an adventure in robot technology
for students ages 7-17

by
Jerry Sommerville
Copyright 1995 J.8. Engineering
All rights reserved.



Overview
ROBOTECH: introduction to Robot Technology
What is s Robot?
Infroduction
Defining a Robot
The Difference between a Fobot and & Machine
Tasks for Robots
The Advaniage of 2 Robot over g Machine
The Advantage of a Machine over a Robot
The Anatomy of a Robot: A Comparison of g Robot to a Human Being
A Comparison of Robots in the Maedia vs. Robols in Reality
Self contained power
Yoice Recognition / Voice Generstion
Vision
Artificial intelligencs
Sense of touch
Legged and Whasled Locomotion

2. ROBOMOTION: Understanding Robot Motion through Computer Graphics
Types of Hobols
Rectangutar Coordinate Robots
Polar Coordinate Robots
Spherical Coordinate Robots
Jointad Arm ( or manlike) Hobotls
Robot Motions: Infroduction to ROBOMOTION softwars

3 ROBOTALK: Communication with a Robot.
Control of g Robot
Manual Condrol of 2 Robot
Teleoperation
Computer Confrol of a Robot
Programming a Robot

4. ROBOWORK: Giving Your Robot a Task to Do.
Real World Robot Applications:
Programming Robols to Solve Real World Problems
A Painting Robaot
A Tree Trimming Robot
A Fire Rescus Robot

5. ROBOQUEST / ROBOVIEW: Seeking Out Real Robots in Action
Robot Applicstions Field Trip,



ROBOTECH: Introduction to Robot Technology
What is a Robot?

BMan! | hate this Jobl. .,

Have you ever been so tired of doing vour chores that vou wished yvou could give them fo
someone elss” Do yvou ever get tired of doing the same rotten work over and over agein? Have
you aver wished you could just tell someone evervthing that vou need 1o have done In your vard,
50 that you can be free from hard work, Most of us have wished for such a worker 1o relieve us
from back-bregking or tedious and boring work.

Robots were designed to do back breaking work and fedious boring work that humans want to
avoid, In fact, the word robot comes from a Czechosiovakian word "robota” meaning forced labor
and & Bulgarian word "rabats” meaning manial labor. The word menial means

of or fit for servants. / ‘

A

Deafining a robot

Webster's dictionary defines a robot as “any manlike mechanical being built to do routine manual
work for human beings.”

Tools were made to do work and so were machines like tractors and washing machines. Tools
like a shovel require that some one uses them with their own hands fo dig & hole . Machines like
& tractor don't require & person’s hands o do the work, but @ person is needed o condrol the
tractor. Some careful attention is still needed o make sure the work is done correctly. Are tools
{like shovels) or machines (like fractors) robote? No.

The Difference between & Robot and g Hachine.

A machine is designed to do one specific thing over and over again. Here are some examples of
machines: a tractor, g dish washer, 8 vacuum cleaner, 3 garage door opsner, an automoblle,
bicycle, an asirplane, g jackhammer,.a computer printer.

A robot Is “mantike” in that it does a variety of different types of worle A dish washer cannot
vacuum the floor nor can 2 garage door opener be driven like a car, But 2 robot could do all of
these things, because men or women do these things. Robots are designed fo imitate humans.

Tasis for Robots

Today's robots cannot do much yard work, but they can be used to do variety of tasks humans
don't want fo do. Here are some examples of work humans avoid: Lifting heavy obiscts, painting
parts in g factory, putting parts together in a factory, welding parts fogether working in poisonous
fumes, working in high temperatures, working near rotating or dangerous machinery, working in
graas where high levsis of radigtion ars present.

When given these tasks humans complain, becoms fatigued, and get bored, and sometimes
become injured.

Robots are well suited to do twe kinds of jobs: 1) hazardous, dangerous jobs (whers humans
can be kilied or injured) and 2) Jobs that require you to do the same thing over and over again,
{repatitive jobs)



Although robots do take the jobs of some people, they normally eliminate jobs that humans
should have never been ask to do. Machines should perform as machines doing machine jobs,
and humans should be piaced In jobs that use their sbility | crestivity, and special skills.

