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Man’s Best Mechanical Friend

Robots. That simple word—born of the 20t Century—has evoked many different emo-
tional responses through the last few decades. From simple assistant to slave to evil
persona to cute and cuddly sidekick for comic relief, robots (or at least the concept of
“mechanical men”) have been with us for almost as long as we have been “civilized.’

We talk about robots, but what exactly /s a robot? Most (if not all) of us profess to rec-
ognizing one when we see it, but can we come up with a definition that fits the bill?
Let's start with some of the very obvious characteristics.

Robots move. Does that include, say, a puppet? Most everybody would say “no.” Why?
Is it because puppets are made from cloth or wood instead of metal? What if | built
John lovine’s BEAM-style robot (featured in this month's “Amazing Science” column)
out of wood instead of metal and used an “air muscle” (from John’s November 2000
column) on a crank for propulsion? Is it any less a robot if | don't use any metal?

Another “anti-puppet” argument might be because their animation comes from a
human hand instead of an electric motor. Should that include clockwork-driven
automatons (whose history goes back at least to the 18~ Century)? That energy
source can obviously be attributed to direct human effort. In a more modern vein, what
about the BattleBots, whose weekly tournaments of mechanical death and destruction
are seen across the globe on the Comedy Central cable network? The general name
notwithstanding, are those “radio-controlled-cars-on-steroids” reafly robots?

The BattleBots illustrate another interesting point about robots: going places too dan-
gerous for Man to tread, although, in a “sense” (pun intended), the operator is right
there in the thick of it along with his mechanical “beastie”—extending our senses and
presence into that “robot's Hell.” NASA has been doing just that—extending our pres-
ence in space through “telepresence”™—for a couple of decades.

Unfortunately, I'm limited by the amount of space allotted to my ramblings. Defining
“what is a robot” is probably impossible to do in two-thirds of a page. I'm sure that there
are entire books on the subject. The whole discussion makes me think about studying
the “definition of life” back in high school. Science has some set criteria for determin-
ing what life is. It always amuses me whenever a mechanical contrivance meets anoth-
er item on the “meaning-of-life” checklist. Scientists usually up the ante by refining the
offending definition; we don't want to admit just anything to our private party! Of course,
we've also found organisms at the bottom of the ocean, miles from light or oxygen, but
happily digesting sulfurous compounds spewing from seamounts and other cracks in
the Earth’s crust while grooving on the near-boiling-point temperatures. Such organ-
isms do not fit the traditional rules for determining “is it alive,” yet they are undeniably
doing just that—living.

Trying to keep Man’s inventions out while admitting the most outlandish biological cre-
ations of Nature makes the balancing act more difficult all the time. | can't wait to see
what happens when we finally meet up with some bonafide extraterrestrial organism
that forces us to rewrite the rulebook yet again.

What do you think a robot is?

Joseph Suda

Managing Editor
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Battiehats Inspiration

I have been watching Battlebots and was
amazed at the ingenuity it takes to create
these little metallic monsters. I was quite
surprised to find that the “Net Watch” col-
umn in the January 2001 issue was dis-
cussing the designs of these metal-wreck-
ing machines. There is plenty that goes in
the creation of these Battlebots, as they use
whiskers for sensing if something is near, in
addition to the Piezo Bar Collision
Detector. Most incredible!

Thank you for this great informa-
tion. I was thinking of modifying my
R.AD. 2.0 Robot and Mega-Byte for
the next Battlebot tournament, and your
article gives me the inspiration!
JASON RANDALL PORTER

via e-mail

...and Puzlement

In reference to your January 2001
“Net Watch, is there any specific reason
why Battlebots is only aired on Comedy
Central? One wonders.....

(Actually reminds me of pre-Net
days when 99% of PC usage was devot-
ed to playing video games.

SKIP CAMPISI
Fackson, N

Here is the skinny on why BattleBots
is only shown on Comedy Central.
BattleBots is actually part of BattleBots,
Inc. Comedy Central owns rights for
televising BattleBots competitions.
You'll notice a “Comedy Central Presents”
header whenever the television show is
mentioned at the BattleBots Homepage
(www.battlebots.com). For more informa-
tion, e-mail info@battlebots.com or con-
tact the main office at BattleBots Inc.
701 De Long Ave., Unit K, Novato, CA
94947, 415-898-7522.

CHRIS LA MORTE

Temperature Gonversion
Techniques

I am writing to comment on the let-
ter entitled “Metric Temperature
Conversions” in the “Letters” column in
the January 2001 issue of Poptronics.

The year has been a trying one for

mathematics, first with the Y2K prob-
lem, and later with the election count-
ing; but I never thought the new math
(including fuzzy math) would catch up
with temperature conversions. Somewhere,
somehow, someone has done Mr. Love a
disservice, and I hope it wasn’t his college.

In the first equation, it always worked
better for me if I enclosed the first term
in brackets:

(F-32)/1.8 =C

In the example showing the conver-
sion of the freezing point of water from
212° to 0°, a couple of things seem to go
astray, or is this another post-election go
at changing the rules? Since this was not
your April issue, I know I have to take
your material seriously, but this is get-
ting a little hard. I hope you plan to
expand on this.

ROBERT G. WILLIAMSON

via e-mail

KEEP IN TOUCH

We appreciate letters from our
readers. Comments, suggestions,
questions, bougquets, or brickbats ...
we want to hear from you and find
out what you like and what you dis-
lilke. If there are projects you want to
see or articles you want to submit—
we want to know about them.

You can write via snail mail to:

Letters

Poptronics

275-G Marcus Bivd.
Hauppauge, NY 11788

Sending letters to our subscrip-
tion address Increases the time it
takes to respond to your letters, as
the mail is forwarded to our editorial
offices.

Qur e-mail address can be found
at the top of the column,

Of course, e-mail is fast.

All of our columnists can be
reached through the e-mail address-
o5 al the head of each column.

And don't farget to visit our Web
site: wwwi gernsback.com.

George T. Love needs to go back to
college, and this time pay attention. Air
pressure has nothing to do with the con-
version between Fahrenheit and Celsius.
It only affects the boiling and freezing
points of water. The formulas to convert
are the same no matter what the pres-
sure. Also, he claims his conversion
method avoids fractions. Then what is
32/1.8 in his formula?

WHITHAM D. REEVE
via e-mail

I've been reading Poptronics since
the Carl and Jerry days (AKA the 50s)
and still really enjoy it! Here’s a VERY
easy way to do approximate metric tem-
perature conversions. You can DEFI-
NITELY do these in your head:

F=CX2+30
C=(F-30)/2

The results are accurate within a cou-
ple of degrees for temperatures you’d
want to spend any time in.

BILL ENGLANDER

via e-matl

[We got many letters and e-mails on this
subject. It appears that there’s more than one
way to do metric conversions. Although space
prevents us from publishing all the letters,
we would like to thank those who took the
time to write, including Chuck Gauder,
Roger Hamel, Horace Smith, and Felix
Wolfe—Editor]

Mare Practical Projects

I agree with many of the points that
Mr. Weitzenhoffer made in his letter in
the January 2001 issue. I have subscribed
to electronics magazines since getting
out of the Navy after WWIL. I still have
the first three editions of Popular
Electronics (Oct.,, Nov.,, and Dec.
1954). I must say I enjoyed them more
than I do now.

Like other magazines, advertising
takes up most of the magazine space
now. And many of the circuits aren’t
practical home projects.

The “Amazing Science” column in
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the March 2000 issue featured a simple
Geiger counter. After WWII, when prospect-
ing for uranium was at its peak, there was a
super simple Geiger counter circuit powered
byasingle D or Ccell. I'still have mine, which
is packaged in a plastic sandwich box.

The circuit consisted of a 1B85 Geiger
tube, a 3.5M resister, eight .0lmF ceramic
high voltage capacitors in parallel, a micro
switch, .002 mF capacitor, two 6-32 screws
sharpened to points (to make a spark- gap
rectifier), phone jack, and a small tube-
radio audio-output transformer. I carried a
surplus WWII aircraft switch that had the
radium button in the handle to use as a
source of radiation. It was used to check
when I had enough voltage “clicked” up to
fire the tube, at which point the frying
sound was picked up in headphones. Now,
that was a practical project.

RAYMOND E. VERSAW
via e-mail

Information on Vintage
Radios/Test Equipment

In “Have and Needs” in the January
issue, a reader is looking for information
on a piece of General Radio test equip-
ment. Very recently these manuals were
available from their successor (whose name
escapes me). However, the important thing
is that at least two monthly magazines sup-
port vintage equipment sources in their
ads (Antique Radio Classified and Nuts and
Volts). There are also the vintage radio
associations, such an Antique Wireless
Association, of which I have been a mem-
ber for 29 years.

I have a very large library on
antique/vintage radio and some on test
equipment (like a General Radio service
manual from the 1940s.) No one has
everything, but I will respond to every-
one who sends e-mail or a letter request
with SASE.

GARY MICANEK
226 Henry Ave.
Manchester, MO 63011

Complete URLS Revisited

Your December 2000 issue had sever-
al letters under the heading “Complete
URLs,” in which the writers discuss
their browser requiring http:// to visit a
Web site. I'm not aware of the older fea-
tures of other browsers, but the current
Microsoft IE V. 5.50 does not require
the http:// or, when using the shortcut
below, any of the typical add-ons to a
.com Web address.

To use the shortcut, click anywhere in
the address box (so the existing address
gets highlighted) and type in the site’s
name: yahoo, for example. Then press
‘CTRL + ‘Enter’ and the browser com-
pletes everything: brtp://www.yakboo.com.

Do you (or your readers) know how
to do that with .ORG, .GOV, or other
standard extensions? Using Alt or Shift
+ Enter doesn’t seem to do anything.
JIM MORGAN

via e-mail

[ think we all know how the mainline
browsers (Netscape and IE) fill in the bttp://
Sor you. The www prefix and suffix auto fill-
in was a more recent “feature” (after about
1996 or so, depending on the software) that
some Web sites took advantage of. For exam-
ple, if you wanted to visit the White House’s
Web site (www.whitehouse.gov) and typed
“whitehouse,” the 3.x and 4.x versions of
certain  browsers would fill in the

bttp:/fwww. and start trying the various
suffixes. Unfortunately, the .com suffix was
the first one tried. Please don't try that vari-
ation if you are of a sensitive nature—it’s a
porno site! That’s a prime example of why
having software do your thinking for you is
not necessarily a “good thing.”

Incidentally, with all the discussion over
Web browsers and auto-completion of URLs,
DI'm surprised that mo one has mentioned
Amaya, the browser that the W3C uses to
test new Web technologies and HTML
extensions.—FEditor.]

We Get Letters

“Danger, Will Robinson, Danger!”
In the December “Letters” column,
Tony Patd had said “...once you hook
the LAN up to the Internet, you have a
huge new set of security issues. This
problem should have been greatly
stressed.”

Ted Needleman replied, “I'm one of
those poor souls who can’t get a connec-
tion to the Net that runs faster than 28K
at best, so I don’t always think in
Broadband terms. Also, because of the
length constraints of these columns, I
just can’t cover all of the relevant bases.”

This is a very dangerous misunder-
standing of Internet security by Ted, and
one that will mislead many of his readers
who will rely on his expertise. Tony was
quite correct: once you connect to the
Internet, horrendous security issues arise
for everyone, not just broadband users.
Therefore, security should indeed always
be greatly stressed as the number one
issue, not only if space happens to allow!

Case in point: Three years ago I
switched from an obscure method
(“dip”) I had used since the early 90s to
connect to the Internet to the widely
used standard “PPP” method of con-
necting to an ISPN—but still at a mere
28.8 bps connection speed.

Within a week, my home Linux sys-
tem had been cracked wide open. I dis-
covered a bad guy who was in the
process of installing a suite of software
to use to maintain control of MY system
and to run an IRC server to use to talk to
his buddies!

Thinking that Internet security is an
obscure advanced topic that doesn’t real-
ly apply to the average person is an atti-
tude similar to those people you see
smoking cigarettes while pumping gas.
Sure, you might get lucky for a long
time; but you can’t count on such luck;

(Continued on page 42)
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Sumo Robot

The super warrior,

Sumo Robot, is a % 17141 Kingsvicw Ave. §
beginner’s robot kit S, Carsgn, CA 90745 &
that requires no fo, 310-515-6800) s’@
soldering. Moving J'e,% AL awreor. core Q,GM“

on its two tractor-
style wheels, it can
be controlled t
assail and overpower
its opponent or
retreat to prepare  cjpcLE 60 ON FREE INFORMATION CARD
for battle.

The robot emits an infrared sensor beam when detecting
an opponent. Upon detection, it instructs the robot’s brain
o “charge,” creating a bona fide wrestling match with
another Sumo robot. Users can have their own mini-battle-
bots competition, be the referee (gyoji), and decide who the
grand champion (yokozuna) will be.

The Sumo Robot sells for $49.95.

L3
%8 fouy robotic kits for out

Spider 1Ml

Spider I1I is the third
generation of this
particular robot, offer-
ing advanced design
and technology. Meant
for the intermediate
designer, this green
and white “insect,”
which also does not

CIRCLE 61 . .
ON FREE INFORMATION CARD require soldering, has

a radical walking
style with three legs on each side.

Hyper ROBETHKITTEIION 1 o eermins i shre r ovmacem s

by the use of reflection. It then sends command signals in
the form of electronic pulses to alter the rotating direction
of its motor to evade these obstacles.

Spider III sells for $59.95.

LineTracker §

Looking like a creature

from another planet, this

cyber bug possesses a %
sonic tracking system. &

Requiring soldering and ' -
meant for the advanced CIRCLE 62 ON FREE |NFORMAT|ON CARD

builder, the Hyper Line Tracker is equipped with a multitude of sensors. The phototransistors detect a black line; the tracking
memory remembers its last track, and two red LEDs flash to show which side of the light sensor is activated.

The Tracker follows a course of your own design. Make a path with a black felt marker or black tape and watch how light
sensors enable the robot’s motors to make course corrections. By using a light emitter, light sensor circuitry, and tracking mem-

ory, it demonstrates how robots “see” a pathway.
The Hyper Line Tracker sells for $59.95.

RocKit Robot

Appropriate for ages 10 and up, this informative and entertaining robot kit allows bud-
ding robot builders to explore the fundamentals of robotics. RocKit Robot is an intelligent
robot with a touch/sound sensor. If it comes in contact with an object or hears a loud
noise (such as hands clapping), RocKit Robot automatically reverses and then turns left
before embarking on a new course.
Requiring only basic hand tools, the kit contains complete step-by-step instructions, a pre-
assembled printed circuit board, a condenser microphone, and an easy-to-assemble mechani-

czl drive system.
The RocKit Robot sells for $24.95.

CIRCLE 63 ON FREE INFORMATION CARD
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Software Diagnostics Tool
BREAKOUT IS A SOFTWARE SERI-
al diagnostics tool that allows users to
easily debug two-way serial communica-
tions. With this software, you can turn
any PC or laptop with two serial ports
into a serial breakout box (serial-line
analyzer). You can check any data that is
sent or received through a RS232 serial
cable between any two devices or com-
puters—a good way to troubleshoot
your PC-controlled robot. Designed for
Windows 95, 98, 2000, and NT, this
program can also be used as a simple ter-
minal to display data received on a single
serial port.

Breakout shows you every character that
is being sent or received over the serial line—
including every binary, hex, or ASCII char-
acter. It will also count characters and allow
you to analyze the structure of the data.

You can download Breakout for free
from the taltech.com’ Free Software page
and use it on as many PCs as you want.
TAL TECHNOLOGIES, INC.

2027 Wallace St.
Philadelphia, PA 19130-3221
800-722-6004 or 215-763-7900
www.taltech.com

CIRCLE 64 ON FREE INFORMATION CARD

Single:-Ghiannel A/D Converter

THE AK5370 16-BIT SINGI - HANNEL
A/D Converter combines advanced audio
technology with a built-in USB interface
for microphones on a single chip. All of
the functions essential for a USB micro-
phone—USB transceiver and program-
mable gain amplifier (with a range of
+20 to —58 dB in 1 dB steps), control-
lable-from-the-host USB audio-class-
command processing circuits, FIFO for
isochronous transfer, and microphone
bias control circuit, etc.—are on the
chip. As a result of the high level of inte-
gration, there’s no need for an external
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ROM or for a microprocessor, reducing
the number of external components,
lowering the cost, and decreasing the
area required for installation. This chip
could be quite useful for adding listen-
ing capability to your robot.

Other features include Mute/Volume,
sampling frequency control, and ACG
pin for external control; variable pre-
amp; support for five sampling frequen-
cies; bias control circuit; and operating
power of 3.3 volts.

The AK5370 16-bit Single-Channel
A/D Converter sells for $14.32 in single
quantities.

AKM SEMICONDUCTOR, INC.
2001 Gateway Place, Suite 650 West
San Fose, CA 95110

408-436-8580

www.akm.com

MEASUREMENT COMPUTING
16 Commerce Bhd.

Middleboro, MA 02346

508-946-5100
WWW.EASUTeTHENLCOMPULInG. com

Plug-and-Play Sysiem

PROVIDING EIGHT ISOLATED AC
or DC inputs and eight electromechani-
cal relays in a single USB-compatible
system, the Switch & Sense 8 is both
powerful and easy to use. The inputs
monitor 24 volts AC or DC inputs,
while the output relays provide 6-amp
outputs at 120 volts AC or 28 volts DC.
With its multiple outputs and feedback
through its inputs, the device could be
use to remotely control a distant robot
through a PC—teleoperation.
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Housed in a rugged, steel case, the
system allows users to quickly add digi-
tal /O abilides to any USB-equipped
PC. With no switches or jumpers on the
board, the Switch & Sense 8 is com-
pletely plug-and-play. All software nec-
essary to read the inputs and configure,
test, and control the outputs is included.

The Switch & Sense 8 sells for $299.

Stand-Alone Sound Board

TOTALLY SELF-CONTAINED ON A
4.2- by 4.2-inch circuit board, the
DM?2208A4 digital sound board can play
back up to 128 sound files stored in
EPROM memory chips. Standard
Windows WAV files are supported.
When using the 6-kHz sampling rate,
up to 11 minutes of sound can be stored.
One application would be to create a
.WAYV file on the computer, download it
to the board, and use the board in your
robot to make announcements.
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Playbacks can be activated by either
contact closures or logic pulses. The
built-in power amplifier can deliver 1-
watt output directly into a speaker. The
DM2208A eliminates the need for signal
reprocessing.

‘The DM2208A sells for $48 in single
quantities.

ELETECH ELECTRONICS
16019 Kaplan Ave.

Industry, CA 91744
626-333-6394

www.eletech.com

Data Acquisition Module

IN A CASE ONLY SLIGHTLY LARG-
er than a matchbox, the ADC-11/12
connects to the parallel port of a desktop
or a laptop PC. It provides 11 channels
of analog input, and it gives 1-part-in
4096 accuracy without needing a power
supply.

Just load the included Picolog soft-
ware and immediately record at 10,000
samples/second. When used with the
included Picoscope software, the module
offers all the functions of an oscilloscope

(Continued on page 66)



More advanced Robotics with
Lego® Mindstorms™

by Robert Penfold

CLAGGK, Inc.

PO. Box 12162

Hauppauge, NY 11788

631-592-6721

$19.99 plus S&H

This book shows the reader how to extend
the capabilities of the LEGO MIND-
STORMS Robotic Invention System
(RIS) by using LEGO® accessories and
some simple home-constructed units.
Vision Command is also covered, which
can enable your robots to “see” and
respond accordingly. Additional types of
sensors are explored, including rotation,
light, temperature, sound, and ultrasonic.

Lege® Mingdslorms

y

Detailed building instructions are
provided for the robots, among which
are rover vehicles, a virtual pet, and a
robot arm. Control software for all the
robots is included, together with
detailed explanations of how these pro-
grams operate.

tures fascinating science tidbits, field-
tested projects, and modular organiza-
tion to make it easy for readers to invent
and build their own designs. Every
chapter has been revised and nine new
chapters have been added. The book has
everything the builder needs to get start-
ed in robotics including: where to get
the parts; how much they cost; working
with plastic, wood, and metal; and avoid-
ing common mistakes.

L O EOA PR AR

SCCOME EATTIER

There are over 99 experiments that
can be used in different combinations to
create a wide variety of robots. The
author gives electronics hobbyists fully
illustrated plans for 11 complete robots,
as well as all new coverage of Robotix-
based robots, LEGO TECHNIC-based
robots, and functionoids with LEGO
MINDSTORMS. Among these robots are
a Minibot, Scooterbot, Roverbot, Six-
Legged Walking Robot, and a Lightbot.

The Robot Builder's Bonanzs,
2 Edition

by Gordon McCormb

McGraw-Hill

2 Penn Plaza, 1 215 Floor

New York, NY 10121

800-2MCGRAW
www.books.megraw-hill.com

$24.95

This updated edition of our columnist
Gordon McComb’s popular book fea-

Dave Baum's Definitive Guide to
LEGO® MINDSTORMS™

by Dave Baum

Apress

901 Grayson St., Suite 204

Berkeley, CA 94710

1-800-SPRINGER

WWW.APYESS.CoTH

$24.95

Inventing a robot from the ground up
can be quite challenging. The author
provides step-by-step instructions for
building and creating an assortment of
14 sample robots. He also teaches readers
how to program LEGO MINDSTORMS

Trom e [oraches af $00

Dave Baum

Dave Eaum's
DEFINITIVE GUIDE TQ

robots using the system’s RCX code or
his own specially developed program-
ming language Not Quite C (NQC).

The included CD-ROM contains
sample programs in RCX and NQC,
complete versions of several NQC-
based develapment tools, and a preview
of LEGO ROBOLAB.

Extreme Mindstorms: An Advanced
Guide to LEGO® MINDSTORMS™

by Dave Baum, Michael Gasperi,
Ralph Hempel, and Luis Villa
Apress

901 Grayson St., Suite 204
Berkeley, CA 94710
1-800-SPRINGER
WWW.APTess.com

$29.95

)
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Starting with an overview of the RCX
firmware and a whole chapter on the
new RCX 2.0, this advanced guide con-

(Continued on page 60)
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A LOOK AT

TOMORROW'’S TECHNOLOGY

Business Buz

IMPROVED CRANE SAFETY

~ VenturCom, Inc. and SK Group S.A.
(Nice, France) have partnered to provide
software that integrates radio, Internet,
and real-time control technology to pre-
vent crane collisions at building sites. SK
Group's IP Cr@ne relies on VenturCom’s
-RTX real-time extension for Windows NT
Embedded and Windows NT/2000 to col-
lect data on the location of other cranes or
obstacles on a site, and then transmit that
data in real-time via radio frequency to a

PC installed within each crane. If a colli- |

sion is imminent, IP Cr@ne automatically
manages the motion of one or more
cranes to prevent a crash. The crane-con-
trol system offers Internet connectivity, as
well as live video conferencing, allowing
crane operators to communicate across a
 site.

WE'VE GOT YOUR PRINTS
Philips Aat Display Systems (FDS)

recently began volume production of a

fingerprint-recognition sensor. This bio-
metric-based security solution couples
Phitips FDS’ flat displays with patented
TactileSense technology from Who?Vision
Systems, Inc. to create a thin, extremely
- compact sensor no larger than a postage
stamp and less than %-inch thick. Without
the need for a light source, the Tactile-
Sense polymer generates an image of the
fingerprint patterns, identifying the unique
individual characteristics. The first appli-
cation for the sensor will be integrated
within Who?Vision's e-thenticator MS
3000 PC card to provide security for any
' network-connected device.

INCREASED STORAGE

Solid-State Flash Disk Modules from
Simple Technology were recently intro-
duced into the embedded mass data stor-
age market. The miniature footprint of the
Flash Disk Modules allows these prod-
ucts to be used as components in embed-
ded systems, replacing or augmenting
conventional IDE hard disk drives. The
modules are available in 40-pin (similar in
function to 2.5-inch hard disk drives), 44-
pin (similar in function to 3.5-inch disk
' drives), and standard 144-pin SoDIMMs.
Intended to plug directly into the existing
IDE connector style, the modules do not
-require any modification to the software,
and they have a capacity of up to 1 GB of
storage.

Mind Over Matter

M aking things move by mind power
alone has long been a popular
dream. Its been a staple of science fic-
tion and fantasy in novels and on the
screen. Now, researchers are beginning
to make the dream into a reality.

Duke University Medical Center
researchers and their colleagues have
tested a neural system on monkeys that
enabled the animals to use their brain
signals, as detected by implanted elec-
trodes, to control a robot arm to reach
for a piece of food. The scientists even
transmitted the brain signals over the
Internet, remotely controlling a robot
arm 600 miles away.

“It was an amazing sight to see the
robot in my lab move, knowing that it
was being driven by signals from a mon-
key brain at Duke. It was as if the mon-
key had a 600-mile-long virtual arm,”
stated Mandayam Srinivasan, director of
the MIT Laboratory for Human and
Machine Haptics and one of the co-
authors of the paper.

Wiring the Brain

In an article in the Nov. 16, 2000,
Nature, Miguel Nicolelis, associate pro-
fessor of neurobiology, and his col-
leagues described how they tested their
system on two owl monkeys—implanti-
ng arrays of as many as 96 electrodes,
each less than the diameter of a human
hair, into the monkeys’ brains.

The technique they used, called
“multi-neuron population recordings”
was developed by co-author John
Chapin, who is at the State University of
New York Health Science Center, and
Nicolelis. It allows large numbers of sin-
gle neurons to be recorded separately,
and then combines their information
using a computer-coding algorithm.

In addition to Nicolelis, Srinivasan,
and Chapin, other co-authors of the
paper were, from Duke, Johan Wessberg,
Christopher Stambaugh, Jerald Kralik,
Pamela Beck, and Mark Laubach; and
from MIT, Jung Kim and James Biggs.

Duke University neurobiologist Miguel
Nicolelis cradles one of the two owl mon-
keys whose brain signals were transmitted
over the Internet, remotely controling a
robot arm 600 miles away at MIT's
Laboratory for Human and Machine
Haptics.

The scientists’ work is supported by the
National Institutes of Health, National
Science Foundation, Defense Advanced
Research Projects Agency, and the
Office of Naval Research.

