial intelligence and hybrid. A robot with
remote control programing has a preexisting set of commands that it
will only perform if and when it receives a signal from a control
source, typically a human being with a remote control. Robots that
use artificial intelligence interact with their environment on their
own without a control source, and can determine reactions to
objects and problems they encounter using their preexisting
programming. Hybrid is a form of programming that incorporates
both Al and RC functions.
Applications

As more and more robots are designed for specific tasks this
method of classification becomes more relevant. For example,
many robots are designed for assembly work, which may not be
readily adaptable for other applications. They are termed as
“assembly robots”. For seam welding, some suppliers provide
complete welding systems with the robot i.e. the welding equipment
along with other material handling facilities like turntables etc. as
an integrated unit. Such an integrated robotic system is called a
“welding robot” even though its discrete manipulator unit could be
adapted to a variety of tasks.

Current and potential applications include:

e Military robots. Military robots are autonomous robots or

remote-controlled mobile robots designed for military
applications, from transport to search & rescue and attack.
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e Collaborative robots. A cobot is a robot intended to
physically interact with humans in a shared workspace.
This is in contrast with other robots, designed to operate
autonomously or with limited guidance, which is what most
industrial robots were up until the decade of the 2010s.

e Construction robots. Construction robots can be separated
into three types: traditional robots, robotic arm, and robotic
exoskeleton.

e Agricultural robots. An agricultural robot is a robot deployed
for agricultural purposes. The main area of application of
robots in agriculture today is at the harvesting stage.

e Medical robots. A medical robot is a robot used in the
medical sciences. They include surgical robots. These are
in most telemanipulators, which use the surgeon’s actions
on one side to control the “effector” on the other side.

e Domestic robots. A domestic robot is a type of service
robot, an autonomous robot that is primarily used for
household chores, but may also be used for education,
entertainment or therapy.

Components

e Power source. Many different types of batteries can be used

as a power source for robots. They range from lead—acid
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Figure 1-2  Introduction of Robotics: A robotic surgery machine

batteries, which are safe and have relatively long shelf
lives but are rather heavy compared to silver—cadmium
batteries that are much smaller in volume and are currently
much more expensive. Designing a battery-powered robot
needs to take into account factors such as safety, cycle
lifetime and weight.

e Actuation. Actuators are the “muscles” of a robot, the parts
which convert stored energy into movement.

o Sensing. Sensors allow robots to receive information about
a certain measurement of the environment, or internal
components. This is essential for robots to perform their
tasks, and act upon any changes in the environment to
calculate the appropriate response. They are used for
various forms of measurements, to give the robots warnings
about safety or malfunctions, and to provide real-time
information of the task it is performing.

e Manipulation. Robots need to manipulate objects: pick up,
modify, destroy, or otherwise have an effect. Thus the
“hands” of a robot are often referred to as end effectors,
while the “arm” is referred to as a manipulator. Most robot

arms have replaceable effectors, each allowing them to
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perform some small range of tasks. Some have a fixed
manipulator which cannot be replaced, while a few have
one very general purpose manipulator, for example, a huma-
noid hand. Learning how to manipulate a robot often requires
a close feedback between human to the robot, although there
are several methods for remote manipulation of robots.

e Locomotion. Robot locomotion is the collective name for
the various methods that robots use to transport themselves
from place to place. A major goal in this field is in
developing capabilities for robots to autonomously decide
how, when, and where to move. However, coordinating a
large number of robot joints for even simple matters is
difficult.

technological obstacle for many areas of robotics, such as

Autonomous robot locomotion is a major
humanoids.
Control system

The mechanical structure of a robot must be controlled to
perform tasks. The control of a robot involves three distinct phases:
perception, processing, and action (robotic paradigms). Sensors
give information about the environment or the robot itself (e.g. the
position of its joints or its end effector). This information is then
processed to be stored or transmitted and to calculate the
appropriate signals to the actuators (motors) which move the
mechanical.

The processing phase can range in complexity. At a reactive
level, it may translate raw sensor information directly into actuator
commands. Sensor fusion may first be used to estimate parameters
of interest from noisy sensor data. An immediate task is inferred
from these estimates. Techniques from control theory convert the
task into commands that drive the actuators.

At longer time scales or with more sophisticated tasks, the
robot may need to build and reason with a “cognitive” model.
Cognitive models try to represent the robot, the world, and how they
interact. Pattern recognition and computer vision can be used to
track objects. Mapping techniques can be used to build maps of the
world. Finally, motion planning and other artificial intelligence
techniques may be used to figure out how to act. For example, a
planner may figure out how to achieve a task without hitting

obstacles, falling over, etc.
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Note:
The text is adapted from the website:
https://en.wikipedia.org/wiki/Robotics#Applications

Terms

1. STEM

science, technology, engineering, and mathematics 2%, iR, TR~
2. General Motors
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Comprehension
Blank filling

1. Robotics is an interdisciplinary branch of engineering and science that includes ,

R , , and others.

2. Military robots are robots or remote-controlled mobile robots designed for
military applications, from transport to and attack.
3. A domestic robot is a type of service robot, an autonomous robot that is primarily used

for household chores, but may also be used for , or

4. The control of a robot involves three distinct phases: , , and

Content Questions
1. What are the three basic similarities when building robots?

2. What are the components of the robot?

Answers

Blank filling

1. mechanical engineering; electronic engineering; information engineering; computer
science

2. autonomous; search & rescue

3. education; entertainment; therapy

4. perception; processing; action

Content Questions

1. Robots all have some kind of mechanical construction, a frame, form or shape designed

to achieve a particular task. Robots have electrical components which power and control
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the machinery. All robots contain some level of computer programming code.

2. Power source, actuation, sensing, manipulation, locomotion.
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