Some people belisve using robots in factories is immoral because skilled workers are replaced
by machines and the workers are then not able to earm money (o fesd their families. What do you
think g company should do when a robot replaces a skilled factory worker | Should the worker
be laid off? or relrained to do something else 7 What do you think manufacturing companias
actusily do?

The Advantages of a Robot over 2 Machine.
i a manufaciurer wants to changs the way they make a parl, a complelly new machine must be

designad and assembled. This takes a lof of time and money. But the robot only has o be
taught or refrained to do the new fask. This takes less time and is relatively inexpensive.

The Advaniage of a Yachine over a Robot

Custom built machines have their place in doing work. Iif a company knows that a task or job will
rot change for many vears, like washing dishes or vacuuming the floor, the custom-built machine
is cheapsr and faster (o use.

The Anatomy of a Robot
What parts are used to make a robot? Since robots are designed to do tasks that humans do,

robots designs are often crude imitations of human body parts and functions. Let's compare the
parts of robot to the parts of 2 human,

Humans have: Hobots have:

brains compiter

8Y8s camera

nerves wires

veing hydraulic pneumatic, slectrical linss
heart pump, valves generator

bones metal or plasgtic members

hands manipulators

fost base

muscles hydraulic pneumaetic, electric powsr
sense of touch force sensors

forearm forearm

ayas pasition sensor

soffes breaks / rest down time

Note to Instructor, You may reavange the ghove listwhen placed onthe chslcboardorin g
class hand out. Challengs the students to match the parts / functions. Give assistances only when
NBCResary.

Hote the functions that gre not answered. St aside time to explain functions of humans or robod
that student have difficulty understanding.



A Comparison of Robots in the Media vs, Reality

Hedis Robots Bobots in Heality

Self contained power Tethered power (powsr chord)
artificis] intelligences

yoica recognition/ voice generation

vigion systems

whesled locomotion

legoed (walking) locomotion biped, quadruped hexapod, octopod
sense of touch

sense of balance

all of the sbovs in one robot
Star Wars Robots:R2D2, CP30. Robocop

Hote o the Instructor - fill in the right side on the chalk board  you read the information below fo
the class.

Sel Contained Power

Robots In the media appear to have sufficient power to move around all by themselves or
naegenaanty. i reaity, most robots are not vary mobile. That is they cannot go very far with out
being recharged or refueled. In many cases, the robots must be tied to a power source like a
vacuum cleaner must be plugged into a wall, Robots that must be "plugged” in are called
tethered robols,

The reason robots must be tetherad is the power systems or fuel tanks are too bulky and too
heavy o allow the robot to operate. Imagine i a robot had o carry 10 car batleries like golf cart
or g 20 gallon fusl fank iike 2 car.

Yolee Recognition ! Yolce Generation

TV robots  can hesr volcses when humans communicate with them and they speaik hack to
humans. Currently, most manufaciuring robots do not hear when humans speak (this is called
voice recogrition). Nor do they speak in a recognizable languags to the cperalor, Most
marufaciuring robots are mute and deal. Most robots speak to humans through filashing lights,
computer monitors, and warming tones. Some robot do have computer chips with voice
generation.

Yision
#edia robots have vision system that enable them o sse the ground in front of them fo make

decision about where they ars going, Some marufacturing robots, like pick 2 place robots, have
vision systems. Pick and place robots indentify parts on a moving conveyar belt and then



transfer them to another location. However, most robots are blind. They cannot see where they
are going 5o they sometimes crash into things If the operator is not careful.

Artificial intelligonce {Common Sense)

Media robots have artificial intelligence (common sense), that ig, they can make complex
decisions ali by themselves with out reprogramming. To reprogram a robot means fo give the
robot & "To do list” like your dad gives you before he goss fo work

Modem robots cannot change decisions or procedures without reprogramming. For example,
what i your dag told vou to reke the vard before he comeas home from work, When vou staried
raking the vard, the rake handle broke Into pieces. You would probably stop and make 2
decision. You might decide to go to the store, or o fix the handle, or 1o go play with your friends,
A robot would keey working, or just stop functioning. Most robots cannot maks decisions to fix
things or change plans without being fold in advance to do so.