The scientists implanted the elec-
trodes in multiple regions of the brain’s
cortex, including the motor cortex from
which movement is controlled. They
then recorded the output of these elec-
trodes as the animals learned reaching
tasks, including reaching for small pieces
of food.

Next, they fed the mass of neural sig-
nal data generated during many repeti-
tions of these tasks into a computer,
which analyzed the brain signals to
determine whether it was possible to
predict the trajectory of the monkey’s
hand from the signals. In this analysis,



the scientists used simple mathematical
methods to predict hand trajectories in
real-time as the monkeys learned to
make different types of hand movements
while reaching for food.

Multiple Brain Signals

“We found two amazing things, both
in earlier rat studies and in our new
studies on these primates. One is that
the brain signals denoting hand trajecto-
ry show up simultaneously in all the cor-
tical areas we measured. This finding has
important implications for the theory of
brain coding, which holds that informa-
tion about trajectory is distributed really
over large territories in each of these
areas—even though the information is
slightly different in each area, said
Nicolelis

“The second remarkable finding is
that the functional unit in such process-
ing does not seem to be a single neu-
ron,” Nicolelis added. “Even the best
single-neuron predictor in our samples
still could not perform as well as an
analysis of a population of neurons. So,
this provides further support to the icea
that the brain very likely relies on huge
populations of peurons distributed
across many areas in a dynamic way to
encode behavior.

“This system also offers a new para-
digm to study basic questions of how the
brain encodes information. For example,
now that we’ve used brain signals to con-
trol an artificial arm, we can progress to
experiments in which we change the
properties of the arm or provide visual or
tactile feedback to the animal, and explore
how the brain adapts to it. Understanding
such adaptation will allow us to make
inferences about how the brain normally
encodes information.”

Computer Control

Once the scientists demonstratad
that the computer analysis could reliably
predict hand trajectory from brain signal
patterns, they then used the brain signals
from the monkeys—as processed by the
computer—to allow the animals to con-
trol a robot arm moving in three dimen-

sions. They even tested whether the sig-
nals could be transmitted over a stan-
dard Internet connection, controlling a
similar arm in MIT’ Laboratory for
Human and Machine Haptics—infor-
mally known as the Touch Lab
|brtp:/rtouchlab.mit.edu/].

Srinivasan of MIT said, “When we
initially conceived the idea of using
monkey brain signals to control a distant
robot across the Internet, we were not
sure how variable delays in signal trans-
mission would affect the ontcome. Even
with a standard TCP/IP connection, it
worked out beautifully.”

Today, Feedback Studies

“One most provocative, and contro-
versial, question is whether the brain can
actually incorporate a machine as part of
its representation of the body,” Nicolelis
said. “I truly believe that it is possible.
The brain is continuously learning and
adapting, and previous studies have
shown that the body representation in
the brain is dynamic. So, if you created a
closed feedback loop in which the brain
controls a device and the device provides
teedback to the brain, I would predict
that as people or animals learn to use the
device, their brains will basically dedi-
cate neuronal space to represent that
device.”

Sm—— =2 2

Arrays of as many as 96 electrodes, each
less than the diameter of a human hair,
were implanted into multiple regions of the
owl monkey’s brain's cortex, including the
motor cortex from which movement is con-
trolled. The scientists then recorded the
output of these electrodes as the animals
learned reaching tasks, including reaching
for small pieces of food.

 researchers at the FSU Real

Research Notes

PREDICTING THE WEATHER

An experimental forecasting method
called the Super Ensemble, developed by
Aorida State University (FSU) meteorolo-
gist—Professor T.N. Krishnamurti, shows

great potential to accurately predict the’

path of hurricanes and other weather phe-
nomena. Krishnamurti and his team of
Time
Hurricane Forecast Center use up to 11
tropical forecasts from around the world,
supplying the data to a supercomputer
similar to IBM'S master chess player,
Deep Blue. The computer weeds out
errors in each forecast and produces a
more accurate one- to Six-day hurricane
track and intensity forecast. The re-
searchers worked on experimental real-
time Atlantic hurricane prediction,
including Hurricanes Dennis, Floyd, and
Irene and were able to predict the storms’
paths very accurately.

SKELETONS ON THE WEB

A new teaching tool providing a three-
dimensional view of the human skeleton
is available to students and the public at a
Web site called www.eSkeletons.org,
according to Dr. John Kappelman, a
University of Texas at Austin anthropology

 professor. Kappelman's lab group used a

combination of three-dimensional laser
scanners, high-resolution X-ray comput-
ed tomography, and digital photography

to capture information about each skeletal

element. One of the newest technological
advances on the Web site is the ability to
print out 3-D files of each skeletal element
as full-sized or even scaled-down replicas
of the original. Future plans for the site
involve adding skeletons of the chim-
panzee, gorilla, and orangutan.

ULTRA-CLEAN ICs

Integrated circuits (ICs) must be ultra- |
 clean to function properly. Now, a Georgia

Institute of Technology professor has

devised a new IC cleaning technigue that |

eliminates the drying step, streamlining

the fabrication process and making it

more environmentally friendly. In re-
search funded by the National Science
Foundation and Los Alamos National
Laboratory, Dr. Dennis Hess, a professor

in the School of Chemical Engineering and'

an investigator at the Microelectronics
Research Center, is experimenting with a
liquid-phase cleaning that can be com-
bined with vacuum processes. The tech-
nigue shows promise, but needs testing
in the actual manufacturing process.
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Nicolelis and his colleagues will soon
begin such “closed-loop” experiments,
in which movement of the robot arm
generates tactile feedback signals in the
form of pressure on the animals’ skin.
Also, they are providing visual feedback
by allowing the animal to watch the
movement of the arm.

“If such incorporation of artificial
devices works, it would quite likely be
possible to augment our bodies in virtu-
al space in ways that we never thought
possible,” Nicolelis said.

Tomorrow, Bionic People?

Besides experimenting with such
feedback systems, Nicolelis and his col-
leagues are planning to increase the
number of implanted electrodes, with
the aim of achieving 1000-electrode
arrays. They are also developing a “neu-
rochip” that will greatly reduce the size
of the circuitry required for sampling
and analysis of brain signals.

According to the researchers, their
recording and analysis system, in which
the electrodes remained implanted for
two years in one animal, could form the
basis for a brain-machine interface that
would allow paralyzed patients to con-
trol the movement of prosthetc limbs.
In addition, the system’s reliability and
the long-term viability of the electrodes
provide a paradigm that could eventual-
ly help paralyzed limbs to move.

“We envision that this neurochip can
become an essential component of the
type of hybrid-brain-machine interfaces
that may one day be used to restore
motor function in paralyzed patients,”
said Nicolelis. “These activities will
serve as the backbone of a new Center
for Neural Analysis and Engineering
currently being created at Duke.”

“Snakes"” in Space

ASA engineers are developing an

intelligent robot snake that may
help explore other worlds and perform
construction tasks in space. Able to go
where no humans can venture, the robot
serpent is smart enough to slither into
cracks in a planet’s surface, is capable of
planning routes over or around obsta-
cles, and has the ability to independent-
ly dig in loose extraterrestrial soil. The
“snakebot” could be ready for space

This simple snakebot is made up of identi-
cal hinge-like modules, attached together in
a chain. The test snake has a wire that car-
ries communications and power to and from
the computer brain, and it has off-the-shelf
hobby motors in its hinged segments that
cause it to move.

travel in five years.

Robotic serpents can “inchworm”
ahead, can flip themselves backward
over low obstacles, can coil, and can
side-wind. “The snake will provide us
with flexibility and robustness in space,”
said Gary Haith, lead “snakebot” engi-
neer at NASAs Ames Research Center.
“A snakebot could navigate over rough,
steep terrain where a wheeled robotc
rover would likely get stuck or topple.”

According to Haith, the engineers
constructed a simple mechanical test
snake in less than a day thanks to previ-
ous work at other labs. It was made up of
identcal hinge-like modules, attached
together in a chain.

“It is a direct model of a ‘polybot’
developed by Mark Yim of Xerox Palo
Alto Research Center, Palo Alto, CA,
with whom we are cooperating. We have
slightly different electronics in our ver-
sion,” he said.

“The test snake has a wire that carries
communications and power to and from
the computer brain,” Haith explained.
“It has off-the-shelf hobby motors in its
hinged segments that cause it to move.
Each of the many motors takes a signal
from the snake’s main computer brain.

“The problem is it’s hard to tell the
snakebot what to do. It is a complex
robot that must operate independently,
possibly far from Earth. Work on our
second snakebot is aimed at making it
capable of independent behavior.

“The key part of what we are striving
for in the second snakebot version and
beyond is sensor-based control in which
the robot uses its sensors to decide what

to do, Haith said.

“We made two little microcon-
trollers, tiny computers, that we put in
each hinged section that also includes a
motor, electronics, and gears to get the
hinge to move to certain positions,” he
explained. The snakebot will have a
main computer that will tell its little
computers in each segment what to do
in a higher, planning sense. The tiny
computers in the segments could pro-
vide “reflexes” that take care of simple,
but important jobs.

As development continues, the
NASA engineers hope to simulate the
snakebot in a computer program to
develop computer routines that can con-
trol the robot. In addidon, engineers
have added strain sensors to the robot
on metal ribs inside the snake. These
sensors will let the snake know whether
or not it is contacting anything, and
where and how hard it is touching.

Gary Haith, lead “snakebot” engineer at
NASA’'s Ames Research Center, examines
the snakebot. Two littte microcontrollers, tiny
computers, were put in each hinged section
that aiso included a motor, eiectronics, and
gears to get the hinge to move to certain
positions.

“We hope to write software that
allows the snake to learn on its own by
experience,” Haith said. “Some lessons
we hope it will learn are how to crawl
from soft to hard surfaces, and how to go
over rough surfaces that have rocks. We
even hope to show that it can climb scaf-
folds and go into cracks. These abilites
would help the robot look for fossils or
water on another planet,” he added.

The snakebot can save spacecraft
weight because the snake-like design



enables the robot to do many tasks with-
out much extra equipment. “Future
work will enable the snake to become a
mast or a grasping arm. A rover would
need to have a dedicated mast and arm
that would cost extra weight, money, and
time.”

Another advantage of the snake-
based design is that the robot is field-
repairable. There can be a bunch of
identical spare modules included with
the snake on a space mission, which
would make fixing the snakebot much
easier than a regular robot that needs
specific parts.

“Other benefits,” said Haith “are that
the snakebot can crawl off a spacecraft
lander and doesn’t need a ramp; and the
snake’s moving parts can be sealed inside
artificial skin to avoid exposure to the
outside environment and the robot can
still function, even if one joint freezes.

“In coming years, we hope to make
snakebot muscles out of artificial plastic
or rubber materials that will bend when
electricity is applied to them,” he added.
“This design change will reduce the
snake’s weight considerably, and the
robot would be very robust, like an auto-
mobile tre.”

ace-To-Face
ommunication

t the New York World’s Fair in

1965, videophones were presented
to the public. The novelty of seeing the
person you were talking to caused a
great sensation. In the intervening years,
however, such phones have not become
the commercial success expected. Apparently,
people preferred to be heard and not
seen.

There are markets where video tele-
phony products have made inroads, such
as in video teleconferencing. Motion
Media Technology, a British company, is
among the leaders in this field. Recently,
they announced their participation in
two pilot videophone projects, one for
personal communication and the other
for healthcare use.

British Telecom (BT) will place
Motion Media’s mm225 videophone in
about 120 homes where there are fami-
lies with young children. Each family
will be loaned up to three videophones
allowing, for example, grandparents who
live too far away to visit regularly with

Motion Media's mm225 videophone pro-
vides excellent picture clarity and a small
footprint. It is being used in two pilot pro-
jects in Great Britain.

their grandchildren. BT will monitor
use of the videophones over an 18-
month period. If the trial proves success-
ful, BT will make the videophones
generally available to the consumer.

“Video communications is now in
regular use for business communications
by companies throughout the world,”
said Mike Kiely, Marketing Manager at
BT. “There is no reason, if the price is
attractive, not to replicate this in the
consumer market. The objective of the
trial is to prove there is a need, measure
the impact on calling patterns, and show
how a network effect can be created.”

The mm225 provides a footprint no
larger than a standard office telephone.
It provides picture clarity and frame
rates fast enough to keep up with sign
language for the hearing-impaired. The
videophone connects to ISDN phone
lines and combines the two leading
international communication stan-
dards—H.320 and H.324—into a single,
easy-to-use videophone.

The other project involves Motion
Media’s participation in a four-company
consortium that combines telecare with
telemedicine to provide elderly residents
in Scotland with the chance to lead more
independent lives. The $1.5 million
telehealth project in West Lothian,
Scotland combines a compact desktop
videophone with a remote surveillance
unit. The equipment is installed in
selected local houses of caregivers.
Support staff can then monitor residents
and can provide face-to-face advice and
reassurance. p]

How Old Are You,
Really?

sing a new dating method to

determine the age of polar ice,
Steven Goldstein, Michael Murrell,
and Andrew Nunn of the DOE’ Los
Alamos National Laboratory Chemical
Science and Technology Division
have refined previous age estimates
for ice samples taken from Antarctica,
suggesting a far younger age for the
ice.

The radiometric dating method uses
mass spectrometry to make extremely
sensitive measurements of minute
amounts of uranium-series elements
naturally present in ancient polar ice.
This method compares concentrations
of daughter uranium-series isotopes
(uranium, radium, thorium, and protac-
tinium) to parent isotopes in the sample.
The quantities of natural radioactive
elements researchers measure are in the
femtogram scale (one quadrillionth of a
gram).

Previous methods used were band
counting and carbon-14 methods.
According to Goldstein, “While both
methods are fairly accurate, each has
limitations. Band counting can’t really
account for any missing sections in the
ice column, and carbon-14 is generally
useful for dating back only about 40,000
years. Our method could be more wide-
ly applied on counting banding and
works on a time scale well beyond that
of carbon-14 dating.”

The ice sampling research took
place at Allan Hills, a 12-mile long
group of hills located near McMurdo
Station along the coast of the Ross Sea
in Antarctica. Earlier published data
placing the age of the ice at Allan
Hills at roughly 325,000 years was
based on measurements made using
alpha spectrometry. Los Alamos
researchers estimate that the actual
age is probably less than 100,000
years.

Goldstein and his colleagues are
quick to point out, however, that more
samples and studies are needed to sub-
stantiate their “ice-age” determination
at Allan Hills. In addition, further
research is being carried out with sam-
ples from the Summit region of central

Greenland.
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uilt from Parallax, Inc.’s Robotics

Kit, the BOEBot ($199) is an edu-
cational prototype. Constructing
the robot helps to both explain and
demonstrate the fundamental prin-
ciples of robotics. The completed
robot is barely the size of a VHS cas-
sefte and weighs in at two pounds.
The BOEBot moves about on a
three-wheel system. Two wheels
are plastic discs attached directly
to servos. A small plastic ball serves
as a non-powered tail wheel

The BOEBot Package. The "BOE” in
BOEBot is an acronym for Board of
Education—a motherboard designed
by Parallax for use with the Parallax
Basic Stamp II. BASIC Stamp Il mod-
ules have been (and still are) in use
all over the world by experimenters,
hobbyists, and industry. The Basic
Stamp Ilis a miniature circuit board
shaped to look and act like a com-
puter-on-a-chip. Designed to plug
into a 24-pin IC socket, the BASIC
Stamp Il contains a PIC chip pre-
programmed with a BASIC-lan-
guage adapter and support circuitry.

Both the Board of Education and
the Basic Stamp Il come with the
BOEBot kit. Together, these two
items can be used for a multitude
of experiments set forth in Parallax
Inc.’s Stamps in Class curriculum.
Stamps in Class is an excellent pro-
gram developed by Parallax that
offers to schools around the globe
free (that’s right, | said free!) pro-
jects (including full Basic Stamp kits)
covering the various concepts of
electronics. You can visit www.
stampsinclass.com for more infor-
mation. Of course, you don’t have
to be dffiliated with a school in
order to purchase the kit from
Parallax, inc.’s Web site.

You’ll also need a PC in order to
program the BASIC Stamp. A paral-
lel cable is included in the kit for

Parallax, Inc.'s
BOEBot

A BOEBot relaxes with a fine read in between performances. Parallax Inc.’s BOEBot can be com-
pleted and ready for experimentation in well under three hours.

data fransfer between the PC and
the Board of Education. The pro-
gramming code is written in PBA-
SIC, a didlect of BASIC developed
by Parallax for the capabilities and
features designed into BASIC Stamps.
The PBASIC editor comes on the
CD-ROM included with the kit and
can also be downloaded for free
at www.parallaxinc.com.

The Robotics curriculum includes
a student workbook that is divided
into six chapters. Each chapter car-
ries the reader swiftly and logically
through the processes of construc-

fion and programming of the
BOEBot. Every chapter ends with
practical uses of robotics, quiz
questions to test comprehension of
the various subject matter intro-
duced in the fext. and suggested
projects that challenge the reader
to embellish what they have just
learned. Overall, the entire text
was an easy read.

Construction. Building the BOEBot
proved to be quite easy and rather
fun—! had the robot up and run-
ning is less than one hour—thanks




This is a close-up view of the Board of
Education as it sits atop the BOEBot chassis.

to the well-written text and gener-
ous helpings of photographs, dia-
grams, and schematics. The first
chapter’'s goal is to assemble the
robot and cadlibrate the servos.
Some tools (such as a #0 Phillips
screwdriver and a nail clipper)
were needed for certain tasks, but
were not included with the kit
Each servo had fo be modified in
such a way as to allow for both
clockwise and counterclockwise
continuous mation. The “mod” requires
the reader to actually take apart
the servo, remove a movement
restrictor, and reassemble the servo.
This simple construction task imme-
diately plunges you into the mechan-
ics involved in creating a roboft.

| only had one problem when
constructing my particular BOEBot.
One of the servo ports on my Board
of Education was slightly blocking
the path of a standoff that had to
pass through the board and attach
to the bottom standoff. The col-
umn-like structure formed by the
two standoffs holds a “touch
whisker” in place. | eventually
managed to screw the standoffs
together, although the upper stand-
off is a bit bent. Please note that
Parallax will gladly repair or replace
any defective product; | just did
not have the time to call. After you
complete the steps in Chapter
One, the BOEBot is ready to program.

Circuits and Programming. The
other five chapters all involve pro-
gramming and simpie circuit
design. New concepts are intro-
duced and explained throughout
the workbook. The fext successfully
shows how robotics blends mechani-
cal, electronic, and computer the-
ories together in order to produce
a somewhat infelligent machine.
Each circuit is built on the breaa-
board located on the Board of

Education. The various semicon-
ductors and wires needed are
included with the kit. Every circuit is
shown both as a schematic and as
visual wiring diagram. This simple
learning fechnique helps with the
interpretation of schematics, because
the reader can see the schematics
side by side with a representation
of what the circuit actually looks
like. Some examples of the circuits
that are shown in the text include a
piezo-driven low-battery indicator,
touch sensors that are composed
of a couple of resistors and metal

“whiskers,” and an infrared frans-
mitter/detector for navigating. The
circuits, along with programming
code, allow the BOEBot to interact
with its environment.

Programming is introduced on a
simple scale. The reader is taken by
the hand and led through each list-
ing. Every step of every program is
explained in detail. | found myself
growing proficient in PBASIC quite
quickly. Soon | was able to substi-
fute and embellish the listings
offered by the text. The reader

(Continued on page 66)
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Fun? Yes, please.

Satisfied customers - the key to our success

» that’'s why every new EAGLE version is based

on the feedback from our customers

» that’s why all our customers have access to our
highly acclaimed, comprehensive support, free

of charge

» that's why EAGLE has no hidden costs for

libraries or modules which prove to be
indispensable after purchasing
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EAGLE 4.0

Schematic Capture - Board Layout
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The internationally renowned series of CD ROMs from

for learning QM@ Varix Mutimedia has been designed to both improve m m

your circuit design skills and to also provide you with sels

D ROM based resources- ~

® ® . il v
des's“.ng of tools to actually help you design the circuits

Electronic Circuits and Components provides an

introduction to the principles and application of the most m t
common types of electronic components and how they a rIX
are used to form complete circuits. Sections on the disc ~ [TYU |t| med 1a

include: fundamental electronic theory, active
components, passive components, analogue circuits and digital circuits.

T4 ]

Perts @altery

Electronic Circuits & Gomponents
The Parts Gallery

The Parts Gallery has been designed to overcome the problem of component and
{ symbol recognition. The CD will help students to recognize common electronic
Analog Electionics i components and their corresponding symbols in circuit diagrams. Quizzes are included.
i by Mike Tooley -
‘Agital Lectronics | Digital Electronics details the principles and practice of digital electronics, including
LWALGREE  logic gates, combinational and sequential logic circuits, clocks, counters, shift registers,
T and displays. The CD ROM also provides an introduction to microprocessor based
systems,

Analog Electronics is a complete leaming resource for this most difficult subject. The
CD ROM includes the usual wealth of virtual laboratories as well as an_ electronic circuit
simulator with over 50 pre-designed analog circuits which gives you the uttimate learning
tool. The CD provides comprehensive coverage of analog fundamentals, transistor circuit
design, op-amps, filters, oscillators, and other analog systems.

Electronic Projects is just that: a series of ten projects for students to build with all
support information. The CD is designed to provide a set of projects which will
complement students' work on the other 3 CDs in the Electronics Education Series. Each
project on the CD Is supplied with schematic diagrams, circuit and PCB layout files,

componentlists and comprehensive circuit explanations.
Electronic Projocts

i Mladaidbatdl  PICtutor and C for PICmicro microcontroflers both contain complete sets of tutoriais

for programming the PICmicro series of microcontroliers in assembly language and C
respectively. Both CD ROMs contain programs that allow you to convert your code into
hex and then download it (via printer port) into a PIC16F84. The accompanying
development board provides an unrivaled platform for feaming about PIC
microcontrollers and for further developmentwork,

Analog Filtors . o : . Digital Works Is a highly interactive scalable digital logic simulator designed to allow
by Steve Winder S} ! ! electronics and computer science students to build complex digital logic circuits
incorporating circult macros, 4000 and 74 series logic.

- CADPACK includes software for schematic capture, circuit simulation, and PCB design
». and is capable of producing industrial quality schematics and circuit board layouts.

Digital Logic Sinulation CADPACK includes unique circuit design and animation/simulation that will help your
by Dave Barkor students understand the basic operation of many circuits.

Analog Filters is a complete course in filter design and synthesis and contains expert
systems to assistin designing active and passive filters,

Photo shows PiCmicro
development kit suppher with
Institution veraions of C for

roee wirc Shareware/demo €D ROM with more than 20
programs $4.99 refundable with any purchase.

Order Form: Phone your order to us on:

Please circle the products you would like to buy on Name: 631-592-6721
the table below, calculate the total cost, fill in the Address:
rest of the order form and send it to us. NY residents or send your order tq:
add sales tax. Please allow 6 weeks for delivery.
Student  Institution Zipo . Phone: . e fol-ﬁéif:(zl;\gz
Electronic Ccts. & Comps.  $50 $99 .
Digital Electronics ~ §50 $99 Card Type: i S ... Hauppauge, NY 11788
Anatog Electronics  $50 $00 T Expire date:
Electronic Projects  $75 :159 l~ -I - l [ | r e =T [T [. -
D 010 00 10
C for PICmicros  $179 $350 CEEIG ~ LLd i - - L -I ;
Digital Works ~ $50 $09
CADPACK 75 $159 | have enclosed my check for $: Signature:
Analog Fliters  $75 $150
Postage - USA  $5 $5 d
Postage - Canada  $5 $5 Please charge my credit card for §: = —

Order online NOW from: www.poptronics.com
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High-Tech Pets

Dog lovers come in two types: purebred aficionados and those who choose (whether for financial reasons or from
personal preference) mutts. There are similar distinctions in the world of canine robotics. Those with a taste for ultra-
high-tech gizmos, and the deep packets to indulge it, might choose Sony’s Aibo (model
ERS-210). The second-generation robotic dog carries a $1500 price tag (a significant
reduction from its predecessor’s $2500 tag). Those who don’t require AKC credentials
for their real-life pets, or the cachet of the Sony label for their consumer electronics,
might be more comfortable shelling out $99 for Rocket the Wonder Dog, Fisher-Price’s
entry into the robotic-dog market.

When you first take Aibo home, “he” is like a newborn puppy, unable to stand or
move on his own.
Once you begin
training him, Aibo
wobbles along on
shaky legs, curiously examining everything around
him as he starts learning. Tap a pressure-sensitive
plate on top of his head when he does something
wrong, or praise him by stroking his head with a
steady pressure. As he “grows up,” his puppyish
behavior and movements change—becoming more
like those of a mature dog, complete with barking,
“singing” and dancing, and shaking hands. He'll chase
the pink ball that's included with the robo-pet (which
he can see thanks to a camera built into his nose).
Aibo also has heat, touch, acceleration, and speed
| sensors and an infrared range
.| finder. His I8 joints can pro-

. duce a total of 250 different
movements, resulting in

extremely life-like behavior.

Aibo responds to commands delivered via remote control. But if you really want to interact
fully with him, some additional purchases are required. Optional Life Autonomous Application
software gives Aibo voice-recognition, voice-imitation, and photo-taking capabilities. A mature

unit can recognize about 50 simple words—including his own personalized

name—tc which he'll respond with a special electronic sound.
Rocket the Wonder Dog might not have such sophisticated elec-
tronics under his metal skin or come with a fancy birth certificate
like Aibo does. But he’ll come when he’s called, beg for treats, and
even stand on his head. He's absolutely loyal, loves to play, has big
expressive eyes, and barks when he wants attention.And Rocket never chews up slippers or
books, has “accidents” in the house, needs to be walked, or gets fleas.

Using Rocket's built-in voice-recognition technology, a child can imprint his voice by
speaking into the Personal Puppy Trainer Headset. (Preschoolers can skip the verbal
training and use simple button activation instead.) Advanced robotic technology was
used to imbue Rocket with life-like behaviors and facial features that move to simulate
emotions. Rocket gets excited about treats, whines and grovels when he's scolded, and

“takes a nap” when no one plays with him for awhile. Like a real puppy, he has a mind of his
own, s0 you can never be quite sure what he'll do next.

Sony Electronics Inc., One Sony Drive, Park Ridge, Nj 07656; 888-917-7669; www.aibo.com.

