ROBOTS: Machines On the Move

he first known use of the term “robot” was by Czech

playwright Karel Capek, who wrote a play in 1920
called R.U.R.: Rossum’s Universal Robots. Capek used the
Czech word “robot,” which means “worker” or “laborer,”
to describe the mechanical slaves portrayed in his play.

While robots were a mere curiosity in the late 1930s, they
are an integral part of our daily lives today. Some robots
are simple, such as the automatic sprinkler system in many
people’s lawns. Others are more complex, such as the
factory robots used to assemble cars or the robotic

explorers NASA has sent to Mars.

The first publicly displayed robots were “Elektro” and his

trusty mechanical dog “Sparko,” who were highlighted at
the 1939 World’s Fair in New York City. Elektro could
dance and recite a handful of words, while Sparko would

happily bark alongside him.

Simple or complex, all robots obey the same principles
and are designed using the same process. In this unit,
students will learn what goes into a robot and the

engineering design process used to create them.

ROBOTS IN POPULAR CULTURE

Robots, and particularly intelligent
robots, have long been a staple of
science-fiction stories. Robots have
been given a range of personalities,
from the relentless destroyer of

The Terminator to the loyal R2-D2
and C-3PO of Star Wars. In the 1940s
and 1950s, Issac Asimov wrote the

I, Robot series, which featured
intelligent robots as main characters.
Dr. Asimov created for his tales the
“Three Laws of Robotics,” which all
robots in his world were programmed
to obey.

Asimov’s Three Laws
of Robotics

1. No robot shall ever harm a
human, or through inaction allow
a human to come to harm.

2. Arobot shall always follow the
orders of humans, unless those
orders conflict with the first law.

3. Arobot shall prevent itself from
being harmed, unless doing so
would conflict with the first
two laws.

These laws conflicted in some
surprisingly complex ways, which
turned Asimov’s tales into wonderful

detective stories, as the protagonist tried
to figure out how a robot’s seemingly
bizarre behavior could be explained by
the Three Laws of Robotics. These
stories are still in print and would

make an excellent cross-curricular
introduction to the topic.
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ROBOTS IN THE REAL WORLD

Unlike in science fiction, robots in the
real world rarely resemble human
beings. Walking, while learned naturally
by every young child, is a surprisingly
difficult skill. Robots, with their less-

than-precise sensors and motors,
have a great deal more trouble
mastering this task. Fortunately,
robots rarely need to walk. Many
robots never move from the location
where they were installed!

Although research is underway to give
robots artifical intelligence and “fuzzy
logic” capabilities, most real robots
do not have the intelligence displayed
by the robots of films. In most cases,
a high degree of intelligence isn't a
requirement for the task the robot
must perform. Once taught the steps
needed to carry out the job, the robot
can simply perform those steps over
and over, relying on its human
controllers to step in when a
problem arises.

Some robots must operate in
hazardous environments or in
environments where humans cannot
directly interact with them. In these
cases, the robot must have much more
decision-making power so that it can
respond to its environment and to
unforeseen circumstances. Classic
examples of this case are NASA’s
robotic explorers to Mars. Sending
out a repair person simply isn’t an
option when the machine is over a
100 million kilometers (~80 million
miles) away!
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The Engineering Design Process

he engineering design process involves a lot more only done as the final stage. Engineers complete the

than assembling components into a final product, no  design process long before they shape the first piece of
matter if that product is a highway bridge, a robot- steel. The design process involves the following steps,
controlled assembly line, or a rover on the surface of which ensure that the goals of the project are balanced

Mars. Assembly is only a small part of the process and is  with the constraints (limitations) placed on the design.
|

PROBLEM

Clearly identify
the problem

REVISIONS

Revise and re-test
as needed or
re-evaluate the goals

CONSTRAINTS

Identify constraints on the
solution to the problem

SUBSYSTEM DESIGN

SUBSYSTEM TESTS

Design a prototype
of each subsystem
in the product

Test and evaluate
the prototype of
each subsystem

REQUIREMENTS

Identify the
requirements the
design must meet
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When designing a robot, some engineers first consider the In the activities that follow, students will be exposed to each
constraints that they will face. Others start with a clear phase in the design process as they design a robotic mission
statement of what the customer wants the robot to achieve. to the red planet. The activities have been written for

Other engineers start with an existing system and adapt or students in grades 5-12, with extensions for students at each
modify it to fit the current problem. No matter where the end of that range in each lesson plan. Additionally, each
engineer begins in the design process, he or she must still lesson contains extensions for teachers who have access to
address each aspect. It is very important for engineers to more “high-tech” materials such as commercial robotics kits.
document every phase of the process so that when the time All of these activities have been designed to be flexible
comes to begin constuction, the engineer can be confident enough to fit your needs. Please feel free to modify and

that the design will work to everyone’s satisfaction. customize them as you see fit!
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