A Sense of touch

Imagine picking up an egg with a pair of pliers, What would heppen? More than likely, the egg
would be crushed because it would be difficull to tell whether vou are applving too much force.
The sense touch is necessary to tell vour brain to ston squeezing so hard, Some robols can
"feal” or senss forces so they will not crush things.

Legoed and Wheeled Locomotion

WMedia Robots such as CP30 in the Star Wars movies, walk about with legged locomotion.
Others like R2DZ, move by wheeled locomotion. Some robots deliver mail to offices this way.
Most manufacturing robots ars fixed or stationary. They are fastened to the ground with many
bolis to keep them from falling over when they it heavy objects. The hydraulic systems for most
robots are (oo big to carry in most cases. The robof's brain (the computer is aiso sometimes too
big and too vulnerable to mechanical vibrations, What would happen o a computer if vou carried
it in & backpack while vou were plaving basketball with vour friends?

Iy addition, the distances that mobile or moving robot can travel is limited by the battery pack,
fusl tank, or pressurs vessel onboard the robot. I the power system is to small the robot will
only go short distances before running out of power. If the power system is o big the robot

becomes too heavy 10 go grest distances. How far could vou go with 2 battery and g fan motor

attached to your skateboard? How far could you go with a car engine and a fusl tank strapped ic
a bicycie frame, or & motoreyle frame?

ROBOMOTIOM: Understanding Robot Motion through Computer Graphics
The Typss of Robots

1) The Rectangulsr coordingte Bobot or Carlesian Coordinate Robot
2} The Polar Coordingte Robot

3} The Bgherical Coordinats Robot

43 The Joirted Arm t or Anthro rphic Robot
arihropomorphic means manlike. anthro- a3 In snthwopology - the study of man.



introduction to ROBOMOTION

ROBOMOTION is an interactive softwere program to illustrate the different robot types
described above . To utilize this software, tum on computer and go fo the DOS environment.
Gote the directory that containg the ROBOMOTION program and type REMOTION at the ©
prompt.

The ROBOMOTION main menu will appear on the soreen. Select the particular rebot type you
would like to simulate by selecting the <> for rectangular robot, <p> for polar robot, and <g>
for the Anthropomorphic (manlike) or jointed arm robot. The POIOMm ic fegtures 3
type movements of the arm. 1) sequential joint movement. 2) rectanguiar (xy) movement and 3)
polar movemaent (r.theta), These thres movements illustrate the versatility of the jointed arm with
inverse kinematics.

Inverse kinematics allows the user to dictate where the end of arm looling must be located by
choosing a path. A computer slgorithdm figures out how to make the robot follow the path the
user chooses,

When vou press one of the three keys listed above, the robot type  you selected will immediately
appear In this environment, only seven keyboard keys are active:

Four keys control the position of the robot manipulator UP <>, DOWRN-<bs> RIGHT -<h> and
LEFT ==,

One key marks the manipulator current position with g dot: <g>.

Two keys exit the current environment, <eexit to ROBOMOTION main menu, <Escrexit
ROBOMOTION program.

Summery of Keyboard Key functions:
<ESC> - Exit o DOS

I3
E %%@?5%
|
<t>
LET S 2 f> €D €5 e > "RIGHT™

/
mark location -<g> <b>
|
| "BOTTOM"
¥

<> - aXit to main meny
This software will be used fo simulate a robot in g working snvironment. Manua! conirol

{hezardous enviranments) and automeatic control {repetitive envirenments) of a robot will be
demonsirated. Students will be asked which robot is appropriate for selectad lasks.



ROBOTALK: Communication with a Robot.
Manual Control of g Robot

The earliest robots were controlled by & telecperator. A teleoperator is a device that allows the
robot to perform a task at 2 distance, A radio controlled girplans orcar is an example of a
tslecperator. The tslecperator operates the robot &t g distance away from danger,

The prefix "tele”  as in lefephone ,means remote or at g distance. Can you think of other words
with the same prefix or beginning? (telegraph, television, telescops. .}

When arobot is manuslily controlled | the operator uses his own brain and eves to help the
robet do work. This can sometime.be very difficult. See the Walking Truck photograph.