CIRCLE 50 ON FREE INFORMATION CARD

Fisher-Price, Inc., 636 Girard Ave., East Aurora, NY 14052; 716-687-3000; www.fisher-price.com.
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Cyber Action

Prefer to take a more hands-on approach to robotics? K'NEX Industries’
Ultra CyberK’NEX ($129.99) allows you to build five different Cyber cre-
ations. Then you can bring them to life and control their actions as they
speak, growl, hurl missiles—in short, obey your every command.

Aimed at kids aged ten and older, the set contains all the building pieces and
special Cyber components required to build a variety of cool characters. A
Cyber Key brings each model to life. Once animated, it will demonstrate its

- L% own distinct personality with voice, sound effects, and actions. It also reacts
to stimuli such as sound, impact, and an infrared signal. Although the Cyber Key interface doesn’t require a PC, the Ultra
CyberK’NEX kit includes an Internet interface that allows you to download new personalities from the K’NEX Web site.

The five included robot designs are canine-like Woof, droid-style Mectron, Drax the dragon, a planet-defending vehi-
cle called Zap, and the tank-like Sarge. The brightly colored Cyber Controller can be used to activate specific actions
and set the model in “guard mode.” Mectron, for instance, will sit quietly when the lights are off when he’s in guard
mode. But if someone crosses in front of him or turns on the lights, he will call out “Intruder!” and then lift his chest
plate and fire foam missiles. The controller can also be used to record special routines and store them on a
Programmable Cyber Key.When that key is inserted, the robot will perform those behaviors upon command. Insert the
Programmable Cyber Key into the programming port, connect its cable to the parallel port of a PC, and download new
personalities from the Internet.

K’NEX Industries, Inc., 2990 Bergey Road, Hatfield, PA 19440-0700; 215-997-7722; www.cyberknex.com.
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Kitty Capers

Feline fanciers needn't feel left out of the robotic pet craze. Tiger Electronics offers Meow-Chi
($24.99), a playful interactive cat. Just don’t expect a cat’s typical aloofness. Meow-Chi will turn his
body and head from side to side, move his “arms” up and down, and shake his tail back and forth. He
responds to light, sound, and touch; and he loves to dance and chase after his favorite mouse play
toy (included).

According to Tiger, Meow-Chi uses advanced bio-rhythmic technology to create realistic emo-
tional responses that change as you play with him. His expressive eyes mirror his feelings, letting
you know if the cat is happy, sad, or angry (without any clawed up furniture). The more
you interact with him, the happier he is—and he'll let you know it by singing to you. <@~
Meow-Chi also likes to play with other Tiger Robo-Chi pets, particularly Poo-Chi.

Tiger Electronics, Ltd., 980 Woodlands Parkway,Vernon Hills, IL 6006 |; 847-913-8100;
www.tigertoys.com.
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Baby Bot

No need to wait until your kids are in middle school to get them
started in robotics. LEGO System's MyBot ($49.99) allows children as
young as 4 to get into the action.

MyBot is a cockpit-shaped microcomputer that features technol-
ogy developed in consultation with the Massachusetts Institute of
Technology. Children can design and build one of three interactive cre-
ations around the microcomputer and then “program” it by attaching a
combination of “smart bricks” to bring their creation to life. Depending
on the activity and identity bricks selected, each creation—an airplane,
a racecar, or a robot—will exhibit its own distinctive behavior patterns.
For example, sound effects vary depending upon how the model is moved, so that the plane’s engine whirrs when the
plane climbs upward.Add an alarm brick, and the MyBot will sound an alarm if someone else (that pesky younger sib-
ling, perhaps?) picks it up. An interactive LCD screen changes with different identity blocks and different movements.
The action-and-reaction play encouraged by MyBot is an integral part of the creative learning process. The set is com-
patible with all LEGO DUPLO products.

LEGO Systems, Inc., 555 Taylor Road, Enfield, CT 06082; 860-762-673 |; www.lego.com.
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Video-
Conferencing

Hardware
A low-cost, PC-based video-confer- i
encing solution, Conferencer ($499) meets -.-.
the video- and audio-quality requirements A 4‘_5 -’
for LAN/Wan business use.This PCl card, which comes / ' [
with all the necessary hardware and software including camera and microphone, | _
serves as a hardware accelerator for Microsoft’s NetMeetings software. Simply install
the Conferencer PCl card in a PC, load the software, and connect the camera for ®
seamless, business-quality video conferencing.
Array Microsystems; 800-741-4461 or 408-399-1505; www.array.com.
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Portable MP3
Player

Weighing in at barely three ounces,
AIWA MM-VX200 ($299) is destined to find
a home in the pockets of audiophiles
throughout the land. Facing stiff competi-
tion from the likes of
Diamond Multimedia,
AIWA has packaged
their gadget with

Personal
Organizer
Sottware

Take charge of your life
with RedBox Organizer 4.0
($39.95) from inKline
Global, Inc. It has a com-
plete suite of simple-to-

use tools from a Calendar the latest fea- | .
to Expenses Tracking with tures—USB port, |
a highly customizable and Smart-
intuitive 3-D interface. The program can quick launch your e-mails, m '
browser,Web addresses, or other programs; and it has a phone dialer as g
well. Media

inKline Global, Inc.; 775-747-5730; www.inklineglobal.com. card  slot,

and a version of ReaHukebox for converting

MP3 files on the go.
AIWA America, Inc;

www.aiwa.com.

201-512-3600;

The Incredible E-Mailer

Say goodbye to e-mail attachments with the help of Tool
Factory, Inc's The Incredible E-Mailer ($59.95). This amazing
application works in tandem with your existing e-mail program.
Designed with the
computer novice

Supersize
It!

be held at the Seven Springs rasort
in Hitton Head North Carolina

Cartact Judy
Brown at

extension 326 1Y
for more
information

A | '
o

in mind, the pro-

. gram allows users

to simply drag and
drop images directly

' into their e-mail
| messages while avoid-
| ing the complica-
| tions attributed to
| working with file
. attachments.

Whole collages of
text, drawings, and

pictures can be created within your messages and sent via your

existing e-mail program.

Tool Factory, Inc.; 802-366-8253; www.teolfactory.com.

Viewing small text on high-resolution
monitors is the primary cause of computer eye-
strain. Operating like a vir-
tual magnifying glass, BigShot
1[R[ (1]l Magnifier (599) provides full-
screen magnification for all
* ¥ computer users. With just
-~ one click, the software
increases the size of all visi-
ble elements, providing 20
adjustable levels of
enlargement from 105%

SCHEEN ATAGNIFIER

to 200%.
Al Squared; 800-859-0270 or 802-362-3612;
www.aisquared.com.

Gizmo is published by Gernsback Publications, Inc., 275-G Marcus Blvd, Hauppauge, NY 1 1788. Senior Writers: Christopher Scott and Teri
Scaduto. Copyright 2001 by Gernsback Publications, Inc. Gizmo is a registered trademark. All rights reserved.
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TEST

PROCEDURES

for Basic Electronics

PROMPT

3 Build Your Own Home Lab.
#61108 - $29.95

Shows you how to assemble an efficient
working home lab, and how to make it
pay its own way. Includes projects for
creating your own test instruments too.
7 3/8x 9 1/4", 249 pp, paperback.

[0 Test Procedures for Basic
Electronics. #61063. — $19.95

Many useful tests and measurements
are covered. They are reinforced by the
appropriate basic principles. Examples
of test and measurement setups are
given to make concepts more practical.
7 3/8 x 9/1/4", 356 pp, paperback.

BUILD
YOUR §

]

OWN &

HOME
LAB

O Troubleshooting and Repair

Guide to TV. #61146. — $34.95
Repairing and troubleshooting a TV is
very simple and economical with help
from the information in this book. It is
the most complete and up-to-date TV
repair book available, with tips on how

[ Oscillator Gircuits and Projects.
#61111. - $24.95

A Textbook and project book for those
who want to know more about oscillator
circuits. You can build and enjoy the
informative and entertaining projects
detailed in this book. Complete informa-
tion is presented in an easy-to-follow
manner. 7 3/8x 9 1/4" 249 pp,
paperback.

]
PROMPT

[J Complete VCR Troubleshooting and
Repair. #61102. — $34.95
Though VCRs are complex, you don't
need complex tools or test equipment to
repair them. This book contains sound
troubleshooting procedures that guide
you through every task. 8 1/2x 11",
184 pp, paperback.

3 Complete Camcorder
Troubleshooting and Repair.

#61105. — $34,95

Learn everything you need to know
about the upkeep and repair of video
camcorders. Start by examining cam-
corder troubleshooting procedures, then
move into more advanced repair
techniques. 8 1/2x 11", 208 pp,
paperback

to handle the newest circuits.
8 1/2x 117, 263 pp, paperback.

Howara W. Sams & Company

3 Computer Monitor Troubleshooting
and Repair. #61100. - $34.95

This book can save you the money and
hassle of computer monitor repair by
showing you how to fix it yourself.
Tools, test instruments, how to find and
solve problems are all detailed.

8 1/2x 11", 308 pp, paperback.

Joe carr'M ]

Circuit Toolkit

Easy-To-Build, Useful Circuits
From Carr's Toolbench to Yours!

JOE DESPOSITO
KIVIN GARABEDIAN

O Joe Carr's Circuit Toolkit.

#61181. — $29.95

Easy-to-build, useful circuits from Carr’s
workbench to you. They will spark new
ideas in your day-to-day use of circuits
and help solve frustrating problems.
256 pp, paperback.

Contact Jim Surface.

==
Please circle the products you would like to buy on the page above, caiculate the total cost, include shipping charges.
using in the form below and send it to us. Please allow 4 - 6 weeks for standard delivery.

Claggk Inc.
PO Box 12162

the credit card is registered must be the same.

Name: Hauppauge, NY 11788
Address: Tel: 631-592-6720
Fax; 631-592-6723
Zip: _ Telephone: email: claggk@gernsback.com
I have enclosed my check for $: __
Signature:
. SORRY No orders accepted

Please charge my credit card for $: Number: outside of 3_;\ s Canaga No. of Books Ordered D

SHIPPING CHARGES IN USA.
Card Type: Expiration Date: CANADA ADD $5.00 Total price of books... m— . W—

. . 1 Book $5.00 Shipping (see chart)............ .

Mastercard, Visa or Discover only 2 Books T o , —

each add’l book  3.00 Sales Tax (NYS 0nly......coorirnnnns $..
Note: The delivery address and the address at which 2 Day UPS $10.00 extra Amount Enclosed. 5

Next Day UPS  $20.00 extra Al payments must be in US. fundsl ¢ 04




hether for the sake of science,

entertainment, or as a hobby
to pass the time away, more peo-
ple are becoming interested in the
field of robotics. Television shows,
toys for the kids, and even toys for
us grownups have all been influ-
enced by robotics as of late,
Simplified technology and afford-
able pricing are two major factors
that have helped open the door
for the masses of robot-building
neophytes. Robotics is no longer a
science driven solely by the needs
of industry.

There are numerous resources
available on the Internet concern-
ing the topic of robotics on a
home-scale level. This month, let’s
explore three of these Web sites.

HAVE A CUP OF JAVA AT
THE ROBOT CAFE

Point your browser to www.
robotcafe.com and entfer an up-
and-coming hot spot for robot
enthusiasts. This site may not be
chock-full of cutting-edge Net
technology. but it is a nifty platform
geared toward searching the Web
for robot resources. The site’s motto
sums up its focus—"Live, eat,
breathe...robots.”

Robotcafe.com offers a com-
prehensive directory ranging from
toys and kits to recommended sites
and breaking news. This site can be
used as a portal in order to share
ideas, search for information, or to
simply browse the pictures within
the galiery. The Web designers
have succeeded in developing a
user-friendly site that enables visi-
tors to register and share their own

CHRIS LA MORTE

your

Over 100 gusis mwwm

ucsdomamrﬂnenowl

4844 robotics sites

Companies o7 **
Eotetainment. Hobhy

25 Competitions (37)
Hebohs Combat

Education (z4) "**
Coilnan ard ey K12

Organizations (39
Hekby Cluby
Resources 1
srpoming Foniyd. £AQ:

Robots em "~
Aie BEAM. Indredualy -

Entertginment (zo) ***  Software ais) "**
Cadoens Creative Wiiiog. Samaz. Simulates. Soutos Code
.: Hardware (s Toys (o)
5 Espun b Cirinsl Pracay .. Clagmes. LESO WINDE TRME

Settle down on your haunches at www.robotcafe.com. Here you can browse through pictures and

sites dedicated to amateur robotics.

resources. You can even post a
snapshot of your favorite creation.
Perhaps your bot could be hon-
ored as Robotcafe.com’s featured
robot,

The big names in home creation
are represented, such as the LEGO
MINDSTORMS series and the Parallax
kits, but there are also links to a
plethora of sites developed by
fledgling robot creators. Robot
cafe.com is a community. The
potential exists for this community
to evolve into (dare | say) the
Yahoo! of robotics. Beyond the bla-
tant advertising that litters most
Web sites, Robotcafe.com has
managed to provide a catalyst for
invention while allowing for the
exchange of ideas across the globe.

After all, isn‘t that one of the rea-
sons why the Internet was created?

Robotcafe.com can be used as
a virtual “think tank” for the home-
based engineer. The homepage
allows users to link their site to
www.robofcafe.com in order to
expand the already ample base of
informative links. What Robotcafe.
com lacks in flash, it makes up for in
the field of idea sharing. There is no
doubt that you should add this one
to your favorite sites if you have
any interest in robotics.

“l, ROBOT” MEETS AIDA

in the reaim of performance art,
there stands one group like no
other. Amorphic Robot Works
(ARW) was formed in 1992 by a
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You can observe the inner workings of Amorphic Robot Works. This performance-art group has cre-

ated an elaborate world of robots and music.

group of artists, engineers, pro-
grammers, and musicians. You can
visit their site at www.cronos.
net/~bk/amorphic/. This perfor-
mance troupe has created an
entire world populated by robots
and driven by music. ARW is an
avant-garde workshop boasting
permanent interactive displays as
well as live productions.

The robots are controlled by a
network of software and hardware
that is united by MIDI (Musical
Instrument Digital interface) signal-

5' E& YM Eo ;ommnc&a Heb

4 & 3 "} 2 @
e Eeflaa Seach Nstscape

ing. MIDI signals are routed through
MIDI-to-voltage-control computers.
Each MIDI command signat is con-
verted into a 12-volt signal that is
fed to various motors and solenoids
that animate the robots. Music
plays an important role by setting
the mood and breathing life into
the robot actors

All'in all, this site is entertaining.
There are numerous pictures avail-
able, including some behind-the-
scenes coverage. | couldn’t help
but remember the old 80°'s video

Baokm.h A Lwﬁul/ww« lobolplopdsrcoml

A robot project source for the robotics enthusiast.

Sponsored By Savage Innovations - Makers of the OOPic |

Robots

Sensors
* Co

Camera.

® Older Polaroid Sonar Camera Board Modxﬁcauons
e

e

¢ Big Trak Dissection - Find ovt what's under the hood of the Milton Bradley Big Trak.
® Big-O-Trak - Retrofiting a Milton Bradley Big Trak with an OOPic. (Updated 09/22/00)
* WilbyWalker. - CADD drawings and source code for a 6-legged walker.

ntactless Angular Measurement. - Measure the angle your robot is to a wall
* Polaroid Pronto Sonar Camera Dissection. - Recycle the Sonar Unit out of an older Polaroid Sonar

’Dxe changes that are nesded to use the older

e

e ﬂ!i.&.i“mu&u

Why not see what other robot builders have been up to? Visit www.robotprojects.com Jor some inter-

esting ideas and construction 1ips.

HOT SITES

Amorphic Robot Works
WWW.Cronos.net/~bk/amorphic/

OOPIC
www.oopic.com

Robotcafe.com
www.robotcafe.com

Robotprojects
www. robotprojects.com

Yahoo!
www.yahoo.com

for Herbie Hancock’s Rock It as |
browsed ARW’s gallery.

THE SAVAGERY
OF CIRCUITRY

Savage Innovations (makers of
the OOPIC) have bestowed upon
the Internet yet another resource
site—www.robotprojects.com
Readers should remember the
OOPIC chip from Gordon McComb's
"Robotic Workshop” in February
2000's Poptronics. Scott Savage,
the man behind the chip, is spon-
soring this site dedicated to robotic
construction and design.

There are sections devoted to
robofts, sensors, speech, and works
in progress. The latter section pro-
vides various dissection-photo lay-
outs, such as the post-mortem view
of our beloved friend, the Furby
(see December 2000's Poptronics
for Julian Edgar’s slant on these lov-
able fur balls). Although the mater-
ial on this site is limited, there are
some amazing design notes avail-
able, especiailly in the sensor sec-
tion. Detailed instructions are pro-
vided for salvaging sensors from old
Polaroid cameras for use in home-
built robots. It is also worth mention-
ing www.oopic.com, the home of
Savage Innovation’s OOPIC. A link
is provided tfo this site via the
Robotprojects site.

SHARE AND
SHARE ALIKE
Thanks to the influx of “robot
mania™ throughout society and the
Web, resources are being made
available at a nearly overwhelming
rate. It is heartwarming to see the
Net being used as a tool for further
(Continued on page 66)



SURVEYING THE

DIGITAL )/

REID GOLDSBOROUGH

mailto: digitaldomain@gernsback.com

Computer “Bors” Thar
Help You Shop—IN Search
of A Higher InTelligence

ay Kurzwell, in his recent book

The Age of Spiritual Machines,
asked, “"Can an intelligence create
another infeligence more intelligent
than itself?”

Kurzwel, a prominent inventor and
business leader in the field of artifi-
cial intelligence, has the pedigree
to make an inteligent stab at an
answer. He believes that by the
year 2030, due to the ongoing
exponential growth of computing
power, a $1000 personal computer
will achieve the full capacity of the
human brain.

From one perspective, this doesn’t
seem so improbabie. Computers today
remember trilions of facts faultlessly,
while many people—myself includ-
ed—sometimes forget what day it
is. Computers are also much quick-
er than the quickest intellect, able
to search a multi-bilion-record data-
base in a fraction of a second.

Yet what our noggins do far bet-
ter than today’s fastest supercom-
puter is “pattern recognition,” allow-
ing us to remember faces or appre-
ciate the beauty of a sunset.
Kurzweil boldly predicts that thirty
years from now, common comput-
ers will have this capability and oth-
ers, including consciousness and
the ability to have emotional and
even spiritual experiences.

Judging by the most visible
application of artificial intelligence
today—intelligent agents—| cer-
tainty wouldn’t bet my PC on this.
Intelligent agents are software rou-
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What kind of bots are out there? What's new and different today? Find out what the bot creators are
cooking up with a visit to BotSpot, the Web site that will teach you more than you possibly wanted
to know about bots and other artificial-intelligence personal-assistant programs.

fines designed to automatically
retrieve the information you need
and perform actions for you based
on that information. Also called
“bots” (as in robots), intelligent
agents are fascinating in their
potential, less so in their current
incarnation.

Although bots today can per-
form research, chat with you, gath-
er news, play games with you, and
track stocks, many of the most pop-
ular are used by consumers and busi-
nesses for comparison shopping

over the Web; dozens are avail-
able. like search sites, which use
similar technology, most bots are
free.

LET YOUR CYBER-
FINGERS DO THE
WALKING...

Shopping bots work simply
enough. You type in the product or
brand you’re interested in, the bot
tries to find Web merchants offering
it at the lowest price, and you then
surf to the merchant’s site. |I've
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Shopping for insurance? Let InsWeb take vou by the hand and guide you through the confusing jum-
ble of insurance plans from different providers, whether it be for home, health, life, or auto.

used bots to shop for some time
now, more or less successfully.

One problem Is that most bots
offer only product pricing informa-
tion, ignoring the other factors that
can make or break a shopping
experience: easy site navigation,
product quality, warranty, service,
shipping charges, delivery time,

and whether the product is in
stock. Nothing will sour you faster
on bots than going to a site a bot
suggests only to find—after filing
out a detailed order form—that
excessive shipping costs make the
product more expensive than at
other sites,

Sometimes, bots don’t perform

oving Home |
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Find o Place  Moctysgr and Linanse
Find & Place
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monstermoving.com

Changing the way people move.
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m‘;§ ;;: | I'snosecret tht moving can be a big
e headache. But st Monstarmaving, we've gat all Chan.
Hortgage and Fmance e tools you'li need to easily manage your mova'

»Morgage Quotes: {fram start to finesh, From finding the place of
‘dinsyrance Quotes . 1ouv dreams. to secuning a mortgage, to fi

Jocarean ¢ Mover, to fumishing your new home -- we've
90t & all covered. How let's get moving!
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Of Your Moval

Quick Find
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: Natfy the U.S. Post Offirm and othér
| organizetions of your new address.

Ger
- Mortgage Quotes
Aco8ss ral-bime rates fram over 1000
lenders.
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No one will argue that the single biggest, most traumatic activity that humans will do in their lives
is buying a house and moving. When you're faced with that prospect, where do you turn first? Why,
Monster Moving, of course! Here, you can find everything related to packing your bags in search of
greener pastures from locating that dream domicile to mortgage quotes to moving companies. You
can even let everyone know—bill collectors included—your new address.

POINT AND CLICK

BotSpot
www.botspot.com

Bottom Dollar
www.bottomdollar.com

CNET Shopper
www.shopper.com

InsWeb
www.insweb.com

Monster Moving
www.monstermoving.com

mySimon
WwWw.mysimon.com

Yahoo! Shopping
.Shopping.yahoo.com

as advertised. The price a bot lists
may not be the same as the price
the Web merchant is actually sell-
ing the product for. On the other
hand, the lowest price the bot turns
up may be higher than what you'd
pay in person at your local Wal-Mart.

When cyber-bargain hunting,
just as in the offline world, it's good
practice to be wary of a Web mer-
chant offering a price significantly
below the norm. Opt instead for
sites offering a competitive price
along with indications that your
shopping experience will be trou-
ble-free.

Another problem is that bots
typically aren’t comprehensive, It's
not always their fault. Some shop-
ping sites block bots from access-
ing their pricing information for fear
of diminishing their brand image.
Nevertheless, bots are often selec-
tive in which shopping sites they’ll
search and list. Some list results first
from sites they have marketing affil-
iations with, and then from nonaffil-
iated sites. Others list results only
from their affiliated sites. For these
and other reasons, you sometimes
can’t find products that you know
are out there.

Still, the best bots today, used
judiciously, can save you money
over retail without your having to
leave the comfortable minty-green
perch in front of your PC. Examples
include general-interest bots such
as mySimon at www.mysimon.com,
Yahoo! Shopping at shopping. yahoo.

(Continued on page 66)
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Mission Control

don’t usually start a column with

a disclaimer. but if | don’t this
time, | just know I'm going tfo
receive a whole bunch of letfters.
So, right up front, I'm going to tell
you that this month’s column is just
going to scratch the surface of the
topic. If there’s interest, I'll come
back to the topic in further depth.

Whew! That being said., this time
around, with the issue theme of
robotics, | want to take a look at
how you can apply some simple
robotics to your home. The robotics
that I'm talking about are not the
automatons of the Jetsons. Rather,
they couple the power of the com-
puter and hand controllers with a
technology that's almost two
decades old. That way, you can
automate many functions in your
house as well as dllow your home
environment to react intelligently
to actions that occur in and
around it. In effect, you turn your
home into an intelligent “robot.”

Home automation is big news
these days. and that’s the reason |
made the up-front disclaimer that
started this column off. There are
several magazines published on
the subject. and talking about dif-
ferent issues could easily fill a regu-
lar monthly column, much less the
single one presented here.

To start things off, let’'s consider
what we can do with one of the
more popularhome-control approach-
es. X-10 controllers and modules
have been around a long time.
RadioShack was an early support-
er, and you can still find lots of X-10
stuff in the stores and catalogs. X-
10 home automation started out as
a set of hardware devices that
controlled appliances and lights by
overlaying control signals onto the

mailto: computerbits@gernsback.com

The software that comes with the ActiveHome kit makes it easy to set up controllers and sensors.

electric-power lines. The control
module was plugged into an AC
outlet, and a receiver controlled
an appliance or light plugged into
another outlet. When the proper
signal was given, the AC power to
the appliance outlet was toggled
on or off,

This still forms the basis of the X-
10 system, though the hardware
has not only improved over the
better part of two generations, but
also expanded to include RF- and
infrared-data transmission. Along
the way, the simple approach has
gotten a bit more complex, and
today’s X-10 controllers and receivers
are capable of a lot more than just
simple binary on-off operations.
Two-way capability, with sensors
reporting remote conditions, allows
home control to be interactive,

rather than just fimed responses.
The X-10 system started off with
a few simple control products, but
as other vendors took up support
for the system, it has developed
more into a confrol protocol.
Notice that | did not use the word
“standard.” That's because there is
no true “standard” other than what
X-10 and other vendors have
accepted fo insure interoperability
of components from different ven-
dors. The X-10 “language,” at vari-
ous fimes, has undergone some
modification and even extension,
with some vendors promoting their
own versions of X-10 “enhance-
ments.” The language has also been
extended to accommodate com-
mands that flow both ways. Today’s
home-control systems often have
sensors that report remote conditions.
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The Hawkeye motion sensor and NightWatch sur-
veillance camera are both affordable and tiny.

What's especially interesting is
the way that the X-10 system works.
When a command is given, a
packet is constructed and then
transmitted over the appropriate
media, usually the power line. This
packet is very much akin, at least in
concept, to those used on com-
puter networks and the Internet.
While | don‘t want to spend a lot of
time on the packet makeup (a
good description was given in the
August 1999 issue of Electronics
Now). the packet consists of a des-
tination address (the address of the
device being commanded) and
the actual command. In most
cases, this command remains in
effect until the controller receives a
second command. If you're inter-
ested in the makeup of this com-
mand structure and protocol, there’s
a library on X-10's Web site (ffp.x10.
com) where you can download a
wedatth of information and documents.

Obviously, the X-10 Web site
(www.x10.com) is a good place to
see what's available. There are a
number of good offers on this Web
site that can get you started with X-
10 technology for very little money.
Another Web site you should defi-
nitely pay a visit to is www.home
toys.com. The HomeToys Web site is
not just oriented to X-10, though
there’s a real wealth of X-10 infor-
mation ranging from beginner to
expert on the site. You can also find
out about other home-automation
approaches and the growing
world of home networking. A
download section lets you try out
trial and shareware versions of con-
trol utilities, and there’s even an e-
zine on home automation to read.

Another terrific resource for
home automation is at www.
smarthome.com. This site sells
home-control products from many

different vendors, and it's easy to
spend hours (even with a broad-
band Internet connection) examin-
ing the different products available.

TAKING THE PLUNGE

It doesn’t take a lot of money, or
effort, for that matter, to get started
with X-10 home-control equipment.
X-10 offers two starter kits; each costs
under $50. The less expensive of the
kifs is the “Firecracker.” When it was
first launched, X-10 made it available
for the cost of shipping—$6. Now,
there's a special price of $39.95, $10
off the regular price of $49.95. The
Hrecracker comes with four pieces of
hardware: a palm-sized controller
that communicates with a Wireless
Link Module using RF; a lamp module,
which plugs into an AC outiet and
controls a standard incandescent
lamp; and the tiny Ficrecracker con-
frol module, which plugs into a serial
COM port on your PC. At this price,
however, you have to download the
software from the Internet.

A step up in size, price, and capa-
bility is the $49.95 ActiveHome kit. This
kit has a 6-n-1 Universal Remote that
not only controls your X-10 setup, but
your TV, stereo, and cable box as
well. There's also a keychain remote,
the same wireless link and lamp mod-
ule included in the Firecracker Kkit,
and a transceiver module that also
performs as an appliance controller
SO you can have the system make
your coffee in the morning. A com-
puter module is also included for your
PC’s serial port. A Windows-based
confrol program—shown in the
accompanying screen capture—is
also included, so you don‘t have to
download anything. This software
makes it easy to poll and control the
various components of the X-10 sys-
tem you create.

PUNCH IT UP

A “true” robot is one that
responds to stimulus. To add that
capability to the X-10 system is both
simple and inexpensive. X-10 offers
many additional modules, but
some of the neat ones that you
might want to play with are the
HawkEye motion sensors, and the
different cameras. Pictured here
are a $29 HawkEye sensor and a
$49 NightWatch camera. The
HawkEye sensor is a PIR (Passive

‘SOURCE INFORMATION
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Infrared) type device, with a wire-
less RF transmitter that sends a sig-
nal to one of the wireless-link mod-
uiles. The NightWatch camera
includes a 60-foot cord with an
RCA connector. You can plug this
into a VCR or a USB adapter, letting
your PC monitor the image for
movement. The NightWatch is a
monochrome low-lux device; it will
produce an image in as little as 0.5
lux. Other cameras that X-10 offers
provide color images, and some
are available with wireless transmit-
ters and receivers.

Unless you order a battery-pow-
ered camera, most of X-10's tiny
video cameras are powered
through a small AC supply—an
obvious route for a system that
communicates over AC power
ines. You can order the camera
with a supply that’s switchable
using X-10 commands, which lets
you remotely scan through a num-
ber of different locations using mul-
tiple cameras with their power sup-
plies turned on and off in rotation.
X-10 will even supply kits with multi-
ple cameras, switchable power
supplies, and a controller.

The X-10 components are addic-
five. The Firecracker kit makes it
easy to start learning the funda-
mentals of scripting macros that
launch a sequence of operations.
For example, you could use a
Hawkeye motion sensor to deter-
mine when you get out of bed and
walk to the bathroom at night, turn-
ing on the bathroom light so you
don’t walk into something. If your
trip to the bathroom falls at a cer-
tain time, the system could start
your coffeemaker, unless it's the
weekend, when the time constraint
would be different.

What | like most about the X-10
system is that it's almost infinitely
expandable. The only limitations
are your imagination and your
budget. P




PEAK o5 omie

Wi’rh this issue’s emphasis on
robotics, the LtEGO MINDSTORMS
Robotic Invention System (RIS) is a
natural. The RIS brings the creation
of a very sophisticated level of
robotic device to the point where
pretty much anyone who is willing
to spend a bit of time learning the
system can make a robot that
researchers only dreamed about
just a few decades ago.

The MINDSTORMS RIS is covered
elsewhere in this issue, but one of
the reasons that the product—
intfroduced some two years ago—is
still enjoying terrific sales is the
LEGO philosophy of making the sys-
tem extendable and adaptable.
LEGO has done this by infroducing
new MINDSTORMS products that
complement the original RIS. Last
year, it was the infroduction of sev-
eral Star Wars-themed kits, while
this year has also seen a host of
new products introduced.

| CAN SEE!

The MINDSTORMS Vision Command
set is an interesting product, as it
can be used either stand-alone or
to give MINDSTORMS robots created
with one of the Robofic Invention
System kits some amazing new
capabilities. In either case, you'll
need a PC with a USB connecticn.
The Vision Command’s “ReadMe”
fle warns about some problems
that have occurred with laptops
and disclaims full support for the
new Windows ME operating sys-
tem. However, | fested Vision
Command using a Compaq Presario
1600 loptop running Windows ME
and experienced no problems.
LEGO does warn, however, that the
Pentium MMX CPU is not support-
ed; you'll need aft least a 233-MHz

TED NEEDLEMAN

The Vision Command set consists of a small camera, a stand that you build yourself, and unique soft-
ware for pattern and color recognition.

Pentium il to run the Vision Command
software. You'll also need Windows
98, a USB port, a 4X CD-ROM, and
an 800 x 600 SVGA display with 16-
bit color. That may leave some
hobbyists with slightly older PCs out
of the running.

Getting Vision Command up
and running is easy. The CD-ROM
self-starts, and after installing the
software, you will be prompted to
plug the camera into a USB port.
The camera itself is very small—
about 2 X 2% inches—and has a
LEGO look. There's a five-meter
cord that tethers the camera to
your PC, a microphone for captur-
ing audio, and a red LED that indi-
cates when the camera is “live.”
The focus, while adjustable, is not
remotely adjustable, so you'll have
to do this by hand. There’s also a
small button on the camera for
capturing still images.

Once the camera is attached
and adjusted, the hard part kicks

in—you have to build a stand for
the camera. Vision Command comes
with plenty of LEGO pieces, and a
“Constructopedia” provides step-
by-step and part-by-part instructions
for several camera-stand designs.
Most of those stands are adjustable,
though hand powered unless you
have a motorized accessory Kkit.

After the stand is finished, you'll
need to view the various tutorials to
find out how to use the Vision
Command, as the “Contructopedia”
is the only printed documentation
that’s included.

“SMART” VISION
FOR DUMMIES

The real worth of the Vision
Command is that you can program
the system for two things. The first is
to recognize that something is hap-
pening in the camera’s field of
vision. You do this by dividing the
camera’s field of vision into zones.
This is easy to do; a slider on the
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A complete tutorial walks you through the process of setting up and using the system.

right side of the image superimpos-
es a variety of zones and patterns
onto the videocam's transmitted
image. These patterns vary from a
simple small circle and a set of mul-
tiple circles located horizontally or
vertically to a sophisticated setup
that lets you determine whether an
object is moving across the field of
vision or towards or away from the
camera. You can aiso train the sys-
tfem to recognize colors. A color
target, with very vivid colors, is pro-
vided, or you can use the color of
an everyday object for this training.

Once an event has been detect-
ed, you can program an appropri-

Electronic Projects 1.0
By Max Horsey

A series of ten projects to build along with
audiovisual information to support hobbiests
during construction. Each project is complete
with schematic diagrams, circuit and PCB
layout files, component lists and comprehen-
sive text to guide the hobbyist through the
project. A shareware version of CAD-
PACK-—schematic capture and PCB design
software is also provided. Projects include a
reaction timer, logic probe, egg timer and
seven more. Get
your own copy of
this CD-ROM today.
$75 including ship-
ping in the U.S. [
Order from CLAGGK
Inc, PO. Box 12162,
Hauppauge, NY
11788. Visa, MC,
Discover, OK.
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ate response to that event. Of
course, what's appropriate not
only depends upon what you want
to take place, but what resources
you have to effect that response.
That sounds a bit more complex
than it really is. For example, if you
only have Vision Command and
not the RIS, you are limited to the
responses—such as an audible
alarm—that the software by itself
offers, This response is programmed
by using an on-screen building-
block approach that’s identical to
the one employed by the RIS. Pick
an action box, drop it onto a pro-
gram line on the screen, and your
program is created.

On the other handg, if you also
have the RIS, the software adds
instructions and allows you to cre-
ate RCX instructions that the RIS's
small computer will follow. If you
build a robot with mobility, you can
program Vision Command to scan
an area and, when it senses an
“Intruder,” generate an alarm and
folow the intruder around. To do
that, simply note when the “intrud-

SOURCE INFORMATION
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er” moves to one side of the field of
vision or the other or moves away
(by moving info a zone at the top
of the vision field). For those events,
select the appropriate movement
commands (turn left, right, or go
forward). None of these tasks is dif-
ficult to program, especially if you
follow the “training missions” con-
tained on the disk tutorial.

TED’S WISH LIST

Vision Command, like many
products, isn‘t perfect. For one
thing, the lack of any real printed
documentation is a drag. You not
only have to go through the com-
puter-based tutorials from start to
finish, you'll probably have to sit
through them multiple times as you
get more and more experience
with the system. That's part of the
learning process, but it's a real
pain. LEGO should consider some
real documentation, perhaps in
Adobe PDF format to save on
“dead trees.”

I would aiso like to see the cam-
era come with some additional
software to allow it to be used in
standard TWAIN mode. You can
capture video as AV! files to include
in e-mails, but as long as you have
a videocam connected to your
USB port. it should be usable for
videoconferencing.

In fact, with Webcams and other
PC videocams so popular and preva-
lent, a separate product consisting
of just the software, tuned to work
with a standard TWAIN-compatible
camera, would be a nice offering.
Once a hobbyist had the opportu-
nity to play with some of the Vision
Command capabilities, | bet a lot
more of the Robotics Invention
System kits would be sold.

Still, these are minor complaints.
Costing just under $100, Vision
Command is an interesting way to
get started in sophisticated pattern
and image recognition. Moreover,
if you already have a MindStorms
Robotic Invention System, it's a ter-
rific way to get your creative juices
flowing again. You can purchase the
Vision Command set just about any-
where LEGO MINDSTORMS are sold.
You can also visit the MINDSTORMS
Web site at www.legomindstroms.
com for MINDSTORMS retailers on
the Web. p]
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re robotic dogs vying for the

fitle of “Man’s Best Friend?”
Using my dog. Dante, as a control
subject, | conducted research on
comparative traits that exist between
Dante and various samples from
the digital-dog domain. The follow-
ing is a brief report
on the results found
during my taxonom-
ic investigation of
one said Dante the
Real Dog versus two
digital contenders—
Fisher-Price’s Rocket
the Wonder dog and Sony’s AIBO
ERS-210 (Sony’s second generation
AIBO).

Organs Or Sensors: Who Has The
Real Edge? It may seem unfair to
compare an electronic circuit to
an actual canine eye, but one can
compare how both digital and
genuine pooches register their
environment. Let’s examine how
each subject registers video (visu-
al) inputs. (NOTE: Rocket does not
possess a video input and therefore
will not be discussed in this section.)

AIBO (for the purpose of this arti-
cle, AIBO shall refer to AIBO ERS-
210) comes equipped with a

MORT COLLINSWORTH

Complimentary Metal Oxide Semi-
conductor (CMQOS) image sensor.
The CMOS sensor captures light by
means of tiny photodiodes; each
photovoltaic diode corresponds to
a single pixel. Tiny transistors circle
each photodiode and amplify the

There’s a new breed of dog in town and its name is
Digital. Let’s take a gander at the electronic litter
and see how two digital dogs compare to the

analog—fur-and-gut—mutts.

image intensity. Critics cite CMOS
images as inherent to both noise
and low-light sensitivity. As a result,
image quality is lacking after the
analog-to-digital conversion. The
bonus of CMOS technology is low
cost. The silicon used in producing
a CMQCS chip is the same as most
common ICs. An infrared distance
detector is mounted inside AIBO’s
head. This distance detector works
in union with the CMOS camera.
Together, both systems provide
AIBO with a three-dimensional view
of the world.

In comparison, Dante (who is
strictly analog) uses an intricate sys-
tem in order to capture images.

DIGITAL DOGGIES

Whereas a CMOS chip captures
light and transmits it to an analog-
to-digital converter, the dog’s
organ absorbs light through the iris;
it is reflected by a mirror-like mem-
brane known as a tapefum lucidum.
This membrane increases light sen-
sitivity. Yet, the CMOS
chip offers a truer
array of colors. Dante’s
world is mostly gray
and blue, with green,
red, yellow, and
orange all appearing
to be the same
color. A canine has trouble distin-
guishing forms and patterns;
instead a dog has keen sense of
motion detection.

So, in the field of image capture
there are some major differences.
AIBO has a sharp resolution, but
poor exposure due to coarse light
response. Dante The Dog has near
colorless and blurry vision, but he
can detect objects in low-light
conditions. An ability that AIBO has,
that no ordinary dog can dupli-
cate, is picture storage. AIBO auto-
matically clicks one picture a day
for his personal diary. These pictures
can be reviewed via software.
Dante cannot share his visions with
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Keep up with Rocket's latest adventures at his Web site. There are some neat video demonstrations

on-site.

us. One point is awarded to AIBO.

Training Your Mutt. When it comes
to ease of training and fun resuits,
Rocket the Wonder Dog scores
high. The kind folks at Fisher-Price
shared some information about
their robot, which is geared
towards young pre-teens. Rocket is
programmed with voice com-
mands by means of the Personal
Puppy Trainer (PPT). The PPT con-
tains a voice-recognition circuit
chip that allows users to program
the digi-dog with their own voice.
This feature allows multiple users to
frain Rocket. Trainers can give
Rocket a name to associate with
his separate command listings. The
PPT is a combination headset and
microphone that children use to
orally command Rocket. Commands
are familiar dog commands, such
as sit, roll over, and beg. So, if little
Johnny says, “Fido, sit.” then Rocket
will execute the st command for
Fido. This is pretty neat for a toy that
retails at just about one hundred
bucks.

AIBO, on the other hand, is scft-
ware driven by means of interac-
tive soffware. In order to enjoy
AIBO, the owner must purchase a
software bundle, a Sony wireless-
LAN card designed for AIBO, and a
wireless-LAN card for the PC. AIBO
uses IEEE 802.11b LAN standard
technology and the response range

of AIBO’s LAN card is approximate-
ly thirty meters. There are currently
four software packages available.
Those packages are:

LIFE—This program allows AIBO to
mature from baby to teen and up
to adult, With each passing stage.
the robot begins to develop new
skills and master communication
with its co-inhabitants.

Party Mascof—AIBO is billed as
an entertainment robot and right-

AN Pl GEMERATION - Metsnaps

fully so. This software allows the user
to track the robot’s growth and
play up to eighteen games.

Hello AIBO—Users can even skip
the growing pains and jump
straight to AIBO’s aduithood. This
software allows owners to enjoy all
of AIBO’s adult characteristics.

Fun Pack—This package allows
owners to view AIBO’s photo jour-
nal and also offers some new quirks
and traits to breathe more life into
the pet. This particular package
must be used in conjunction with
either Life or Hello AIBO.

After the dust clears, a consider-
able amount of money has been
spent in order to take full advan-
tage of AIBO. The network compo-
nents and one bundle of software
can cost nearly $500. This hefty
price tag proves, once again, that
AIBO is not just a toy—he is an
investment.

Dante has gradually learned to
communicate with his adopted
family. Using barking and visual
commands, the dog has success-
fully trained its owners to open
doors for him. Other pets in our
neighborhood seemed impressed
with Dante’s progress in the field of
human training. As for my wife’s
and my training abilities, we aren’t
doing too bad for seven years.
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Dante has a repertoire of at least
ten tasks, and he is housebroken.

Cracking The Code. It was only a
matter of time before a Web ring
was developed for AIBO. One por-
tal to the Web ring is www.
aibonet.com. This site has a pletho-
ra of information contributed by
AIBO owners from around the
world. The “software” section fea-
tures cracks of AIBO’s database
code. The prefix for AIBO files is
*ODA, and a comprehensive break-
down of the code is located at
www.aibonet.com/sp/gen/odafor
mat.himl. There hasn’t been much
luck programming AIBO to perform
extraordinary acts, but with the use
of a software editor (found at
www.aibonet.com/sp/gen/tools.ht
mi) users can delve into AIBO's
memory stick and see how the
pooch stores data.

AIBO.NET provides links to sites
from as far away as Japan. One
site that provokes interest is a
Japanese site entitlied AIBO x-ray.
The site is located at www.
nnc.ne.jp/~as212/aibo/x-p.htmi
and offers a photo spread of
AIBO’s x-ray images. If you don‘t
have a Japanese character set
loaded for your browser then the
text will be cryptic gibberish.
Nonetheless, the pictures do not
need a translation and westerners
and easterners, dlike, can enjoy
the images.

Come On Baby, Do That Servo-
motion! | remember watching in
half-horror and half-amusement, as
my crazy dog attempted to leap
up our wooden stairs in a single
bound. What a disaster... In my
dog'’s defense: No servo-driven bot
could negotiate those stairs at that
speed. Yet, servos can help both
Rocket and AIBO move about the
home.

Rocket has a total of seven
motors. He has one for each leg,
one for his tail, one for his eyes, and
one for his head. A touch sensor is
located in his nose to alert him
when he slams into walls and such.
AIBO has servos to control its legs,
ears, head, mouth, and tail. Both
binary beasts move about on com-
mand, but neither is as nimble as a
flesh and blood dog.

Training Dante takes time and patience. I am
waiting for his software patch to arrive by mail,

AIBO makes use of IR distance
sensors for navigation. In a sense
(pun is intended), AIBO flops about
the place, making adjustments
based upon IR feedback. This
method has been shown to be
more successful than simple touch
avoidance. After all, when the
touch is felt. hasn’t the coillision
occurred? IR navigation also aliows
AIBO to detect ledges and steep
drops in order to avoid self-inflicted
destruction.

Dogs use the combined efforts of
image input from their eyes, inner
ear balance, and tail counter bal-
ance for negotiating the terrain, It
seems that age has caught up with
Dante’s acrobatics, but he hasn‘t
run out of batteries in seven years
and he seldom walks straight into
objects (besides, clumsiness is an
adorable trait).

You Get Your Money’s Worth.
AIBBO can be purchased at
www.sonystyle.com for the high-
tech price of $1500. Rocket is avail-
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Part robot, part action-hero, Rocket is seen here
enjoying time with a child of Earth. Underneath
all that plastic is some pretty impressive tech-
nology. Unfortunately, we couldn't get a pooch
for use in the lab. Apparently, some organiza-
tions object to post-mortem dabbling involving
robotic dogs.

able at toy stores everywhere for
around $100. Dante was rescued
at a shelter for much less (in fact, all
parties benefited in Dante’s case).
Each product dellvers its cost and
then some.

Rocket is an entertaining toy for
children. He has some nifty internal
robotics. Rocket cannot be modi-
fied beyond the pre-programmed
commands. Oh, but who knows? |
am sure some diligent readers of a
mag by the name of Poptronics
could manage to tfinker with the
pup.

AIBO is expensive, but compre-
hensive. Living up to its name (in
Japanese, AIBO means compan-
ion), this entertainment robot is a
masterpiece of an artificial life
form. Users can interact with their
purchase like a family pet.
Software-driven recreation and
hurman-to-machine bonding make
AIBO a trendy possession. Information
can be found both at the SONY-
STYLE site and at www.aibo.com.

Dante is not for sale (my wife
would kil me), but hundreds of
wayward mutts are available each
day at your local pounds and shel-
ters. Although you can neither turn
them off nor purchase software for
upgrade purposes, the original fur
and guts dog can’t be beat. Yes,
age does wear them down; but
doesn’t time get us all?

So which pet offers the bigger
bang for the buck? Let's take a
look at some estimated figures.
After paying a generous donation
to the animal shelter, the vet bill for
neutering, a bill for a rabies vac-
cine, and a license fee, Dante’s
total bill was approximately $160.
Rocket costs $99 retail and battery
upkeep is less than $20 per month.
AIBO might require a small signa-
ture loan for some mid-income
families. The initial cost is $1500 plus
an additional $300 in network
equipment, not to mention the $90
charge for AIBBOware’s Life sofi-
ware. AIBO’s grand total is in the
neighborhood of $2500. Of course,
there is periodic maintenance
charges and vet bills (My wife and |
invested in puppy healthcare
about two years ago and it is worth
every penny). So who is the bettfer
value? That answer, of course, is up

(Continued on page 36)




The EXecutive BDM

URSULA R. KIDDEN

xecutive toys have probably been around since

before society developed the need for executives.
Of course, the “executive” part of the phrase wasn’t
used. We're talking toys, here: simple devices
designed to amuse and dazzle small children.

I'm sure that many people will laugh derisively
over that definition—if toys are for children, then
executive toys are for executive children.
Indeed, the popular perception is that
most executives are simply over-
grown children that don’t do much
from day to day except sit behind
a big desk playing with pencils and
paper clips as impromptu toys; the
rest of the workforce sfruggles and toils to earn
enough profits to pay the executive’s salary.

The flip side of the coin is that executives must make
the “tough” decisions—decisions with far-reaching
consequences. What's more, an executive deci-
sion many times has no room for arror. One small
error in judgement can spell the difference
between success and failure for a company. The
results can range from missed opportunities to
“downsizing” to the total collapse of the organi-
zation—putting everyone on the unemploy-
ment line, including the hapless executive.

Executive toys run the gambit from three-
pound yo-yos (yes, | have such a beast!) to
the five-steel-ballis-on-string devices to
spinning tops made from
magnets to miniature bas-
ketball hoops that clip over
the rim of the wastebas-
ket. In general, those
types of e.t.’s (executive
toys) don’t want to
“phone home”—their pur-
pose here on Earth is to act
as “timesinks.” In the same
way a heatsink’s job is to
soak up excess heat, a
timesink’s primary (if not
sole) job is to soak up time—
fime usually better spent on
accomplishing something
with your life. Many people

(myself included) see time-
sinks as inherently evil. After
all, it's usually easy to re-
place heat; it's darn near
impossible to replace timel

When | hear the phrase
“executive toy,” | don’t

think of a proverbial “time-waster.” | usually think of a
device that, although whimsical in nature, actually
does something—albeit in an inefficient "Rube-
Goldberg”-esque way. | also see a finished project—one
in which |
invested
toilt and fime
in order to
complete.

The Executive
BDM presented here is just
such a device. It was built
based on plans provided
by Robert Penfold, author
of Infroducing Robotics
with Lego Mindstorms. That
book is part of Bernard Babani's
“Unofficial Guide” series (see the
“Get The Book” sidebar for more info).

A Man And His Robot. The Executive
BDM, while not a “robot” in the tradi-
tional sense, is built (f you couldn’t
guess from the title of the source book)
from components available in the LEGO
MINDSTORMS Robotics invention System.
While there are many other “traditional”
robot projects in Penfold’s book, the
Executive BDM is a prime example of the
“non-traditional” project that helps you
think “outside the box” in terms of cre-
ative use of Robotics Invention System
components for a device of a different
nature.
In essence, the Executive BDM is a
binary decision-maker (Oh, that’'s what
BDM stands for!) capable of solving daily
dilemmas that require one of two possi-
ble answers. In a sense, it is an electronic
coin-flipping device. What makes the
Executive BDM stand out from its predeces-
sors (such as dart boards and spinning arrows)
is its mechanical design and innovative use of
dlternative programming in the LEGO MIND-
STORMS world.
The completed robot fits in the pam of
one’s hand. It looks like a miniature seesaw on
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a LEGO platform. Like the proverbial Magic 8-
. Ball toy, simply ask the

/‘ﬁ” Executive BDM a “yes/no” ques-

[ S fion and press the run button on

the RCX controller. The
mechanism will bobble up
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and down a number of times
before coming to rest; the answer
can be whichever side you choose
to be the “answer side”: the side
touching the ground or the side ris-
ing in the air.

Let’s take a closer look at the
mechanics involved in the project.

Big Wheels Keep On Turnin’. The
Executive BDM is a miniature mar-
vel merging both
mechanics and elec-
fronics. There are over
fifty LEGO parts in-
corporated in the
robot’s design. The

a base, two arms, two

mounting fowers, a

seesaw platform, two touch sen-
sors, a motor, and the LEGO MIND-
STORMS RCX microcontroller.

The structure consists of a seesaw
driven by a two-stage reduction
drive. A pair of touch sensors are
mounted to the bottom of the
moving platform; their job is to tell
the system when the seesaw
reaches bottom and fo reverse the
motor. The platform relies upon the
two arms for limiting its movement.

The reduction drive is used in
order to prevent the device from
self-destructing due to high-speed
movement. It seems that the LEGO
motor, like many hobby motors,
packs a lot of punch for its size.

The drive system uses a small pul-
ley on the motor’s spindle to drive
(via a rubber-band-like belt) a larg-
er pulley. That pulley’s axle drives,
in turn, another small-pulley/large-
pulley combination. The second
large pulley is attached to the mov-
able platform’s axle. The motor must
be reversed periodically for the
rocking motion.

Although the drive system is sim-
ple and straightforward, ['m sure
you're wondering what would hap-
pen if one of the sensors failed?
Would the Executive BDM's motor
continue to spin and eventually
overheat, or perhaps break the
platform into its constituent LEGO
components? The situation certain-
ly sounds similar fo an arrangement
once used in the computer indus-
fry. Those who might remember
(fondly or otherwise) the Commodore
64 might recall the two types of

floppy drives that were available:
the 1541 and the 1571. The 1571
was the higher-priced unit; it had a
real floppy drive inside—including
the control electronics. The 1541,
on the other hand, was much more
popular due to its lower cost. That
cost reduction came from the elim-
ination of the control electronics;
the unit was littte more than the
mechanical components of a flop-

When you hear the phrase “executive toy,” what
image appears in your mind? If you envision a
well-clothed business-type awaiting the train, fid-
prototype consists of  dling with a band-held video game, think again...

py drive. The motors, read/write
heads, and sensors were directly
controlled by the Cé4’'s micro-
processor.