Wihy would anyone want (o conirol & robot with his / her hands? Manual condrol is used often in
hazardous environmenis because the operator mugt make complex decisions during ocperations,
i part became damaged while working in a2 nudlesr reactor, the robot without a an operator
would not consider gl of the dangers the damaged part will cause. The robot cannot be fold in
advance what to do because no one expected the part (o be damaged.

Sometimas people must do very dangerous work. Things like handling radio active wasts, or
sampling soil on ancther planst or sampling rocks in g volcano, are very dangerous. Hobots are
used in these sxamples. Robots used fo explore Mars because the journsy was too far for men
to travel and the erwvironment was too difficult for men to live in,

The computer software ROBOMOTION demonstrates the difficulty of teleoperstion. Each student

is to control the robot types to perform the following tasks. Once completed, each student is to
rank the performance of each robot for each task as time permits.

Manual Robot Control Tasks Robot Type:

124 P A
Make 2 horizontal lins, ¥ i 0
Make a vertical line. 0 o {1
Make a square, 0 o 0
Maks 2 large arch o { N
Make & small arch o 0 i
Make the first letler of your O 0 £
name.
bhoke 2 smiley face 0 0 0

Computer Control of Hobols



Some robots can be controlled by teaching them. To teach a robot, the operator moves the robot
over a Qa%"i cular ﬁa‘{h and the robotl's sensors send a smﬂai to the memory of the robot to

"eamermber’ the | ;@ At angles or positions that it went %&fﬁg@ﬁ te follow the s&%ﬁ of the sperator.

Programming a Rebot

A robot s programmed by pulting a "o do” st in the computer's memory. The "o do' list is

called software, Software is usually entered by & kevboard, much like typing a letteron a
computer, Programming is best done in an organized structured way, in the same way you write
a report in English class.

Steps to program a robot to work

1} Visuslize the robots movements to do the work

2} Bresk up the work to be done into separate steps.

3} Write down the sieps in vour own langusgs.

43 Write down the steps in the robot's language.

8} Test your robot program.

8} Diebug vour robot program.

7y Bun your robot program {o do the work it was design to do.

ROBOWORK: Giving Your Robot a Task to Do.

A Painting Robot

You have been given ons day to paint parking space lines in a black top parking lot. You want to
avoid painting these lines by hand because i would take too long. Describe which type robot you
would use to do the job and why, Would you use a paint brush and a bucket of paint as the end
of arm tooling or a paint sprayer? Use ROBOMOTION to show how you would program your
robot to paint the parking ot lineg. Will vour robot operate automatically orwill it nead g
teleapsrator to condrol it? Draw & picture of your robot working.

A Tree Trimming Robot
You have been given a job to trim some 80R. tall palm trees at the Hilton hotel, What kind of
robot would yvou use to do this job. Tell why vou believe the robot design you chose is the best
one. Remember you wani (o avold pulling 8 human at risk by makmg him climb the ree. You
aiso donct want to risk the person falling to the ground from 801t up in the air. What special end
of arm tooling would vou use fo cut these trees? Hints: What would vou use to see? What would
vou uge to cut? Uss ROBOMOTION io show how you would perform the tree trimming cperation.
Uraw a picture of vour fres trimming robot,

A Fire Rescue Robot -

You have an assignment to design g fire rescue robot that will pull people from burning bulidings.
Fire truck ladders are now used o perform this task. Can you design a robot that will do g betier
iob of rescuing people? What kind of end of arm fooling would vou use o grab people and vet
not crush them, Use ROBOMOTION to show how vou would perform vour rescue operation.
YWhat type of robot would vou use and why? Teach vour robot to rescue people from burming
buildings and place them safely to the ground. Be sure your robot does not wait too long after
heiping fire victims because ofhers may still be frapped inside, Which firs victims would yvou get
first?

Would vou get vour mom and dad first 7 Or would vou go to wherever the fire is hottest? How
will vour robot look for fire victims?

Will it be programmed fo operate automstically or will & teleoperator contrel your robot?



Draw g picturs of vour robot,

ROBOQUEST / ROBOVIEW: Seeking Out Real Robots in Action
Robot Applications Fleld Trip.