You might be wondering why I'm
bringing up this dreary little tidbit of
ancient computer history—I'm get-
ting to that part. At least one pro-
gram had a nasty little “copy-pro-
fection” virus intentfionally buried
within its code. If the program
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Fig. 1. Any robotics project—even one built
from LEGO MINDSTORMS components—
needs to start with a sturdy foundation.

detected that you were running
the software from other than the
original media (and therefore,
using an illegal “bootleg” copy)
and you had a 1541 drive, a com-
mand was issued to the drive-con-
frol routine: move the read/write
head to track -5. The processor
would start sending pulses to the
head’s stepper motor, counting
each pulse. Of course, once the
head moved past the track zero
position, it slkammed full force into
the mechanism’s end stop. The sys-
fem would detect that the head

was not in position, pull the head
back a few steps, and slam it into
the stop repeatedly.

The result was a destroyed drive,
If you were lucky, the head could
be readligned. If not, you could
always fill the drive with concrete
and use it as a boat anchor.

Luckily, the worst that could hap-
pen to a LEGO-Systems-based
device is that a few parts might
snap off or possibly
break. Replacement
parts are inexpen-
sive  and  eaqsily
ordered from the
manufacturer.
However, | wanted
to alert you to this
subtle design flaw in
the Executive BDM. While a crank
arrangement might be a better
idea. it would be harder to have
the seesaw stop at an extreme
position due to inertia of the drive
mechanism. | haven’t experiment-
ed with such a variation, but the
original design hasn’t failed me yet.

Let’s get back to the Executive
BDM’s design. The RCX “brain” is
connected to the unit with only
three sets of wires (oh, the beauty
of LEGO). Unlike the nitty-gritty
breadboard bots constructed with
other kits. the LEGO MINDSTORMS
line prefers fo avoid the intricacies
of semiconductors and circuit
design. Instead, the electrical and
electronic components are housed
with LEGO-compatible shells that
look, act, and interconnect with
other LEGO pieces. When electri-
cal wires are needed, the leads run
from each device as necessary. In
the Executive BDM, the two sensors
have wire leads that connect to
inputs *1” and "3” on the RCX; a
third pair of wires connect the
motor to oufput “A.” The electrical
connections are no harder than
snapping one LEGO piece on top
of another.

Playing With...Er, “Building” With
LEGO MINDSTORMS. To build the
Executive BDM, you’ll need the
LEGO MINDSTORMS Robotics Invention
System. All the pieces and support
equipment are included in that
one box. I'll also assume that
you're somewhat familiar with how
the LEGO system works and how




the various pieces in the Robotics
Invention System work. If you think
that you're “too old” to be “play-
ing” with LEGO, take heart.
Reading the instructions through
once and following them carefully
(along with the aid of detailed
photos). | managed to complete
the “little bugger” in less than one
hour. If | can do it, you can, too.

To describe the various LEGO
pieces needed, we'll use an identi-
fication system obvious to anyone
who has ever worked with any
LEGO System components. An
important part of the LEGO infer-
locking method is a series of raised
bumps on the top surfaces of the
pieces. If, for example, the piece in
question has two rows of four
bumps on it, we'll call it a "4 x 2.”
That being said. let’s get a-building!

Like the hero of the Horatio Alger
stories, we’ll start at the bottom and
work our way up. The base consists of
several flat pieces and plates: a 10 X
6,a10x 2 aparof8 x 1s, and a6
X 2. Place the 10 x 6 and the 10 x 2
to form a 10 x 8 surface. The 8 X 1s
go on either end; the surface now
measures 12 X 8, Place the 6 x 2 at
one comer so that it runs along the
12-bump direction.

To hold the base together, gath-
er four 12 x 1 beams and two 4 x 1
beams. Note that the beams have
holes through their sides. Use a pair
of pins supplied with the kit to lock
two beams side by side. Another
pair of pins connects the 4 x 1
beam to the right side of the dou-
bled beam, offset by one hole (the
end hole dlready has a pin in it).
You'll need two assemblies.

Each assembly snaps onto the
base plate, locking the flat pieces
tfogether. An additional 4 X 1 beam
on the right side of the base picte
spaces the beam assemblies
apart. Note that the rear beam
assembly will overhang the base
plates. The 6 X 2 helps support the
rear beam assembly where the 4 X
1 beam is connected. The final
assembly is shown in Fig. 1.

Limiters. The next assemblies 1o
add are the arms that iimit the see-
saw’s fravel, Again, two assemblies
are required. For each assembly,
place a4 X 1 beam on top of a 6
x 1 beam so that one side of each

Fig. 2. These posts set the travel limit for the
Executive BDM’s seesaw.

piece is flush (the pieces should not
be centered). A 2 x 1 plate goes
on top of the 4 x 1 beam, building
up additional height for the 2 x 1
beam that snaps on top of the 2 X
1 plate. Those shorter pieces are
centered on the 4 X 1 beam.

A pair of 5 X 1 half-thickness gird-
ers are pinned together through
their first (one end) and fourth
holes. The portion of the pins that
stick out on one side attach the
girders to the beam assembly
through the single hole in the 2 x 1
beam and the center hole of the 6
x 1 beam (note that there are five
holesinaé x 1).

After you build a second identical
unit, snap them onto the base assem-
bly. One limiter sits against the 4 X 1
beam on the base assembly. Note
from the Fig. 2 photograph how the
limiters are offset and overlap each
other by two bumps.

Support Towers. The support tow-
ers, while somewhat flimsy in design,
support the seesaw without a prob-

Fig. 3. The base takes on a new look with the
support tfowers in place.

lem. They are made from a pair of
yellow girders that look like they are
bent at 90° and have a 45° cham-
fer in them. Two types of pins are
used in this assembly: gray pins that
are half standard pin and half axle,
and black pins that are axle-like on
both ends.

Study Fig. 3 to see how the
pieces are positioned on the base.
One of each type pin is used to
connect the girders at the top
where they overlap. An addifional
pair of gray pins connects the fow-
ers to the base. Note how the 4 x 1
beam in the base fits fo one of the
tower girders, acting like a spacer.

An additional gray pin fills the
center hole of the rear tower. That
pin will act as a pivot for the see-
saw. Leave the center hole in the
front fower empty for now.

Seesaw. A pair of very long beams
makes the basis of the seesaw.
Each beam is fabricated from six
beam pieces arranged in two rows.
One row consists of a 16 X 1 beam
with 10 X 1 beams on either end. A
pair of 16 X 1 beams butted
against a 4 x 1 beam forms the
second row. Each row is the equiv-
alent of a 36 X 1 beam. Place the
rows side by side and pin them
together with ten pins. One pin
should be used at the end of each
individual piece. Don't put a pin in
the center hole of the middle
piece—that's where the pivots will
eventually go. The completed
beams form a 36 X 2 beam assembly.

Several plates hold the beams
together. Turn the beams over and
put a 10 x 2 plate on the bottom af
each end. Have the plates overlap
the end of the beams by one
bump. An additional pair of 8 x 1
plates hold the beams together.
Place them next to the 10 x 2
plates, spanning from one beam to
the other.

Carefully turn the seesaw assembly
right side up. A pair of 8 X 1 beams
acts as end caps to the beams; they
connect to the “lips” of the 10 x 2
plafes sticking out from the ends of
the main beams. For further rein-
forcement, put a pair of 8 x 2 plates
over those end-cap beams.

The completed seesaw is shown
in Fig. 4.

Two final bits of detail include the
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Fig. 4. The seesaw is a simple frame-like assembly made from many small parts.

decision indicators and an axle
lock. Put a pair of 6 X 2 plates at
either end of the seesaw. An 8 x 1
beam sits on top. Those beams will
be labeled with the decision slo-
gans you'd like to use on your
Executive BDM. Mr. Penfold used
"NO WAY!!!" and “GO FOR IT” in his
book. Other combinations that you
could use include;

Yes/No

True/False
Republicans/Democrats
Left/Right

Stop/Go

I’m sure that you can come up
with an appropriate combination
for your particular application.

Any labeling method that’s com-
patible with the plastic used in the
various LEGO pieces wili do nicely.
Self-adhesive labels printed on a
computer are neat and attractive.

The axle lock is simply a 3 x 1
girder connected to the inner side
of one of the beams. Place the
piece with one of the end holes
over the cenftral hole of the beam
assembly. Pin the piece in place
with a peg that has a short fitting
on one end; the regular pins won't
hold the girder tight.

Sensors. The fwo sensors (actually,
fouch switches) tell the Executive
BDM’s software when it's time to
reverse the motor. Mountfing them
on the bottom of the seesaw, while

Fig. 5. This sensor is ready for mounting on the
seesan.

a bit difficult to describe, is straight-
forward.

Start with a 6 x 2 plate. Three 2 x
2 parts are mounted on top: two 2
X 2 plates and a 4 X 2 right-angle
piece. The angled part of the 4 x 2
will hand down off the side of the 6
X 2. To the bottom of the free sec-
fion of the 4 X 2, mount one end of
awire lead and a 6 x 2 touch sensor.

The completed sensor is shown in
Fig. 5. Don’t forget to build a sec-
ond assembly as well.

The sensors mount to the bottom
side of the seesaw assembly. Turn
the seesaw over and mount the
sensors. The 6 X 2 plates act as a
mounting area; position them one
bump location away from the see-
saw'’s inner cross brace. The switch
will hang down between the see-
saw beams.

Motor And Drive System. Before
we get to the motor and pulieys,
we should mount the seesaw to the
base and support towers. Take the
seesaw assembly and carefully put
it in place between the two sup-
port towers. The central hole of the
seesaw’s rear beam fits into the
pivot peg we put in the rear fower.

A 3¥%inch (94 mm) axle slides
through the central hole of the
front support tower, the central
hole of the front seesaw beam, the
axle lock, and the rear seesaw
beam. Push the axle in as far as it
will go, short of pushing out the
pivot pin. You might need to hold
the axle lock in place so it doesn’t
pop out or get loose.

Rock the seesaw and verify that
the touch sensors are triggered by
the limiters as the seesaw reaches
its maximum travel in either direction.

We're now ready to add the
motor. The support base isa 10 X 2
plate mounted behind the front-
right support-tower leg. This plate
should extend beyond the end of
the base by three bumps. You'l
also need a 2 x 1 plate behind the

10 X 2 plate fo form a flat surface
for the motor.

Once you've added the motor
itself, fit a small pulley (the smallest
size available) to the motor’s spin-
dle. Insert a Vi-inch (31 mm) axle
into the fifth hole up on the front-
right support-tower leg. The largest
size pulley goes on the “inside” half
of the axle; another small pulley is
pressed on the “outside” half,

A second large pulley presses
onto the axle that drives the see-
saw. Finish up with the drive belts: 1-
inch (25 mm) diameter blue bands.
Adjust the pulley’s along their axles
so that the drive belts are aligned.
Secure the large pulley on the see-

LISTING 1 N

Private Sut Command1_Click()
With Spirit1

.Initgomm «
SelectPrgm 1
.BeginOfTask 0 p
.SetSen%’or'l'ype 0,1
.SetSensorMode 0, 1, 0 . L
.SetSensorType 2, 1
SetSensorModa 2, 1,
SetVar 2, 4, 14
SumVar 2, 2 &
“On g

.SetRwd "0"

Loop 2, 0 o
140,2,2,2,0 ;
Off 0" ., ¢

StopAliTasks =

.Else, + .

While 9,2,2,2,0 %
EndWhile ; -
.SetFwd “0” - .
.SubVar 2, 2, 1

.Endif o
10,2,2,2,0 \

Off “0" 4

E ) *

.StopAliTasks -

.Else ¥ : ;
While 9,0, 2,2,0
.EndWhile . P
SetRwd 0"

SubVar 2, {%%,1

Endif 4 = éi 5
.Enchfop ! @
.EndOfTask ~ -

End With
End Sub ,
Private Sub Command2_Cli
Spirit1.CloseComm
End

End Sub




LEGO MINDSTORMS ON THE NET
L g %

You can visit the LEGO MINDSTORKS
Web site at www.mindsiorms.lego.com for
up-to-date information on new products
and new designs. This site is the official
Web site run by LEGO. b
Features Include both “Master Bullders®
and "Master Coders” sacfions that offer
plans and programming from LEGO in<
house engineers, as well as current prod-
et descriptions,

There are numercus expansion packs
available for the LEGO MINDSTORMS
line. LEGQ and George Lucas have
teamed wup to create the Darkside
Developer and Droid Devaloper kits. In
addition, you can order separate sensors
for your designs. Who knows what a littlle
reverse engineering can: do fo a LEGO
temperature sensor? ,There are also links
available to other LEGD MINDSTORMS
fan’s sites and discussion forums.

saw axle with fixing nut.
Compare your handiwork to Fig.
6; make any corrections necessary.

The “Home Stretch.” The final
touch on the Executive BDM s
adding the RCX confroller to the
center of the seesaw. Be sure that
the unit's weight is balanced as
well as possible over the seesaw’s
axle.

The wires from the sensors are
connected to the number 1 (left)
and 3 (right) inputs on the RCX; a
third wire connects the motor to
the "A” oufput.

Since the LEGO MINDSTORMS
design on wires changes polarity
depending on the direction the
wire bricks are plugged in, note the
directions in Fig. 7, which shows the
completed unit.

With construction complete, if's
time to program the RCX with the
Visual BASIC software.

Forty Lines Of Code And All | Got
Was...Penfold uses Microsoft’s
Visual BASIC in lieu of LEGO RCX
code. The Active X control pack-
aged on the LEGO MINDSTORMS
Robotics Invention System’s CD-
ROM is called "Spirit.ocx.” This con-
trol allows virtually any language
adaptable to the Windows envi-
ronment to be used fo program the

LEGO RCX microcontroller.

So what makes this robot fick?
Let’s examine the software shown
in Listing 1 a bit closer. The program
is written in Visual BASIC. Programmers
unfamiliar with Visual Basic will find
it fairly easy to master on rookie
level.

The entire program performs only
one task. The listing begins with the
initializing of the two sensors as
inputs, This step is followed by two
commands, which are Setvar and
SumVAR. Together, these commands
create a pseudo-random number
generator that allows for random
outcomes. The motor-control com-
mand is incorporated inside a loop
along with the random number.
When a result of zero is reached,
the motor stops and then reverses
direction. A mirror image of the
previous loop is then inifiated and
the motor runs in the opposite
direction; hence, the unit rocks
back and forth.

) ¢ Get The Book o

A
£ . s KN

Both of Robert Penfold's books are avail-
able through the Pupimnics on-line book-
store, v gernsbacir com). The original
article, “Executive Toy!' was published in
Infroducing Robotics with LEGO MIND-
STORMS. The publisher is Bernard

5

Babani, Ltd. of Londdh, England. L

i £ s

All in all, the brains needed for
the Executive BDM barely scratch
the surface of the true power of the
RCX microcontroller. The RCX has
the ability to multitask up to ten
separate jobs in parallel. Features
and resources of the RCX include
four timer circuits with a resolution
of 100-mS each. In addition, the
RCX has three 9-volt power out-
puts, The LEGO microconfroller is a
streamlined powerhouse. Many
projects that are more complicat-

Fig. 7. Voila! The Executive BDM is ready to
make the toughest of decisions.

e
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Fig. 6. Note the intricate design of the Executive
BDM'’'s drive system. The two-step reduction is
evident.

ed can be built with it.

LEGO maintains a Web site at
www.mindstorms.lego.com, where
they offer a free software develop-
er’s kit in their "Master Coders” sec-
tion. This kit fully explains how to use
Spirit.ocx to write RCX code with
Visual BASIC. Downloading that
package is strongly recommend-
ed. Using both Penfold’s text and
the LEGO resource document,
aspiring programmers can attempt
to master the command set of
Spirit.ocx and unlock the full poten-
tial of the RCX micro-controller.

The command set for Spirit.ocx is
not complicated. For instance, in
order to control the motor’s direc-
tion of movement, the software
uses RwD for reverse movement and
FwD for forward movement. Those
two commands allow the user to
change the direction of the plat-
forms movement

The software is downloaded to
the RCX via an infrared link and
instructions provided in the LEGO
MINDSTORMS kit.

Aspire, Adapt, Evolve. With a press
of the RuN button on the “brick,” the
creation suddenly sprung to life
and began to rock to and fro. |
secretly thought to myself, "Should
| apply to win the Nobel Prize for
contributions to the field of robot-
ics?” Precious time and sweat had
finally paid off as my Executive
BDM ground to a halt and made its
first decision.

The Executive BDM is a formida-
ble infroduction to using alternative
programming languages in con-
junction with the LEGO MIND-
STORMS Robotics Invention System.
Yet, one eventually yearns to delve
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into more advanced projects.
Penfold’s book does offer more

complex projects to whet the

appetite of the fledgling engineer.

Check out this month’s “New
Literature” column, which reviews
the book’s sequel, More Advanced
Robotics with LEGO MINDSTORMS.

The Executive BDM works. it gave me
a sobering (and obvious) answer to
my question. Perhaps I'll ask it for the
winning Lottery numbers, instead. [3

DIGITAL DOGGIES
(continued from page 30)

to the consumer (my vote is for
Dante).

For Whom The Bell Tolls. Neglect
is a condition each pet adapts to
differently. If a child ignores Rocket
for quite some time, Rocket will try
to attract attention. Subtle whines
and whimpers try to alert the owner
of the neglect. If Rocket’s calls go
unanswered, then he will simply go
to sleep (he actudlly snores on
occasion). AIBO also tries to keep
its owner entertained. Eventually, if
no one plays with AIBO, he too
goes into hibernation. In time both
digital pets would run out of bat-
tery power and lay dormant on the
floor.

Of course, we know what hap-
pens if real pets are neglected.
There might be a nudge from a
furry paw, followed by persistent
barking. If a live pet is left alone for
too long without care the results
could be fatal. Grooming, feeding,
bathing, and physical contact are
necessities of life to a domesticat-

e

AIBO’s Makeover

AIBD hit tha markets back in June

1988, This first generation AIBC (an
acronyr for Arfificial Intelligence Robol
,and Japenese for companion) soid for
$2,500 and only 5000 were made. The
3000 units allotted to Japan sold in only
twanty minutes. Arlist Sorayama Hajime
drew the original design. Sorayama is bet-
ter known for his erctic illustrations of fam-
Inine robots,

A few physical changes were made
with tha sacond generation of AIBC. The
pup no longer has droopy ears, instead ha
now has the conical ears of a predator.

$Tha largast technological leap for the sec-

ond generation is its ability to leam and
adapt from lts environment and through
software. The second generation AIBO
ey be as cute and {'.uddly as itz kin, but
now the robot has the 6otenllal 1o lzarn
and matura: w5

S kS
G

ed, living pet.

Each pet, electronic or breath-
ing. must avoid certain hazardous
conditions in order to prolong its
life. For instance, both AIBO and
Rocket can meet an untimely
demise if submerged in water. Of
course the products can be sent
back to the factory and either
repaired or replaced per warranty.
Old-fashioned dogs can survive a
pleasurable jaunt in a sprinkler’s
spray or even a quick swim in a
bay. AIBO has a built-in safety fea-
ture that turns off all servos if he is
shaken violently, suffers a hard fall,
is liffed off the ground, or detects
his legs are stuck. When AIBO
enters his self-paralysis mode, he
can still interact with his environ-
ment. A simple touch on the head
or a gentle squeeze of his front
paws will free AIBO from suspend-
ed animation.

From A Toy Manufacturer
w Far, Faraway...
%

D Buzz Aldrin first welcomed Roodket
to earth when he landed outside of Mars
(2112 in Manhattan, during the last holiday
seasun of the old millannium, Since his
debut, Rocket has managed to multiply in
numbars and oSclpy thousands of homes.

Designed for preschoolers ‘and up,
Rocket was created with simplicity and flin
in mind. He is operated aithar by simple
button activation or with the Psarsonal
Juppy Trainer mentioned in the text of this
article,

%9 A % o 2

It is a small fragedy when one
loses a family pet. Children who
become attached to electronic
pets are instilled with a false
sense of stability. A child knows if
he whines enough, then he will
be able to negotiate the pur-
chase of a new toy when the cur-
rent one breaks. Electronics can
be fixed. Real dogs can also be
fixed, but that procedure is not
one of resurrection (have you
ever seen a pet’s expression after
one of those visits to the vet?).

. WEB SITES

k3

¥ 4

FISHER-PRICE
ROCKET THE WONDER DOG
Www. fisher-pricesus/irocket

o

SONY AIBD
www.aibo,com

The selection of digital dogs can
prove to be a useful learning tool
for children. Kids can develop
their care-giving skills and respon-
sible  nature without conse-
quence, while playing and inter-
acting with their electronic pets.
Those skills can later be applied
to real animals and even fellow
humans. After all, it is much easi-
er learning the facts of life on a
playful basis.

What's Next? It's looking like a rev-
olution is brewing in consumer
electronics. As chips keep getting
smaller and more circuit dense,
toys are becoming more animated
and interactive. Perhaps great
visionaries like Issac Asimov and
Woody Allen have already shown
us a glimpse into our future—Man
and Robot sharing societies.

It doesn’t look as if androids will
hit the market this coming holiday,
but the market for Al companions is
developing rapidly. It is only a mat-
ter of time before the first human-
type robot is introduced. Will peo-
ple choose electronic children over
the flesh and blood version? There
would be no hospital fees, no col-
lege tuition, and no moral dilem-
mas to pester parents. This is all
meant in jest, of course. No matter
how amazing technology appears
to be, there is a sharp boundary
between animated plastic and
organic beings. The future of dogs
like Dante seems promising. p]
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EYEBOT

ROBERT LANG and STEVE THOMPSON

By now, you've probably read the “Hands-On
Report” review of Parallax’s BOEBot. Owning the
device and teaching it to do different things brings out
one of the most important aspects of an educational
tool: it's fun!

We were dall sitting around
watching BOEBot scurry across
the floor, avoiding obstacles
and cats using its infrared obsta-
cle avoidance system when it occurred to us: "Just
what does a cat look like from BOEBot's perspective?”
From that simple question sprang the inspiration to cre-
ate the EYEBot project presented here: adding telep-
resence to the BOEBoft.

Telepresence is the experience of being present at
a live, real-world location remote from one’s own
physical location.
Someone experi-
encing transparent
telepresence would
therefore be able to
behave and receive
stimuli—such as sight,
sounds, touch, smels,
and taste—as though
at the remote site.
The resulting vicari-
ous interactive par-
ticipation in activi-
ties, and the carry-
ing out of physical
work, will bring ben-
efits to a wide range
of users.

For any telepres-
ence system there
are three essential
components: the
home-site technolo-
gy that interfaces to
the user; the com-
munication link itself,
which interfaces to
the home site; and
the remote-site technology that interfaces with the
communication link. We will leave the other senses—
hearing, touch, smell and taste—for a later time and
begin our telepresence system with the most impor-
tant sense: SIGHT!

Praise

Ohm's Law,
I can SEE!

To see or not to see;
that is the equation...

The Basic Unit. BOEBot is @ 4% X 5- X 4-inch, 3-lb.
robot kit from Parallax, Inc. The "BOE” in BOEBot stands
for Board Of Education, which is the name of the basic
device from which BOEBot is built. That core PC board
is a general-purpose training kit

for learning about one of

Parallax’s main products, the

Basic Stamp II.

The Basic Stamp Il is a minia-
ture circuit board shaped to look and act like a 24-pin
IC. Several surface-mount components are contained
on that mini-board, including a PIC microcontroller
with supporting circuitry and an electrically-erasable
programmable read-only memory (EEPROM) chip. The
PIC is programmed with a BASIC interpreter: a special
program that reads lines of text from a BASIC program,
changes them into
PIC instruction codes,
and executes them—
one line at a time.
Any BASIC program
that you write s
stored in the EEPROM.

The Board Of
Education adds sev-
eral enhancements
to make experi-
menting with the
Basic Stamp I an
eqsy task. A bread-
board section lets
you add special cir-
cuitry that interfaces
with the Basic Stamp
Il. Provisions are also
included for using
either a wall-mount-
ed power supply or
a 9-volt battery.
Since BOEBot needs
to be completely
self-contained—
tether cables aren’t
much fun—one of
the project requirements was for no connecting
cables of any kind. To that end, all power is supplied
by a pack of four AA batteries.

A vision system, on the other hand, poses a new set
of questions. Having EYEBot react to whatever its (his?
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*SEE TEXT FOR HOLE LOCATIONS AND DIAMETERS

ALL DIMENSIONS IN INCHES

Fig. 1. The EYEBot's frame is made from a sheet of sign plastic. Here'’s how to cut out the various

frame pieces with a minimum of waste.

her?) camera sees might be a bit
much for the on-board Basic Stamp.
Although some might point out
that the LEGO MINDSTORMS Vision
Command system can do just that,
consider that that camera already
has a digitizer and form of micro-
processor inside it—adding to that
system’s computer-processing power.

With those restrictions in mind,
our remote-site telepresence sys-
tem will be based on a video cam-
era and fransmitter,

Building The EYEBot Frame. The
BOEBot has a very nice chassis for
making additions. Because the
BOEBot is small, the camera and
fransmitter must be lightweight and
small as well. The frame, to hold the
camera and transmitter, was made
from styrene plastic. A good source
for styrene plastic is a local sign
shop. They carry a white styrene
signmaking plastic that is 0.06-inch

(about Yeinch) thick. The EYEBot
frame requires a piece of plastic 6
X 6% inches, which costs less than a
doliar.

The cutting pattern for the vari-
ous frame pieces is shown in Fig. 1.
Note that there are windows in the
front and back panel. The front-
panel window is for sensors; in our
case, we were using infrared sen-
sors—an qaccessory beyond the
scope of this article—for collision
avoidance. The back-panel win-
dow is for the serial-cable connec-
tion that's temporarily connected
when downloading programs from
a host PC to the BOEBot's Basic
Stamp il. The rear window makes it
convenient for making program-
ming-cable connections without
having to remove the EYEBot add-
on unit, t

To cut the sheet plastic into the
various frame components, start by
scoring the cut lines with an Xacto

or other hobby knife. Carefully
snap the pieces along the scored
line to separate each piece. The
resulting cuts will be clean, straight,
and sharp without any wasted
material.

A good cutting order would be
to start with the long cuts along the
shorter (six-inch) dimension of the
plastic. You can cut through the
waste areas, such as the area
below the left and right top pieces.
The waste areas are, well, scrap
that will be discarded, so you don’t
have to worry what happens to
them.

Score and break the front/back
piece to separate the two sections.
Be careful when cutting the win-
dows in those pieces—the “score/
snap” technique might stress and
break the finished pieces. Remember,
the plastic, while lightweight and
strong, can be very brittle when
flexed. Repeated scoring coupled
with gentle flexing will reduce the
chance of ruining the piece,
Another technique would be to
punch or drill & suitable hole near
one corner of the window and use
a “nibbler” tool to cut the window
o the appropriate size.

Three %-inch-diameter holes—one
on the front and two for the back—
are needed for the appropriate-
sized hardware to attach the EYEBot
frame to the BOEBot. They are
shown in Fig. 1 in only approximate
locations. You should mark their
locations based on your actual
BOEBot and how high you want the
frame to sit on the BOEBot. Keep in
mind that you'll need enough clear-
ance above the BOEBot's bread-
board area for whatever circuitry
you want to add to your exper-
ments. The plastic is soft enough to
drill by hand, gently twisting the drill
bit. If you use a motorized setup (dril
press, handheld electric diil, etc.),
drill the holes at a low speed. Too
high a spin rate on the diill will heat
the plastic, resulting in melting and
distortion.

Score and break the rest of the
pieces to their required lengths.
When cutting the triangular corner
braces, follow the technique used
on the front and back pieces: first
break the larger rectangles, then
score and break the diagonals to
form the final triangles.
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The completed EYEBot frame is ready for
mounting on the BOEBot.

Although it’s tempting to plurge
ahead and put the frame together,
set the pieces aside for the moment.
We'll need to drill some holes for
mounting the EYEBot's electronic
components, a task that’'s easiest
on individual pieces rather than a
completed frame.

The EYEBot Transmitter. The link
between EYEBot's camera and us is
a low-power TV fransmitter. We
selected the TV-6 kit from Ramsey
Electronics—a company that has
been in this facet of hobby elec-
tronics for many years. The ccm-
pleted kit runs on 12 volts DC and
includes a 19-inch whip antenna.
The output can be tuned to any
VHF TV channels between 3 and 6,
giving you a good choice of fre-
quencies that won’t have to fight
with a local TV station over whose
signal gets to the TV first.

The tfransmitter accepts normal
video and audio from a TV camera
and generates a low-power TV sig-
nal that can be picked up by near-
by TV sets. The kit instructions are
well written. and the kit can be built
by an “intermediate-level” hobby-
ist in under two hours. The only
modification we made to the kit as
delivered was to add a red LED
and a 1000-ohm resistor as a power
indicator across C8; the fransmitter
circuit doesn’t include that “extra.”

Before you start building the kit,
identify the four mounting holes.
Place the plastic pieces that the
board will mount to (labeled “Left
Top” and “Right Top”), mark the
hole locations in the plastic, and
drill the holes in the plastic to fit the
hardware that will bolt the transmit-
ter board to the EYEBot. The screw
and nut size that you use will
depend on the mounting-hole size

in your fransmitter board.

As stated in the Ramsey assem-
bly manual, “licensed TV broad-
cast stations and their listeners
have all the rights!” As an unli-
censed operator of the TV-6, you
must not cause interference with
them. Thus, when you fune your TV-
6 to a TV channel, make sure that
you use a channel that can not be
picked up over the air in your areq.
Furthermore, do not make any
modifications to the kit that might
boost its output.

While we are discussing govern-
ment regulation, you may have seen
smaller TV transmitters advertised by
Ramsey or other firms. Certainly, the
smaller the transmitter, the better it
would work with EYEBot. However, a
recent U.S. Federal government
action (US. Code Title 18, Section
2512) has prohibited Ramsey and oth-
ers from seling a number of miniature
fransmitters whose “primary use” is for
“surreptitious” use and not for hobby
or educational use. Because of its
large size and low output, the TV-6 is
not on that list of prohibited products.
Should you wish fo find more details on
this situation, visit the Ramsey Web site
for more information.

The completed EYEBot/BOEBot combination is
ready to be “fired up.”

Modifying The Camera. A '4-inch
CCD-type black-and-white board
camera was purchased from
Electronix Express. The camera has
a fixed 85-degree field of view, the
equivalent of a 4-mm lens, and a
0.5-lux sensitivity; and it produces
400 lines of resolution.

A few modifications were need-
ed. The camera comes equipped
with a female RCA-type jack for
video. That jack was replaced with

Right Servi
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This shot of EYEBot’s undercarriage shows how
the camera/trensmitter batteries are strapped in
place with a length of Velcro tie-down material.

a male RCA plug for connecting to
the transmitter. In addition, the 12-
volt power connector was removed,
the wire ends stripped, and those
leads soldered directly across the
transmitter board’s large 1000-pF
electrolytic capacitor, C16. You
might want to hold off on making
that connection until the circuit
boards are mounted to the frame.
That way, you can be sure that you
have enough wire to reach from
one location to the other.

We can’t stress enough the
importance of double- (or even
triple-) checking the polarities of
the connections. The last thing you
want to do is buy another camera
because you blew up your first one
with a moment of carelessness.

Center the camera board on the
camera-mount plastic. Mark and
drill the camera’s hole locations on
the plastic for 2-56 hardware. An
additional pair of holes lets the
camera-mount plastic piece bolt
to the front plastic piece.

Bolt the camera o the mounting
plate with screws and nuts. We
used a piece of felt underneath
the camera to provide a cushion
between the camera board and
the plastic.

Modifying BOEBot. The electrical
current requirements for BOEBot
and EYEBot combination are given
in Table 1. Since a 6-volt battery
pack (4 AA baftteries) powers the

souondod ‘100z Yoiew
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Fig. 2. The frame is glued together with plastic cement that partially melts the edges of the plastic
pieces. The resulting joint is more “welded” than “glued.”

standard BOEBof, our principal
modification to the BOEBot was to
upgrade the battery system to sup-
ply 12 volts to the EYEBot video sys-
tem. However, we don’t recom-
mend that method for reasons
we’ll reveal later. What we recom-
mend is to add a second battery
pack consisting of two 9-volt bat-
teries wired in parallel,

In determining where on BOEBot
to add the second battery pack,
we considered that the EYEBot sys-
tem had the effect of raising
BOEBot’'s center of gravity. To
counteract that effect, we decid-
ed to add the new battery pack to
the underside of the BOEBot, there-
by maximizing the overall stability
of the system. Using a bit of Velcro,
we strapped the second battery
pack directly beneath the original
battery pack. You can see how
that was done in the photographs.

Final Assembly. With everything
prepared, we're ready for final
assembly.

The frame is assembled with
styrene plastic glue, which melts
the edges of the plastic pieces
together, forming a “weld” of plas-
tic. Use the exploded drawing
shown in Fig. 2 as a guide as to how
the various pieces fit together. You
might want to use a piece of plate
glass as a work surface; it's smooth,
flat, and doesn’t stick fo the glue.

LW TABLET e
EYEBOT CURRENT HE'II:tLIIFIE!.lIEI'iI'I’Ex£

COMPOMENT REQUIREMENT

BOEBat 52 mA @ 6 volts

Each Motor 12 mA @ 6 volts idle :
: 200 A= 325mA rurring

Camara 100 mA @ 12 volts

Transmitter

105 mA @ 12 volts

“*

LEFT TOP

LEFT BRACE |

CAMERA
MOUNT

Start with the triangular corner
braces. Glue them to the corners
of the front and back pieces. Use
whatever method you'd like to
prop the pieces at perfect right
angles to the glass surface as the
melted piastic edges solidify and
form the weld. Once they are set,
add the left and right braces.

When the braces are set, turn
the frame over. Mount the top
pieces to the transmitter board
and glue the plastic pieces to the
frame. Note from the photographs
how the board is set toward the
back of the frame, leaving a gap
at the front.

Attach the camera to the front
panel with the appropriate hard-
ware as mentioned before. If you
didn’t connect the camera power
leads to the transmitter, do so now.

The EYEBot frame is now mount-
ed to the BOEBot with 6-32 screws




and nuts through the holes previ-
ously drilled in the plastic frame.
Run a pair of wires (watfch the
polarities!) from the transmitter’s
power connection to the second
baftery pack under the BOEBot.
The completed EYEBot unit is shown
in the photographs.

Testing And Tuning. Choose an
unused TV channel in your area to
tfune the transmitter. The TV transmit-
ter comes with three “knobs” to be
used to fune the picture: channel-
adjust coil L4, video-gain poten-
fiometer R3 (for brightness control).
and bias potentiometer R7 (for best
overall picture). To tune the fransmit-
ter, first obtain a basic picture by
adjusting L4. Fine fune the picture by
adjusting R3 and R7. These controls
are interrelated, so it requires some
repetition to achieve the best pic-
fure. We found that there was a
frade-off between picture roll and
exceeding the contrast capability of
the camera. With the tuning com-
plete, we were ready for the final test.

Turn on transmitter. OK, there’s
the picture! Turn on EYEBOf. ..

Disaster? While everything described
above sounds like developing the
EYEBot was a simple, straightfor-
ward task, it was...unfil we reached
that first *acid” test.

When we first fried EYEBot out, a hor-
rible, distorted picture with interfer-
ence was the result. What was causing
the interference? At this point, we
could only take solace in Wiliam
Blake’'s famous quote, “the true
method of knowledge is experiment.”

With EYEBot functioning properly, you can explore the world from a new perspective.

So we tried
some experi-
ments. Initial
possibilities  for
interference
were the Basic
Stamp I micro-
processor or
EYEBot' s
motors.
Disconnecting
the motors, we
ran the micro-
processor and
video system:
there was no
intferference.
Turning on the
motors pro-
duced the distorted picture. In
addition, isolating the BOEBot and
EYEBOT power supplies from each
other got rid of the distortion.

Let us explain that last statement.
Initailly, we knew that we needed
12 volts to drive the transmifter and
that the BOEBot already had 6 volts
available. Essentially, we needed
to add another 6-volt battery pack.

We placed the ftwo battery
packs in series. Pack No. 1 (the orig-
inal set of four AA bafteries) would
provide six volts fo the BOEBot,
packs 1 and 2 (a second set of four

.'”@f

COMPONENT SOURCES

Basic BOEBot Kit
Paraliax, Inc.

599 Menlo Drive, Suite 100
Rocklin, CA 95765
916-624-8333
info@parallaxinc.com
www.parallaxinc.com

B&W Video Camera

ltem #29CVM6792, $44.00.
Electronix Express

A Division of R.S.R. Electronics, Inc.
365 Blair Road

Avenel, NJ 07001

732-381-8020

www.elexp.com

TV Transmitter

Kit #TV-6, $27.95

Ramsey Electronics Inc.
793 Canning Parkway
Victor, NY 14564
716-924-4560
www.ramseyelectronics.com

ABOUT THE AUTHORS

Robert Lang s a professional sleatrical
engineer interested in robaots, MIDI, and
voice synthesis. He has written several
arficles far computar, electronics, and syn-
thasizer magazines,

Steve Thompson is a nuclear engineer
whose hobbigs include the study of artifi-
cial inteiligence and genetic enginasring.

AA batteries) in series would pro-
vide the 12 volts needed by the
EYEBot system.

With further investigation, we
found that the motors were caus-
ing such a drain on the power sup-
ply when they were activated that
the voltage to the transmitter was
changing. We decided to isolate
the motor power supply from the
transmitter power supply. Although
the camera and transmitter are
rated for 12 volts, we found that
both worked fine at 9 volts. Hence
the two 9-volt batteries in parallel.
This change worked fine, and the
motors no longer caused inferfer-
ence with the transmitter.

Further reading of the BOEBot
manual revealed that Parallax had
changed the design of the volt-
age-regulator circuit because the
motors were actually causing the
Basic Stamp Il to reset when the
motors were turned on. An alter-
nate to the two-power-supply solu-
tion might be fo replace the
LM7808 regulator on the transmitter
board with a low-dropout LM2940
8-volt regulator. The boftfom line is
that the 9-volt system is working
well for the moment.

What Now? Turning a BOEBoft into
an EYEBot was an “eye-opening”
experience, to say the least. Not
only was it a low-cost addition, the
educational and fun aspects of
experimenting with a visual telep-
resence system are immeasurable.

Where do we go from here? Add
another sense fo EYEBot? How
about hearing? How about a
mechanical arm (a very finy
mechanical arm, to be sure)? The
possibilities are only limited by your
imagination.

Here’'s looking at you, kid; be
seeing you! n
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LETTERS

(continued from page 4)

and the consequences of bad luck can be
devastating.

My advice to readers is to avoid being
complacent. Always take precautions.
Windows systems that have file sharing
enabled (so that their home LAN can
access the same files from multiple home
computers) are especially vulnerable.
Don’t enable file sharing unless you have
taken other precautions such as using a
firewall and using the programs Tony
and Ted mentioned, Black Ice or similar
from Norton and McAfee. In fact, use
protective methods even if you don’t
enable file sharing.

(Some ISPs, like ATT AtHome, suf-
fered bad press from security problems
involving file sharing, and therefore
configured their servers to screen out all
file sharing. Or so you hope; no ISP is
infallible.)

Increasingly popular Unix-based sys-
tems, like Linux and FreeBSD and the
forthcoming Mac OS X desktop, become
more vulnerable as more Internet ser-
vices are enabled. My mistake was first
in not having configured a software fire-
wall, and second in having my Linux box
offer a huge array (way more than I actu-
ally needed right then) of standard
Internet server options, such as software
servers for incoming ftp, telnet, DNS,
etc. One of these had a weakness that
was exploited by the bad guy to grab
control of my system. All operating sys-
tems have weaknesses.

Two further points of interest: First,
some readers may still be in areas
where ISPs offer only Unix shell
accounts. They may be interested to
know that it is possible to use a shell
account to actually get full Internet
connectivity via a program I men-
tioned, “dip,” that simulates the SLIP
or PPP protocols in a program run
from the ISP shell account. It is includ-
ed in some Linux distributions, or it
can be downloaded from: www.ibi
blio.org/pub/Linux/system/net work/seri-
al/dip/dip-3.3.Tn-jsi.tgz. There used to
be a similar commercial program, Tia,
for Windows users; I’m not sure if it is
still available.

Second, I recommend the brand-new
book Real World Linux Security: Intrusion
Prevention, Detection and Recovery by Bob
Toxen, a security consultant who has a
quarter century of experience with Unix
and security. See hbup://fwww.realworld

linuxsecurity.com.
DOUG MERRITT

via e-mail

Anyone For More HAM?

I have seen several references ques-
tioning the origin of the HAM moniker
used to refer to amateur radio operators.
(See “Q&A,” December 2000.) I would
like to add to the information available
to your readers, and I will let the Web
site. speak for itself. Please go to
bttp:/fweb2.airmail.net/gerryc/newham/nb
p9.btml for a different story.

BOB HILLMAN

vid e-mail

Article Suggestion

I am interested in seeing articles cov-
ering these subjects: a very good AM
antenna, a circuit that receives the
NOAA severe warning signal and turns
on a radio or some other device, and
information concerning the small hand-
cranked generators found in some
portable lights or flashlights.

JACKIE DIXON

via e-mail

The Future IS Now

I am amazed at the rapid advance-
ment of technology as shown in the
“Prototype” section, entitled “Mirror of
the Future” (Poptronics, Oct. 2000).
Ultralight piezoelectric material that
will be used in space telescopes and
satellites will help us advance further
into the space race.

The future of mankind is upon us,
and this material will help us reach the
next level of exploration.

JOSEPH ANTHONY SOYO
Walnut Creek, CA

DTV Won't Fly

I'am in the process of updating our
Telecommunications course and read
your article “Looking Forward To
DTV” (Poptronics, September 2000)
with great interest. The technology is
exciting, but I don’t think DTV will
happen in our lifetime.

As I'm sure you are aware, every
improvement in the broadcast industry
was done with great deliberation. The
philosophy was that whatever changes
are made, it cannot make existing equip-
ment unusable. Some cases in point are

FM stereo, color TV, and AM stereo. In
each case, older receivers still worked;
they just couldn’t derive any benefit
from the new transmission features.
With the DTV plan, however, this is all
different. Existing equipment will not
work, at least without an adapter.

If smaller television stations are any-
thing like smaller radio stations I'm
familiar with, they simply cannot afford
to update to the new equipment.
Similarly, probably most consumers will
not be able to afford the new receiver or
adapter.

Frankly, T can see attorneys’ pens
poised to write lawsuits on this one.
Many of the lawsuits will be sponsored
by large companies who will be losing
huge numbers of viewers (read this as
lots of advertising dollars).

Geophrey McComis, the writer, also
stated that the marketplace would deter-
mine the actual technical standards.
Remember the “marketplace approach”
the FCC took in the AM stereo issue?
Knowing they would be sued by the
loser in the case of Motorola vs. Kahn-
Hazeltine, the FCC didn’t want to pick a
standard, and AM stereo fell flat on its
face. Equipment manufactures didn’t
want to be caught with worthless inven-
tory, and broadcasters didn’t want to be
caught with useless equipment (which
had a price tag of more than $10,000).

I believe DTV will go the way of AM
stereo, quadrasonic-stereo broadcast,
and Dolby broadcast.

RANDY KAEDING
Stevensuville, MI

Haves & Needs

I am looking for information on how
to use older 30- and 72-pin memory
SIMMS, specifically on making my own
circuit board to use these memory chips
and on constructing a board dedicated
for RAM drive purposes. It would be
nice if I could find artwork for the board
as well or find someone producing such
a board. I would also need the software
to set it up. My system uses Windows
98, but other systems would probably
include Linux or Unix.

Thank you for your help.

KEN FRINK

kenfrink@kcyberbighway.net o
Take SAVWGS

Stock

. J. BONDS
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Fiction by JOHN BACHMAN

otcher project yet?” Evan slid
his tray next to his cousin’s and
clambered over the bench seat.

“Nope. No clue. You?” A mouth full of pizza filtered
Od’s answer.

“Naw. I'd like to do something electronic, but | don’t
know what.”

Od could have been
the model for smiley face.
“How about a Van de
Graaff? We could send
lightning bolts across the
gym and make girl’s hair
stand up and stuff.”

*Zapster wouldn’t let us
do that. He's pretty unreasonable.”

“Yeah. He'd never go for it.” Od stuffed another
sice of pizza into his oversize mouth. “Hey! | know.”
Crust crumbs sprayed two girls sitting across the table.
The girls slid out of range while firing their
best looks of disgust at Od. The looks
bounced off Od unnoticed. “Let’s ask
Uncle Gus. He has lots of ideas.”

*Do you think it’s safe? Ishe over
that night-crawler thing yet?”

*My mom says he healed
up.” said Od. “Besides, that
wasn’t our fault, just an
accident. He shouldn’t
have grabbed the rod
while it was plugged in
She says that he has a
scar on his pam and is
more nervous than
ever.”

“Let’s go to his shop

N

after school, but be
ready to run,” Evan
warned.

After school, the boys raced to Gus's
Electronic Repair. “*Good cop, bad cop.” puffed
Evan as they slid to a walk on the corner next to the
shop. “I'll be the good cop.”

“Hey, Unk!” Evan called out as they burst through
the back door startling Gus, who was holding a scope
probe into a TV chassis while staring at the trace. He
popped off his stool as a “zap” came from the set fol-
lowed by a little puff of smoke. Gus spun around wild-
eyed os if the Devil had appeared in his shop.

All they needed was a simple exhibit
for the Science Fair. Preferably
something that wouldn’t get
them in trouble. ..

*Sonuva...Stand still Hands in pockets! Don’t touch
nothing!” He moved slowly foward the boys, who
leaned toward the door anticipating a quick escape.
*What kind of trouble are you two making now? Don’t
answer! | don’'t want to know.” Gus held up a shaking
right hand. His left automatically grasped the right.
pulling it down while rubbing the scar on the palm.

“Unk, we need some help.” pleaded Evan.

“Hah. Best advice |
have is to turn yourselves
in. The judge might go
easier on you.”

“No, Unk. We’re not in
any trouble. We have to
do a science-fair project
at school and don’t have
any ideas. Can you think
of some electronic project we could do?”

“No, now go away!”

Time for the bad cop, thought Od. He poked at the
buttons on a CM2125 monitor analyzer. “What's this
do, Unk? Looks new.”

“Get away from there,” Gus yelled, his hand
shaking in the air again. His head started
4, twitching to the right. “l...I can’t be
involved in any more of your projects. My
insurance lady said no more.”
*Od, get away from that!” said Evan the
good cop. Od jumped back from the bench.
“You don’t have to be involved, Unk. Just come
up with an idea.”
Gus looked nervously around the shop, then
slumped to his stool. “Not involved, huh? You
sure? | mean, like, you promise? Both of
you? | give you an idea and you go
away and | don’t see you again
until you graduate
from reform school?”
Two heads nod-
p ded furiously.

. Gus held his

= M’; hand nearly still,

“Well, let’s see. A

science project, huh?

Electronics. Something that you won’t need my help.

Hmmmmm. Your Uncle Ferd left an old robot here.

One of those deals that he used in tfrade shows. It wan-

ders around in front of the booth and talks to passers-

by. You could get that going again and have fun with
it. No harm in a little robot. Yeah, that’s it.”

*Coooooll” sang the boys in unison.

*The battery is probably dead,” said Gus looking
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around the shop. “Tell you what. If you leave now, Ill
get it charged up and drop it off tonight. Then you do
what you want and don’t bother me. Deal? Which
house?”

"Coooo00l!” crooned the boys. Then Evan spoke up,
“Better take It to Od'’s house, ‘cause he isn‘t allowed
to come to mine for a while.”

That evening, Gus backed his van info his sister’s dri-
veway. The boys ran out to greet their new bot as Gus
opened the van doors. He lowered a ramp and rolled
the robot onto the driveway.

"R2D2!" screeched Od. Indeed, the bot had the
same shape and size of the famous Star Wars robot.

Gus pushed the robot into the garage. “Come on,
and I'll show you how it works. ”

"The charger plugs in here.” Gus showed them the
charger jack and on/off switch on the bot. *The bat-
tery is weak, but you should be able to get a couple of
hours out of it. This hand-held control box makes him
move, steers, turns the head, and raises the arms. This
cable attaches it. The left arm works but not the right.
Maybe you guys can figure out what's wrong. The
microphone plugs in here so someone can talk
through the robot. If you do it right, people think that
the robot is talking.”

"Cooooo000000l!” chorused the boys.

"OK. You got it. Now don‘t bug me. I'm outta
here.” Gus hurried to his van, flipped the ramp
inside and sped away. The boys already had the
bot dancing around the garage.

‘I'm Gnarly,” Od announced through the
microphone. His voice sounded
mechanical and, well, “robot-
ty.” Evan raised the left arm.
When he tried the
right, a whirring
sound came from
inside the bot,
but the arm did
not move.,

“Let’s fix that
arm,” said Evan.

They quickly re-
moved a side
panel cover and
lost the attach-
ing hardware. "
bet this chewed up
belt has something to do with
it.” said Od, as he pulled the
remains of a pulley belt from the floor of the bot.

“Let’s look at the other side,” said Evan. Within min-
utes, all of the cover hardware was lost. -

They found a similar belt strung around two pulleys
to lift the left arm. Od looked around the garage. “My
father must have a belt sorta like that.” He pulled a
used fan belt off a nail on the wall and held it against
the one in the robot. “Too long.” He rummaged in the
toolbox, found a utility knife and cut the belt. Then he
ran the cut belt around the good one and lopped off
the remaining piece. "Duct tape will hold it,” he

announced. They taped the ends of the belt together,
installed it as tight as they could and tried the right
arm. The arm raised smoothly until the duct tape joint
hit the drive pulley. The slipping pulley squealed until
the joint thudded past, lurching the arm skyward like a
Nazi salute. “Cooooooo00l,” warbled the boys.

“OK,” answered Evan. "Let’s tell Zapster tomorrow.”

The next morning the boys raced to the science
room before classes started. "Excuse us Mr. Zappino, *
said Evan. “You said you wanted to know what we
were going to do for a project and we have a great
one.”

"OK, guys. What is it?” The Zapster’s brow furrowed
over the top of his glasses.

"A robot!” exclaimed Od. “A redlly cool robot. Like
R2D2!"

"What does it do? No lasers, no guns, no saws or cut-
ting devices of any kind. Does it move?”

“Yeah, it can walk around and it talks and it has
arms and lights, and...and...”

“"No moving. You'll ram something.”
"Okay, Okay,” offered Evan. “We’ll
operate on a rope so nothing can
happen.”

“Deal,” Mr. Zappino seized the
chance to tether them. "If there is a

large eyehook welded to the unit,
I’ll take care of the rest.”

“Yup. Already there,” beamed
Od.

On the morning of the fair,
kids were busy preparing
their projects for judging.

Mr. Zappino dragged a

large chain to the basket-
ball net where Gnarly wait-
ed. The duct tape holding the side
panels in place made him look more
like the Michelin tire guy than R2D2. Od
watched carefully as Zappino wrapped
the chain around the post and
through the eyehook on Gnarly.

opened the lock and hooked

with a confident bounce

weighing him down,” Od moaned. “He can hardly
charger as Od examined the padlock. He was sur-

Then Zappino removed a combi-
it around the two ends of the
chain. He examined his
Wn_f
— in his gait.

Od operated the con-

move,”
“Let’s charge his battery,” suggested Evan. “Maybe
prised when it sprung open. It must be a trap, he
thought as he looked over his shoulder, He did not see

nation lock from his pocket,

work and walked away

trol. Gnarly groaned across the floor. “*The chain is
he’ll go better with a full charge.” Evan plugged in the
any teachers but spotted Jocelyn Church moving




down the aisle looking at the exhibits. Jocelyn stopped
with her back to Gnarly while admiring Hank Payne’s
ant exhibit. Od slid the lock off the chain and sent
Gnarly to get Jocelyn’s attention. “Hi there,” Gnarly
announced himself as he approached the unsuspect-
ing girl. Od decided to have Gnarly

wave at her as she
turned but the right
arm stopped part
way up. Gnarly
stopped next to
Jocelyn just as his
right arm shot out
and up snagging
her skirt and
pulling it over-
head. Jocelyn
yanked her skirt
back, toppling
Gnarly.

“Stop it you pervl”

“Hey,” yelled Od,
“That was an acci-
dent.” He jumped to
Gnarly and dropped
the control so he
could use both hands
to upright the heavy
robot.

“Creep.” snapped
Jocelyn. She stomped
her Frankenstein boot on
the control just as

Gnarly rocked W
onto his wheels. —

Gnarly leaped

into action as if happy to

be free of the ponderous chain. He plowed through
the ant exhibit spiling the farm contents onto the floor,
made a right turn into the snake and then the mouse
exhibits. Jocelyn screeched and clomped away as
fast as she could operate her new boofts. Evan dove
for the smashed control trailing the rampaging robot
like a tail. He grabbed it but slid on the ant farm soil,
looking like a calf-roper being dragged by a mechan-
ical calf. His tugging on the cable pulled Gnarly left
info the hydroelectric plant demonstration followed by
the com and effect-of-sunlight-on-plants exhibits. The
hydroponics demonstration added more water to the
mix.

Mr. Zappino led a group of teachers racing fo the
commotion. The Zapster slid past Od giving him a
quick glare just as he lost his balance while passing Ms
Lovely going in the opposite direction. Zappino tried
some fancy arm English to keep himself upright but
ended up grabbing Ms Lovely by the shoulders. They
danced about a while before tumbling to the floor
and sliding through the hydro/com/plant/ponic mix-
ture taking tums being on top. Later. the Zapster would
ponder the turn of fate that caused Mrs. Zappino to
arrive just as he slid to a stop like a losing mud-wrestler
pinned by Ms Lovely’s full body press. He had plenty of

pondering time while recuperating from the concus-
sion resulting from the collision of his forehead with the
first-place trophy.

Gnarly’s bid for freedom ended when he slammed
into Drage Flick’s demonstration of construction tech-
niques used in building the Sphinx.

Evan and Od fidgeted in the chairs outside Principal
Farmer’s office door. They did not favor any of the
ideas being proposed to the principal by

a room full of teachers. "l hope The
Zapster’'s OK,” Evan said quietly. “If he

dies, we could be in big trouble.”

™~ "Why us?” asked Od. "It was
N\ Mrs. Zapster who nailed him with
the trophy.”

The office door opened, and Mr.
Farmer motioned the two inside. The
boys slid through the door and backed
against the wall, not wanting to go any fur-
ther into the room full of teachers than nec-
essary.

“Which one of you unlocked the chain?”
Farmer asked abruptly.

“Well,” started Od, talking to his feet. I
was, like, just looking at the lock and it
came open. Must not have been fas-
tened all the way or something. Then
things just started happening.”

*Hmmm,” said Farmer. "No one can
point to a specific thing that you did

wrong. So. I'm forced to just leave it at that,
But | will assign a teacher to watch over
each of you for the next project. Just fo
make sure.”

“Can | have Ms Lovely?” asked Od.IA

“Oddly enough, batteries were included.”
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The Electronics Industry
is looking for a lot of good people!

ere is your chance to get in on the ground floor as an

Associate CET. Is your job title “Electronics Service
Technician?” Would you like to have that title? You can
prove you qualify for the title with a CET Associate Cer-
tificate. It can be your career door-opener and begin your
rapid advancement!

A technician or student of électronics with less than a
total of four years of basic experience may take the Asso-
ciate Level Exam. The exam is the basic electronics
portion of the full-credit CET exam. The 75-question,
multiple-choice test covers basic electronics, math, DC
and AC circuits, transistors and semiconductors, instru-
ments, measurements and troubleshooting. A successful
Associate CET will receive a wall certificate valid for
four years and is eligible to join ISCET as an Associate
Member. ISCET is the International Society of Certified
Electronics Technicians.

The ISCET Computer-Aided Associate-Level Study
Guide prepares you for the Associate CET Certificate by
randomly selecting sample questions with appropriate
diagrams, provides multiple-choice answers, grades the
test and provides a summary of your strong and weak
points.

Diskette requires IBM puter or compatible with VGA color monitor, 3.5-in. drive and a hard-disk drive.

CLAGGK INC. - CET Computer-Aided Study Guide Offer
P.O. Box 12162, Hauppauge, NY 11788

YES, I want to step up to a career in servicing. Here is my order
for the CET Computer-Aided Study Guide on a 3.5 diskette. I am
enclosing $39.95 (price includes U.S. shipping and handling) in U.S.
funds. Canadians and overseas add $6.00 per order for shipping.

Billmy [J VISA [J] MasterCard Expire Date _ /_/
[J USA Bank Check [J US or International Money Order

Signature

Name (Please Print)

Address

City State Zip

New York residents add local sales taxes. Do not send cash. Checks drawn on US Bank and
International Money Orders in US funds only. Credit card users may telephone or FAX or-
ders. Telephone 631-592-6720 or FAX 631-592-6723. Price subject to change. Allow 610 8

]

weeks for delivery. CB0O6
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Proof Positive
that you are a Certified
Electronics Technician

be it knoton by these presents that

JQuiian Martin

omputer Software Program —
ISCET Computer-Aided
Associate-Level Study Guide

Prepare yourself for the 75-question
CET Associate Examination. Model
examinations provide the technician
with a study program and introduction
to the actual examinations. The model
examinations are automatically grad-
ed in decimal numbers and bar graphs
that can be outputted on your printer.
The questions for each exam are se-
lected randomly from a loaded data
base—no two exams are exactly the
same. When you answer a question,
the correct answer is displayed and an
explanation is given. From the print-
outs you will determine whether you
need more practice and in which topic
areas, or if you are ready to take the
real test and continue to promote your
electronics career today!
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Dr Asimov, Gall Youp
Lawmakep. . .

Kind readers: The subject of this special edi-
tion of Poptronics—robotics—took me by
surprise (“How many robot-based questions
does Q& A’ get, anyway?”), but I found that
it was amazing how many questions we get
each month that potentially revolve around
robotics. I hope the slight rwist on this
month’s column will prove belpful to you.

Robiotic Detectors

DIm trying to list all “detection”type

devices that exist, so when I build robots
or devices, I can choose the best technology for
the given application. What systems give
both distance and rate of change for moving
objects? What about measuring the distance
to an object, even if at an angle? How about
systems that actually give a picture or dia-
gram of the object in front of it, such as when
approaching a corner end-on or a small
object vs. a large object?—P. 7., San Rafael,
CA

Sensory systems and artificial intelli-

gence are probably two of the tough-
est areas of robotics to conquer because,
we’re talking about high-order “think-
ing” with either one. And “systems” is
the best word to use, because, at this
time, sensors alone are only input
devices. It takes a lot of behind-the-
scenes hardware and software to make it
all work. Radar, active and passive sonar,
infrared (IR) proximity, charge-coupled
devices (CCD), temperature, air pres-
sure, humidity, magnetic detection,
global-positioning systems (GPS), mag-
netic compasses, gyrocompasses, tilt,
acceleration, and even “curb feelers” are
all ways for a robot to sense the environ-
ment. All together, it gives robots crude
sensory inputs that can't hold a candle to
their biological counterparts. Without
additional hardware and software to sort
it all out, our machine has rudimentary
senses that would yield nothing short of
confusion. Active-sonar “pings” can
detect range, and if you add circuitry to
detect echo amplitude, you can start to
get an idea of the size of an object rela-

tive to the distance. Of course, the abili-
ty of the object to efficiently reflect the
sound wave is a big factor and will foil
most attempts at any kind of accuracy.

CCDs with intelligent backup are
doing image recognition in industry,
but the systems are expensive and still
not close to human standards. I believe
it was Steve Ciarcia (of Byte and Circuit
Cellar INK fame) who was working on
a robot back in the 1980s that used a
crude CCD to recognize an electrical
outlet at standard wall height so that it
could zero-in on it to plug in for a meal
when the batteries were getting low. A
lot of experimentation was involved for
that “simple” chore, and that’s where
we still are today as hobbyists. I step on
the dog, stub my toe on a chair, and
run into the doorjamb just trying to get
to the bathroom at 2 AM, and I'm fair-
ly well-programmed for that task. Just
think how hard it would be to program
all those finely honed nighttime talents
into a robot. The whole concept would
be a good subject for a series of con-
struction articles, and I’'m sure our edi-
tor would entertain the idea of a quali-
fied individual doing something like
that.

READERS® QUESTIONS, EDITORS’ ANSWERS

CONDUCTED BY DEAN HUSTER

ult.asp. It’s a great resource site and has
an active forum for your woes. Their
forum is a little slow to load, which
leaves you some time to reflect on your
robot’s troubleshooting tree. Of course,
the Gernsback forums (www.gernsback.com)
are another good choice for assistance.
Three other sites that are heavy with
Tek subject matter include:

* margo.student.utwente.nl/~wel.tek.htm
o www.caip.rutgers.edu/~kabrs/testeq/
o wuww.helo.de/

Of course, your best source of “hangar
queens” will be at the auctions. Check out
eBay at listings.ebay.com/aw/listings/list/
all/category4677/index.html and then
“Search only in Test Equipment:
Oscilloscopes” for “TEKTRONIX.”
The screen will come alive with a variety
of blue boxes for your bidding and buy-
ing pleasure. Don’t forget that your
horizons are wider than you may know:
except for the storage and CRT circuits,
the 464 uses many of the same circuit
boards and mechanical parts as the 465,
466, and 468. While you're logged onto
eBay, you might consider searching “All
eBay” for “ROBOTS.”

Phoenix From The Ashes

I have a Tektronix 464 oscilloscope with a

bad vertical amplifier. 1 am looking for a
source of salvaged parts, basket-case scopes
for their spave-parts value, or any other con-
structive information that would belp
vestore the instrument. A source for another
working scope at a reasonable price is also 2

possibility —R.G., Aurora, IL

The Tektronix 464 is a wonderful

mesh-storage scope thats great for
working on those pesky robotic con-
trollers and pulse-width-modulated
(PWM) robotic motor controls. The
Internet is the best way to find good
technical help. You can always go to the
factory in Beaverton at www.tek.com, but
that’s the expensive way; we’re looking at
the casket-end of the 464’ product-sup-
port life. Better yet is a site hosted by
former long-time Tek employees at
www.reprise.com/host/tektronix/bome/defa

Hectronic Stethoscope

I need to electronically amplify a person’s

beartbeat and pulse for display on a 20-
MHz analog oscilloscope or a digital-storage
scope.—7.B., Basking Ridge, N

You can’t fool me, J.B. T'll bet you

really want this circuit for listening to
the faint sounds of failing bearings in the
robot that you've built! The “Think
Tank” column in the January 1999 issue
of Popular Electronics (pages 50 and
51) has a nice electronic-stethoscope cir-
cuit. It offers two levels of low-pass fil-
tering and you could connect a scope at
a couple of different points in the circuit.
Don'’t expect to see an electrocardio-
graph (ECG) -like waveform since this is
an acoustical interface and is not moni-
toring the body’s electrical cardiac signals.

Note that there were a couple of
errors on the original drawing. The pin

sowondod ‘100z Yorew
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and the C3/R7 junction should also be
connected to pin 6 of IC2 with a dot at
the “crossroads.” I've built this circuit,
and it works really well. If you need a
circuit that actually monitors the cardiac
impulses, as does an ECG, I won't be
able to help you. Manufacturers of such
circuits go to great lengths to insure a
patient’s safety from leakage currents,
and I would be irresponsible to encour-
age building such a circuit not knowing
the reliability and performance of the
components being used. I think you can
understand the concern of having a car-
diac patient (or a robot) connected to
line-operated equipment.

Unity-Gain
Automatic Fadep

The “live” recordings I'm transferring

SJrom albums to CD have no silence
between tracks. Manually fading at the end
of each song to create separate tracks isn’t
always very smooth. How can 1 build a
unity-gain stereo amplifier stage with auto-
matic fade-out (and perbaps fade-in) capa-
bilities that would go berween my amplifier
and PC sound card?—7.R., Portland, OR

A I like automatic control of analog sig-
nals; the circuit in Fig. 1 was fun to
design and breadboard. There’s no
doubt in my mind that this circuit could
be adapted for some kind of use on a
robot, especially in the area of con-
trolled acceleration and deceleration.
Don’t be taken aback by the “antiquat-
ed” incandescent-lamp control. Many
electronic organs used a similar design
to provide smooth great- and swell-
pedal control without worrying about a
noisy potentiometer.

In the circuit, JFET op-amp ICI
buffers an RC timing circuit to control
the current through QIl, which deter-
mines lamp intensity. Throwing S1 to
the “UP” position charges C1 through
R1. The voltage at the input and output
of “super-follower” IC1 ramps up to 12
volts at a rate determined by the setting
of Rl and the value of Cl. With the
switch in the “DOWN” position, Cl
discharges to zero at the same rate. Two
identical unity-gain amplifier circuits
have a light-dependent resistor (LDR)
as their variable resistor. For slower
ramp times, increase the value of Rl
and/or Cl; faster times require smaller
RC values.

Measure the resistance of your LDRs
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Fig. 1. This stereo unity-gain volume control features automatic ramp-up and ramp-down.

at maximum lamp brightness and select
a value for R2 and R3 that is about dou-
ble that value at maximum rotation.
With full lamp brightness, the LDRs
that I used had a resistance of about 250
ohms. Adjust feedback potentiometers
R2 and R3 for unity gain in amplifiers
IC2 and IC3, respectively, with the light
at full brightness. At zero lamp intensity,
the LDR resistance will be high enough
that the op-amp gain is so low as to pro-
vide full signal attenuation. I measured
about 85dB of attenuation with a 6-volt
peak-to-peak input level.
Light-dependent resistors PC1 and
PC2 are placed with their faces on
opposing sides of I1 and mounted in an
absolutely light-tight container. 1 like
using flat-black model paint to seal
light leaks. Keep things symmetrical
with those three components to mini-
mize channel differences during level

‘changes. I chose a number 382 lamp

for its low current demand at 12 volts
and, well, because it’s what I had on
hand. This circuit puts a maximum of
about 9.5 volts on the lamp. Coupled
with the voltage ramping, the lamp
should last longer than your record
collection.

Nearly any JFET op-amp will work
for IC1; you might want to choose low-

noise op-amps for IC2 and IC3. There is
probably overkill on power-supply
decoupling with C2 through C7, but I
tend to lean towards a conservative sup-
ply that will suffer through all.

There are other designs that could
use digital attenuators or FETs as the
control elements. This low-cost design
comes right from the junkbox. Readers
with proven alternative circuits are wel-
come to share them with us. We’ll pub-
lish your elegantly simple design. Just
make sure that its YOUR design!

Tricky Capacitor Coding

I am looking for a list of values that cor-
respond to the numbers on the capaci-
tor.—D. A., Devils Lake, ND

We’ve covered similar facets of com-

ponent nomenclature in past columns,
but each time, we only cover a piece of
the pie. Since you’ll find a lot of those
components in automation and control
circuits, here’s another slice of the pie
that might help with some of the cryptic
markings on capacitors.

When values are marked such as
“223K,” “104Z,” or “681],” the values
are read much like you read a resistor
color code. The first two digits are the



first two significant figures of the value.
Typically, they’ll be 10, 15, 22, 33,47, or
68. The third digit is the number of
zeros to add. The resulting number is
the value in picofarads. For example,
“682” decodes to 68 + 00, or 6800 pF
(0.0068 pF). A letter that follows this
numerical ‘marking has nothing to do
with the value, per se, but is the tolerance
code. Table 1 lists these tolerance codes
and their meaning. Note that the last
five tolerances are more for “bulk”
capacitance where the actual value isn’t
that important as long as a certain mini-
mum value is provided. Tolerances

marked with an asterisk are the ones that
you'll see most often.

You may also come across a tempera-
ture-characteristic code. Some may be a
color tip on the top edge of a disc ceram-
ic cap where, for example, black means
“NPO0.” It could be an EIA code such as
“SYP.” Those codes aren’t as important
unless you’re involved in a design where
temperature coefficients play a critical
role.

As noted in the April and October
2000 “Q & A” columns, European
capacitors include the metric prefix
within the significant figures to locate

HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
www.gernsback.com for information and files
relating to Poptronics and our former maya-
zines (Electronics Now and Popular
Electronics) and links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci.elec
tronics.repair, sci.electronics.components,
sci.electronics.design, and rec.radio.ama
teur.homebrew. “For sale” messages are per-
mitted only in rec.radio.swap and misc.
industry.electronics.marketplace.

Many electronic component manufac-
turers have Web pages; see the directory
at www. hitex.com/chipdir/, or try address-
es such as www.ticom and www.motoro
la.com (substituting any company’s name
or abbreviation as appropriate). Many IC
data sheets can be viewed online:
www.questiink.com features IC data
sheets and gives you the ability to buy
many of the ICs in small quantities using a
credit card. You can also get detailed IC
information from www.icmaster.com, which
is now free of charge although it formerly
required a subscription. Extensive informa-
tion about how to repair consumer elec-
tronic devices and computers can be found
at www.repair faq.org

Books: Several good introductory electron-
ics books are available at RadioShack,
including one on building power supplies

An excellent general electronics text-
book is The Art of Electronics, by Paul
Horowitz and Winfield Hill, available from
the publisher (Cambridge University Press,
800-872-7423) or on special order through
any bookstore. Its 1125 pages are full of
information on how to build working circuits,
with a minimum of mathematics.

Also indispensable is The ARRL Handbook
for Radio Amateurs, comprising over 1000
pages of theory, radio circuits, and ready-to-
build projects, available from the American
Radio Relay League, Newington, CT 06111,
and from ham-radio equipment dealers.

Copies of past articles: Copies of past
articles in Electronics Now, Popular
Electronics (post 1996 only) and Poptronics

are available from our Claggk, Inc., Reprint
Department, PO Box 12162, Hauppauge,
NY 11788; Tel: 631-592-6721.

Poptronics and many other magazines are
indexed in the Reader’s Guide to Pericdical
Literature, available at your public library.
Copies of articles in other magazines can
be obtained through your public library’s
interlibrary loan service; expect to pay about
30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214; (800-428-7267).
The free Sams catalog also lists addresses of
manufacturers and parts dealers. Even if an
item isn't listed in the catalog, it pays to call
Sams; they may have a schematic on file
which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuals, PO Box 802, Council Bluffs, IA
51502, and Manuals Plus, PO Box 549,
Tooele, UT 84074.

Replacement semiconductors: Replace-
ment transistors, ICs, and other semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (SK), are available through
most parts dealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory (supplied as a large book and on
diskette) telis you which one to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “2S" in a Japanese
type number is usually omitted; a transistor
marked D945 is actually a 2SD945.

Hamfests (swap meets) and local orga-
nizations: These can be located by writing
to the American Radio Relay League,
Newington, CT 06111; (www.arrl.org). A
hamfest is an excellent place to pick up
used test equipment, older parts, and other
items at bargain prices, as well as to meet
your fellow electronics enthusiasts—both
amateur and professional.

the decimal point. I might add that larg-
er electrolytic capacitors might be
marked in millifarads (mF) in the Old
World. They use both nF (nanofarads)
and mF in Europe where in the U.S,, for
some unknown and ridiculous reason,
we insist on everything being in either
pF or uF. “1n0” will be 1.0 nE, which
equates to either 1000 pF or 0.001 uF in
U.S. absurdity.

Neyhoard Availatiility of
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Tim Wikentiew of Redford, Michigan
wrote to remind us that there really is no
reason to use a “u” to represent “micro”
(“Q & A”, April 2000) when the extend-
ed 1BM character set has a “u” invoked
with <ALT>230. You must use the
numeric keypad rather than the top row
of numerals on the keyboard when
doing this.

Tim, although most word processors,
even back to WordStar 6.0 days and ear-
lier, support the extra characters, includ-
ing “omega,” “pi,” “lambda,” and the
“+” character used in Table I, few of
those carry over to Internet applications.
For instance, on the Gernsback and
other electronics-related forums, you
can use “u” and “=”, but the Greek let-
ter “omega” cannot be invoked, which is
very infuriating since it is so commonly
used in electronics.

Table 1
Capacitor Tolerance Codes

Tolerance

+0.1 pF

+0.25 pF

+0.5 pF

+0.25 pF

+1pF (small pF values)
+1% (most values)*
+2%"

+2.5%

*5%"

+10%"*

+20%"

~0%/+100%
—20%/+50%
—0%/+200%
-20%/+40%
—20%/+80%"
Common tolerances (see text)
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As I write this column, I'll have to
convert the file to ASCII, and those
characters that I've been using that look
so nice on the screen as I type will be lost
or converted to standard ASCII charac-
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ters. Those “mistranslations” become
the source of many typographical errors
if I don’t carefully note the presence of
each one to the editors. Slips like that
are very easy to overlook, especially
when “pP” drops out to “mP,” which
would mean that my robotic controller
just gained a processor that is 1000 times
larger in bulk! (And you were wondering
how this topic was going to relate to
robots.)

[Another consideration that Dean over-
looked is the conversion of text between
IBM-compatibles and the Macintosh. The
Mac maps the extended characters different-
by, complicating the “soup” with a new set of
“mistransiations.” What's more, typesetting
Poptronics brings in a completely different
Postscript font for the Greek and mathemat-
ical symbols that does not relate to the IBM
or Macintosh extended characters. Even if
we did start with a (bopefully) macro-virus-
free word-processor-document file, those
symbols still need to be translated.

The computer industry has responded to
this dilemma at least two ways: Microsoft’s
proprietary RTF (Rich Text Format) and
the international-standards-based Unicode:
a character-mapping protocol that allows for
65,536 symbols. Specific ranges of characters
are reserved for certain groups of characters,
such as Greek, Cyrillic, Arabic, Hebrew,
mathematical, and typographical. Theres
even room for custom symbols in the protocol.
Needless to say, standard ASCII characters
are in their accustomed positions.

Recent versions of Microsoft Word and
Corel WordPerfect have support for Unicode
to varying degrees. Other operating systems

tend to lag in that respect. Linux, for exam-
ple, bas a “Unicode HOWTO” describing
how to get your distribution to jump through
the corvect set of boops, but applications that
take advantage of that capability are far and
Sfew between.—Editor.]

STK20381 Supply Source

I am trying to repair an audio system

that uses a power-audio IC, STK2038I1.
Is that chip still available? How much does it
cost?—R.N., Petrolia, Ontario

You can tell when I'm trying to find a

parts source for a reader: It only takes
two catalogs. Had I been looking for my
own use, I'd still be digging! For $11.39,
you can buy the chip from Dalbani, 4225
NW 72nd Ave., Miami FL 33166; 800-
325-2264; www.dalbani.com. The catalog
number is STK20381I (go figure). Good
luck with your repair. Wasn’t that audio
part of the synthesized-audio card on
your modified Heathkit Hero 20007

BUY BONDS

Introducing Robotics with
Lego® Mindstormsm™

For Robot Lovers. Shows how to build a
variety of increasingly sophisticated com-
puter-controlled robots using the brilliant
Lego mindstorms Robotic Invention System
(RIS). Covers the fundamental building tech-
niques needed to construct strong and effi-
cient robots. Explains to the reader how robot
control programs may be simply constructed
on their PC screens.
Detailed building in-
structions are provided
for all the robots fea-
tured. 270 pages, 71/2
x 1057 in. $19.99.

Plus $2.45 shipping
in US. Order from
CLAGGK Inc., PO.Box &
12162, Hauppauge, NY
11788 cLx1

Reliability of Integrated
Gircuits

These days, many commercial electronic

products containing microcontrollers—
like VCRs and answering machines—show
some trouble, forcing the user to pull the AC
plug for a minute or two to restart the device
and solve the problem. Do you think that
conventional ICs are more reliable and less
trouble than microcontroller-based prod-
ucts?—G. F, Toronto, Ontario

This is a subjective answer if ever

there was one. Overall, I'd have to say
that the new equipment that is more
heavily integrated is more reliable. I can
give you several reasons for that opin-
ion. First, the designers of the current
crop of ICs are a lot farther up on the
learning curve in the manufacturing
processes that turn sand into silicon into
circuits. Their yield rate is much higher,
they’ve learned from past mistakes, and
many new designs are still based on
tried-and-true circuits and technologies.

Second, the implementation of the
same design in smaller ICs requires far
more solder connections than a design
using large-scale integration. The more
solder connections you have, the better
the chance of having a bad connection
or heat damage.

A third reason is that complex circuits
constructed on the same wafer can be

made to perform better, often requiring
fewer “tweaks” outside the IC, and
hence, fewer non-reliable and noisy
components like potentiometers. Differential
amplifiers come to mind, where balance,
DC offset, and a higher CMRR can be
achieved better than in a discrete design.
In addition, on-chip benefits help relia-
bility, such as on-chip measurement of
substrate temperature for regulating
cooling or the current- and temperature-
limiting circuits on linear regulators.

Although not really an advantage, a
fourth reason for the better performance
is in sheer quantity. The more complex
devices may seem to fail more because
there are more of them manufactured
and because complex functions tend to
invoke more problems with, as you men-
tioned, things like latch-up. Compare
the cellular telephone of 1985 with one
of 2000.You didn’t see them around that
much in 1985; today, everybody seems
to have one, so you notice failures more.
I’d say that there are probably fewer fail-
ures per thousand units, but it seems like
the reliability is lower because the num-
ber of units around you is 50 times
greater.

I just replaced the old simple TG&Y
clock radio by my bed with a new one
that has a synthesized tuner, loads of sta-
tion presets, three different alarms, and
all kinds of soothing sounds to lull me to
sleep. I might expect the new radio to
fail, not because it uses fancy ICs, but
because there’s just so many more things
that can go wrong with it.

Writing To Q&A

As always, we welcome your questions.
The most interesting ones are answered in
print. Please be sure to:

(1) include plenty of background infor-
mation (we'll shorten your letter for publi-
cation);

(2) give your full name and address on
your letter (not just the envelope);

(3) type your letter if possible, or write
very neatly; and

@ if you are asking about a circuit,
include a complete diagram.

Questions can be sent to Q&A,
Poptronics Magazine, 275 G Marcus
Blvd., Hauppauge, NY 11788, or e-mailed
to q&a@gernsback.com, but please do not
expect an immediate reply in these pages
(because of our backlog) and please don’t
send graphics files larger than 100K. Due
to the volume of mail, we regret that we
cannot give personal replies. P



AMAZING SGIENCE

mailto: amazingscience@gernsback.com

Behavioral Based Robotics

We interrupt our series on fuel cells
to bring you a special two-part
article on behavioral-based mobile
robots. After this special robotics series,
we will continue where we left off with
fuel cells. This month, we will look at
the beginning of behavior-based robot-
ics. Behavior-based robotics may also be
called neural networks or reflexive behav-
ior. A behavior-based system is one of
the two main approaches to implement-
ing intelligence in robots. One approach
is called top-down intelligence while the
other is called bottom-up intelligence.

Although I am limiting the field of dis-
cussion to the movement (mobility) and
exploration of an environment for sim-
plicity, this is by no means a real restric-
tion on either approach discussed. To
implement intelligent control functdons in
a mobile robot, one must decide on which
approach is better to accomplish the task.
The top-down approach attempts to cre-
ate an expert system, or program, to per-
form a controlled search and discover.
The bottom-up approach creates an “arti-
ficial” behavior in the robot that causes it
to explore and discover.

At first glance, you might not see
much of a difference in either approach,
but it is there and it’s quite significant. If
an expert system approaches a situation
(or terrain) that it hasn’t been pro-
grammed to handle, it immediately fal-
ters. The behavior system, on the other
hand, isn’t looking for any template-like
“programmed” situation to calculate
procedures and couldn’t care less about
the situation—it just goes on exploring.

What has been found over the last
twenty years of robotic experimentation
is that bottom-up programming (behav-
ior-based) is successful many times when
top-down programming fails.

I apologize for this simple explanation
of top-down and bottom-up program-
ming. Whole books are dedicated to this
expansive subject if one is interested, but I
must summarize and continue.

A Robotics Pioneer

One of the first pioneers in the bot-
tom-up approach to robotics is William
Grey Walter. Walter was born in Kansas
City, MO in 1910. His family moved to
England when he was five. He attended
school in the United Kingdom and grad-
uated from King’s College, Cambridge in
1931. After graduation, he began doing
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basic neurophysiological research in
hospitals.

Early in his career, he became inter-
ested in the work of Ivan Pavlov, the
Russian psychologist best remembered
for his stimulus-response experiment on
dogs—the famous “Pavlov’s Dogs.” In
case you forgot, Pavlov rang a bell just
before providing food for dogs. After a
while the dogs became conditioned to
salivate just by hearing the bell.

Another contemporary of Walter,
Hans Berger, invented the electroen-
cephalograph (EEG) machine. When
Walter visited Berger’s laboratory, he
saw refinements that he could make to
Berger’s EEG machine. In doing so, the
sensitivity of the EEG machine was
improved and new EEG rhythms below
10 Hz could now be observed in the

ALL DIMENSIONS IN INCHES
ALL HOLES ARE 1/8 DIAMETER

Fig. 1. The wheel frame is a U-shaped bracket formed from a piece of sheet metal. Use the servo-
motor and motor bracket as a guide when drilling their respective mounting holes.
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Fig. 2. The motor bracket secures the gearbox
motor to the wheel frame.

human brain.

Walter’ studies of the human brain led
him to study the neural-network structures
in the brain. The vast complexities of the
biological networks were too overwhelm-
ing to map accurately or replicate. Soon he
began working with individual neurons
and the electrical equivalent of a biological
neuron. He wondered what type of behav-
ior could be gathered with using just a few
neurons.

To answer this question, Walter built
a three-wheeled turtle-like mobile robot
in 1948. The robot measured 12 inches
high and about 18 inches long. What
makes this robot fascinating is that it
exhibited interesting and complex
behavior with just two electrical neu-
rons. The first two robots were affec-
tionately named “Elmer” (ELectroM
Echanical Robot) and “Elsie” (Electro-
mechanical robot, Light SensltivE).
Walter later renamed the style of robots
Machina Speculatrix after observing the
complex behavior they exhibited.

Remember, in 1948, the transistor
had not been announced, so the elec-
tronic neurons for the robot were made
using vacuum tubes. Vacuum tubes con-

6-32 HARDWARE

FIG. 2 BRACKET
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Fig. 3. Here is what the front wheel looks like when fully assembled.

sume considerably more power than
today’s semiconductors, and the original
robot was fitted with a large recharge-
able battery.

The robot’s reflexes (or nervous sys-
tem) consisted of two sensors connected
to two neurons. One sensor was a light-
sensitive resistor; the other sensor was a
“bump” switch connected to the robot’s
outer housing.

The three wheels form a triangle.
The front wheel had a motorized steer-
ing assembly that could rotate a full 360°
in one direction. In addition, the front
wheel also contained a drive motor for
propulsion. Since the steering could
continually rotate a full 360°, the drive
motor’s electric power came through
slip rings mounted on the wheel’ shaft.

The photosensitive resistor was
mounted onto the shaft of the front-
wheel steering/drive assembly. This
insured that the photosensitive resistor
was always facing in the direction that
the robot was moving.

Four Modes of Operation

While primarily photovore (light-
seeking) robots, Elmer and Elsie exhib-
ited four modes of operation. It should
be mentioned that the robot’s steering
motor and drive motor were usually
active.

Search—The ambient environment
is at a low light level or dark. The robot’s
responses set the steering motor on full
speed and the drive motor on half speed.

Move—When the robot found light,

the responses were: steering motor off
and drive motor at full speed.

« Dazzle—Under a bright light, the
responses set the steering motor to half
speed and the drive motor to reverse.

Touch—The robot hit an obstacle. In
response, the steering motor ran at full
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Fig. 4. The main body of “Elmer, Jr.” is a simple
piece of sheet metal.




speed while reversing the drive motar.

Observed Behavior

In the 1950s, Walter wrote two
Scientific American articles and a book
titled The Living Brain (see the bibliog-
raphy sidebar for more information).
The interaction between the neural sys-
tem and the environment generated
unexpected and complex behaviors.

In one experiment, Walter built a
hutch where Elsie could enter and
recharge its battery. The hutch was
equipped with a small light that would
draw the robot to it as its batteries ran
down. The robot would enter the hutch,
and its battery would automatically be
recharged. Once the battery recharged,
the robot would leave the hutch to
search for new light sources.

In another experiment, he fixed small
lamps on each tortoise shell. The robots
developed an interaction that, to an
observer, appears like a kind of social
behavior. The robots dancing around
each other—at times attracted then
repelled—reminds one of a robotic mat-
ing ritual or territory-marking behavior.

Building Walter's Tortoise

We can imitate most functions in
Walters famous tortoise. To fabricate
the chassis, we need to do a little metal
work. Yes you read that right, a little
metal work. Working metal is made eas-
ier with a few tools such as a center
punch, hand shears, nibbler, drill, vise,
and hammer. See the sidebar for a brief
description of the tools whose names
you might not recognize at first.

Most hardware stores will carry the
simple metal-working tools outlined.
They will also carry the light-gauge
sheet metal and aluminum bar needed to
make the chassis.

I built my chassis out of %- X %-inch
aluminum bar and 22- to 24-gauge
stainless-steel sheet metal. Stainless steel
is harder that cold-rolled steel; if I had
to do it over again, I would use the cold-

rolled stuff.

Elmer, Jr.'s Chassis

From the previous descriptions of
Walter’s devices, we know that we need
two motors: one for steering and one for
movement. The drive motor has an inte-
gral 100:1 gearbox. I like this particular
gearbox motor because it comes with a
motor-mounting bracket. I've made the
motor available through my company,
Images Company. See my Web site,
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Fig. 5. This bracket supports the rear axle and wheels.

w\z}u.imagesco.com, for more details. For
the steering motor, I used a standard ser-
vomotor rated at 42-inch-ounces of
torque. Gather the motors together
first; you'll need them to locate mount-
ing holes on the robot frame.

Let’s start with the front-wheel frame.
This “U-" shaped construction is shaped
from a 1- X S-inch piece of sheet metal.
The dimensions are shown in Fig. 1. Three
holes in the center area are drilled to
mount the servo horn from the servomo-
tor. To locate the holes, start by removing
the servo horn from the servomotor. On

the brand I used, I loosened the horn’ cen-
tral screw and pulled straight up; whatever
type you use might be different. Line up

The gearbox motor comes with an integral
100: 1 gearbox and a convenient mounting plate.

soondod ‘L00Z Yo:EW
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PARTS LIST

12- X 12-inch sheet metal, 22 or 24
gauge

12-inch aluminum bar, % X % inch

Servomotor, 42-ounce-inch capacity

100:1 gearbox motor (Images Company
918D)

6-32 machine screws and nuts

0-80 machine screws and nuts

the servo horn on the bracket and mark the
center of the three holes. Drill the center
hole larger (% inch) than the two outer
holes (4s inch).

Drill the two %-inch axle holes for

Ui You Ia"’w'"

RABBI LOEW’S GOLEM

Jewish Mysticism tells the tale of
a Rabbi Loew who lived in 16t
century Prague. The Rabbi created
a golem from clay and tree limbs.
Using enchantments from the
Cabala (a compilation of ancient
Hebrew texts that includes the
Zohar) Rabbi Loew brought his
automaton fo life. According to leg-
end, the golem would receive hand
written instructions into his mouth—
sort of like a code listing—and the
magical robot would “share the
workload of the town. The residents
appreciated the helping hand.

Eventually, the Rabbi taught the
golem to read. Affer becoming
educated through books, the golem
began to yearn for freedom.
Rumors say the incarnation soon
%w jealous of the local children.

hy should | do all this work,”
queried the golem. In a blind rage,
;?\e man-made creature began to
terrorize Prague. After days of
tragedy, the people of Prague man-
aged to chase the golem away.

This is just one of hundreds of
legends that surround the use of
automatons in early history. Primitive
robots have been discovered through-
out fime. As the Industrial Revolufion
began to flourish, clock-like mecha-
nisms using gears and weights
combined with (then) cutting-edge
steam technologies.

Whether powered by mechani-
cal principals or unexplained mys-
tical energies, historical s reveal
a treasure horde of strange tales of
early robotics.

the front wheel as shown. They are
located at the ends of the metal strip. Set
the bracket aside for now; we’ll come
back to it in a moment.

An “L-" shaped bracket mounts the
drive motor to the wheel frame. As
shown in Fig. 2, this is a 1%- X 3-inch
piece of sheet metal. Drill a pattern of
three holes where the motor bracket will
mount to the wheel frame. The exact
locations aren’t important, as long as
they fit within the area shown.

BIBLIOGRAPHY

Walter, W. Grey—"An imitation of life,"
Scientific American, May 1950

Walter, W. Grey—"A Machine that Learns,”
Scientific American, August 1951

Walter, W. Grey—The Living Brain,
W.W. Norton, NY, 1963

Mount the bracket in a vice and
make the 90° bend.

Now comes the tricky part if you're
“all thumbs.” Take the wheel frame with
your first hand and hold the gearbox
motor against it with your second hand
so the gearbox motor’s shaft goes
through one of the axle holes. Place the
motor-mounting bracket in place with
your third hand (see why I said this
would be tricky?) and mark the hole
locations for (a) mounting the gearbox
motor to the motor bracket (four holes)

TOOLS OF DESTRUCTION
AND CONSTRUCTION

“Center Punch—Used to make a dimple in
sheet metal to facilitate drilling. Without
the dimple, the drill is more likely to “walk”
off the drill mark. To use, hold the center
punch in the center of the hole location
needed to be drilled. Hit the center punch
with a hammer to make a dimple.

Drill and Hammer—Self-explanatory.

Nibbler—Used to remove (nibble) smail
bits of metal from a sheet. It is also used
to nibble cut-outs and square holes in
light-gauge sheet metal. RadioShack sells
an inexpensive nibbler, which tends to
break easily when overtaxed.

Shears—Used to cut sheet metal. | would
advise purchasing 14-inch metal shears.
Use them like a scissors to cut metal.
Remember, although the action is very
similar, using shears on metal is a lot
harder than cutting paper.

Vise—Used to hold metal for drilling and
bending.

The gearmotor mentioned in this column
may be purchased from:

Images Company

39 Seneca Loop

Staten Island, NY 10314
718-698-8305
www.imagesco.com

Order Part No. 918D
$21.95

and (b) mounting the motor bracket to
the wheel frame (three holes). You can
mark the locations with a pencil or felt-
tipped pen with your fourth hand!

Once you've marked the holes, drill
them with a %-inch drill. The wheel
frame can now be bent to its final U
shape as shown in Fig. 1. Like the motor
bracket, a vise makes a handy “poor-
man’s bending brake.”

Mount the gearbox motor to the
motor bracket and the motor bracket to
the wheel frame with 6-32 hardware.
Your assembly—minus the wheel—
should look like Fig. 3. Mount the
servo’s horn to the top of the wheel
frame with the servo’s central screw and
two additional 0-80 machine screws and
nuts.

The main base is a 3- X S5%-inch
piece of sheet steel. Use Fig. 4 as a guide
when preparing the plate. Drill four %-
inch holes for mounting the steering
servo. You’ll need to cut a rectangular
hole to fit the servo. An easy way to do
that is to drill a series of holes along the
inside perimeter of the servomotor’s
hole. The holes should be large enough
to admit the working jaw of a nibbling
tool. When you have removed as much
material as possible, finish the job with
the nibbler. File the edges of the hole
and mount the servomotor with 6-32
screws and nuts.

The rear-axle bracket is shown in
Fig. 5. Fabricate it from a 10-inch length
of %- X Y%-inch aluminum bar. Drill the
four %-inch holes before bending the
bar. When you drill the center holes,
clamp the bar to the rear of the Fig. 4
base plate and drill the holes in both
items at the same time. That way, the
holes will align perfectly.

After drilling the holes, mount the
bar to the base with 6-32 hardware. For
the rear axle, I used the wire from a
metal coat hanger.

Next Month

That’s it for this month. Next month,
we will continue assembly and add the
control electronics. P ]
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GORDON MCCOMB

CyerK'NEX—Part Robot, Part Fun

obotics has long been associated

with toys. From model R2-D2 ‘bots
to programmable LEGO MINDSTORMS,
robots and toys continue to inspire new
generations of automaton enthusiasts.
As toys have become increasingly sophisti-
cated, so have the robots; it’s not unusu-
al for a $50 mechanical toy to have the
computing power of a 1980s personal
computer.

Entering the fray of robotic toys is
a new line of controller-based kits from
K’NEX, CyberK’NEX. All are based on
the wildly popular K’NEX construc-
tion system, which is composed of
semi-flexible rods and geometric con-
necting links. Because of their con-
struction, K’'NEX pieces can be used to
build fairly large models, including
Ferris wheels that measure several feet
across. A LEGO Ferris wheel the same
size would weigh as much as a small
child and would likely come apart if
not glued.

Let’s take a closer look at the Cyber-
K’NEX and how it can be used not only
as an entertaining construction toy, but
as a valuable introduction to robotics and
mechanical design.

Inside the CyberK’'NEX
As of this writing, K’'NEX offers
three CyberK’NEX kits to choose from:

¢ Hyper Wheels
¢ Cybots
¢ Ultra

Each kit contains a small microcon-
troller-based processor for operating
motors, lights, and a crude voice and
sound-effects system. “Behaviors” are
pre-coded in modules that plug into the
“Cyber Port.” The $130 Ultra set,
which I've been experimenting with,
comes with five “personality” modules
plus a programmable module. More
about these modules in a bit.

The Ultra set also offers a download

The K’NEX parts allow you to be quite elabo-
rate in your designs. This “skier” robot is a
bonus plan available from the CyberK’NEX Web
site. Note the main cyber processor in the mid-
section of the robot and the cyber port on the
back of the robot.

programmer. The programmer connects
to a PC via the parallel port (and there-
fore, will not work with a Macintosh or
other computer that lacks a standard
parallel port). So far, K’'NEX only offers
the ability to download personality pro-
grams for the programmable module
from their Web page; a programmer’s
language or developer’s kit is nowhere to
be found. You can also program basic
moves using an infrared controller,
included with the Ultra set.

While the Hyper Wheels and Cybots
sets lack the download programmer, all
three kits can be controlled by most any
standard infrared hand-held controller.
The control is actually fairly minimal;
the CyberK’NEX doesn’ react to the
individual buttons on the remote, but
rather any modulated infrared light that
is received. Each of the personalities
responds differently to a button press on
the remote.

K’'NEX vs. LEGO

It’s tempting to compare the Cyber-
K'NEX kits to LEGO MINDSTORMS—
in fact, both can be used to construct
programmable robots. However, the
design influences of LEGO and K’'NEX
are fairly different: whereas LEGO
models are fairly well structured,
K’NEX models are more free-form.
“Bending the rules” is encouraged when
working with K'NEX, whereas LEGO
models are often viewed as to whether
they are “pure,” meaning if they contain
any non-LEGO parts or use unusual
construction techniques such as (hor-
rors!) gluing.

Here’s some background on the
LEGO MINDSTORMS for those who
are not yet familiar with it and haven't
read the rest of this issue.

The LEGO MINDSTORMS uses a
sophisticated programmable microcon-
troller for its main “brainstem.” That
controller can only be programmed via
computer. Programs you write on your
computer are downloaded to the con-
troller (referred to as the RCX) via an
infrared link. The RCX has room in its
battery-backed RAM memory for up to
five independent programs, each of
which is capable of multi-tasked opera-
tions. Programming is accomplished
using either the graphical environment
that comes on the MINDSTORMS CD
or with any of a number of alternative
programming environments, such as Not
Quite C.

The less expensive LEGO MIND-
STORMS Robotics Discovery Set uses a
microcontroller (referred to as the
Scout) that is primarily programmed by
pressing a series of buttons on the con-
troller. “Behaviors” can be programmed
to react to light or touch (provided by
simple switches attached to the body of
the robot). Additionally, the Scout can
be programmed via computer and
infrared link, though the Robotics

souondod ‘L0o0z yorew
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the one that comes in the Robotics
Invention System. If you’d like to pro-
gram the Scout from your computer,
you need to first obtain an IR tower for
it. Towers can be purchased separately
from Pitsco Lego Dacta, at www.pitsco-
legodacta.com. You also need a program-
ming environment, such as Not Quite C
or the PBrick scripting language offered
by LEGO (see www.legomindstorms.com
for more information).

Conversely, the microcontroller (called
the “cyber processor”) unit used in
CyberK’NEX is less robust, lacking the
ability (at least so far) to download your
own programs. The CyberK’NEX Ulera
does have a PC-based program module,
but so far that’s only for programs you
download from the CyberK’NEX Web
site (www.cyberknex.com) or program
manually using the remote-control module
included in the set.

The set contains a half-dozen other
pre-programmed personality modules,
called “cyber keys.” The keys are lol-
lipop-sized and are designed to be
inserted into a docking bay (the “cyber
port”), which is connected by wire to the
CyberK’NEX controller. Each key con-
tains read-only memory for a single
behavior, or in the case of the program-
mable cyber key, re-writable memory.

Of Sensors and Motors
Robots are best when they can inter-
act with their environment. The Cyber-

MULTIMEDIA
on the PC!

What is Multimedia? What can
it do for you? |t can do lots
of nice things! This 184-page
i book helps you create your own
multimedia presentation. Mul-
tlmedla applications by people like you can
revolutionize educational and business applications as
well bring more FUN, FUN, FUN into your leisure
computer activities.

N N A S S Sae S .
nﬂail coupon to:
Electronlcs Technology Today, Inc. |
P.0. Box 240
Massapequa Park, NY 11762-0240 |
Please send me my copy of Muitimedia on the PC I
(PGP120). f enclose a check or money order for $18.45 to

cover the book’s cost and shipping-and-handling ex-
penses. NY state residents must add local sales tax.

Name
Address |

City State ZIP

All orders must be paid in U.S. funds only. Sorry, no
orders accepted outside of USA and Canada. Please aliow I

L6-8 weeks for delivery. MAQ2

K’NEX comes with various sensors to
determine what’s around it, making the
system more interactive. The Cyber-
K’NEX Ultra sports two light sensors
(one infrared for receiving commands,
the other for sensing changes in light,
such as you walking in front of it), two
push-button switches, a sound sensor,
and a movement sensor. Two light-emit-
ting diodes are also included for “eyes”
or other output. The switch sensors,
light sensors, and LEDs are tethered by
wire; the remaining sensors are built
into the main K’NEX controller.

Additionally, the CyberK’NEX contains
its own speaker, for both sound effects
and voice.

A combination robot/hot rod (another bonus
plan available from the CyberK’NEX Web site).
A motor is located at the rear of the robotic
vehicle; a motor-control pad is located in the
“driver’s” seat.

The CyberK’NEX Ultra comes with
three reversible motors. The motors are
attached to the main controller by way
of wires that are each about a foot long.
Each motor contains its own batteries
(the CyberK’NEX controller has sepa-
rate batteries). Each motor has its own
control pad that houses the batteries for
that motor and a toggle switch. The tog-
gle switch lets you manually operate the
motors. One pad has a single toggle
switch for one motor; the other pad’s
dual toggle switch controls two motors.
If you don’t need access to the switches,
you can mount the motor-control pad
anywhere on your model. Otherwise,
you need to mount them so they can be
accessible.

The separate battery packs are some-
thing of a hassle. Instead of replacing an
entire pack (the LEGO MINDSTORMS
uses six batteries located in a single bay),
you must replace batteries from three
different locations. A screwdriver is
required to access each battery pack.

On the other hand, by spreading out
the batteries to different modules, it is
possible to construct robots that lack a
single, heavy “core.” With some careful
thought, you can locate each battery
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pack so that the weight of the robot is
more evenly distributed. Just make sure
you mount the CyberK’NEX’s con-
troller and motor-control pads so that
you can readily get to them, otherwise
you'll need to disassemble your creation
in order to change the batteries. To be
fair, some LEGO MINDSTORMS
constructions also require at least partial
disassembly in order to access the bat-
tery bay on the RCX or Scout units.

Fans of the LEGO MINDSTORMS
may find the CyberK’NEX limited in
function and design. Nevertheless, it's
important to remember that the Cyber-
K’NEX is engineered for a different
kind of learning and play experience. By
its nature, LEGO is more structured,
and so are the robots that you can create
with it. K’NEX allows for more fanciful
designs; the more outrageous, the bet-
ter! With just the parts included in the
CyberK’NEX kit, for example, you can
create foot-tall dinosaur or dragon robots.

With three motors, you can create a
robot that can maneuver in all directions
(for the most common design approach
this requires two motors), and includes
an arm, hand, or missile launcher. The
missile launcher fires foam projectiles
from a spring-loaded catapult. The mis-
sile launcher is controlled from one of
the motors. One use of the missile-
launcher is to fire upon “enemies” that
the robot encounters. Of course, no
harm is really done, as the missiles are
fired with only minimal force, and are
nothing more than soft foam (very simi-
lar to Nerf).

If the LEGO MINDSTORMS sets
are for serious robotic play, the Cyber-
K'NEX is for pure fun. You probably
won’t learn as much as about robot
design, multi-tasking behaviors, or
mechanics with CyberK'NEX as you
would with LEGO MINDSTORMS.
Nevertheless, you’ll have just as much
fun, and you’ll stll learn the basics of
robotics. [p]
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Rohot Mechanics

or this special issue of Poptronics

devoted to robots, we’ll take a break
from more traditional electronics repair
to look at some issues related to equip-
ment with moving parts. While VCRs
qualify—including motors, sensors, and
mechanics—they do not include the
diverse types of parts found in robotic
systems. Space limitations dictate that I
restrict this discussion to the types of
electromechanical systems found in
items ranging from high-tech toys to
more traditional low-cost robots.

Getting the Fix On Robots
An electromechanical system con-
sists of:

¢ Motors.

* Actuators.

* Sensors.

¢ Mechanical components (linkages,
gears, belts and pulleys, etc).

¢ Controller (microprocessor, pro-
gram, and data memory, and its
interfaces).

* Power drivers.

* Power supplies.

* Software or firmware.

We will be taking a look at some of those
subsystems in this column.
Electromechanical systems require a
broad range of skills to troubleshoot
because of the interaction between saoft-
ware, electronics, and mechanics.
Problems such as damaged mechanical
parts resulting from a mobile robot
falling down a flight of stairs will be
obvious, although a fault associated with
the lack of response from a sensor conld
be due to a number of causes. There-
fore, a systematic approach must be
taken to rule out each potential cause.
Due to allotted space, I can only touch
on a few aspects of this topic. Much more
information on troubleshooting and repair
of individual components like motors, sen-
sors, batteries, power supplies, semicon-
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Fig. 1. Signals A and B are said 10 be in “quad-
rature-phase.” Each cycle consists of four divi-
sions. The two signals are always ninetv degrees
out of phase during any of the four divisions
(ninety times four equals 360-—one full cycle).
Stepper motors make use of this signaling for
precision movement.

ductors, and IR devices can be found at
wuw.repairfag.org.

Motors and Actuators

Two types of motors commonly used
in small robots include DC Permanent-
Magnet (PM) motors and stepper motors.
Common electronic equipment like
printers and disk drives also use stepper
motors. Small PM motors are similar to
high quality servomotors in how they
work, but are built as cheaply as possi-
ble. They are found in all sorts of con-
sumer-electronic equipment, toys, and
hand-power tools. These motors are
fairly reliable if run within their ratings.

Rotational direction and torque/speed
are determined by the polarity and magni-
tude of the average voltage applied to
them. Rotation is continuous (unlike step-
per motors, see below). Speed can be quite
high—tens of thousands of rpms (revolu-
tions per minute). Some form of position
feedback is needed if a system needs to
move to a particular spot.

Problems with PM motors include:

¢ Dirt or “gunk” collecting on the
comimutator.

* Partially shorting the motor.

* Excessive metal-brush wear.

¢ Erratic operation or a totally open
motor.

For typical toys and small robots,
motor failures are probably less com-

SAM GOLDWASSER

mon than for motors used in applica-
tions like VCRs that may run for hours
contnuously.

Stepper motors rotate in discrete
steps as determined by a multiphase
waveform applied to their sets of field
coils. One example of what such a mul-
tiphase waveform looks like is shown in
Fig. 1. Although that figure depicts a
different subject (which we’ll obviously
get to later), it does illustrate the basic
waveform used with two-phase stepper
motors (like those available from surplus
dealers at low cost). They will hold their
position with power removed (though
with less torque than when power is on).
Except for an initial “home” position
reference, no feedback is required in
stepper motors because movement to
any position can be programmed by a
known number of steps (assuming the
rest of the mechanism has no slip).

Problems with stepper motors
include:

Open or shorted windings—Check
the windings with a multimeter.
However, a few shorted turns might not
show up but could still result in over-
heating or speed problems.

Dry or worn bearing—The drive shaft
should rotate without binding though
magnetic detents will be felt.

Demagnetized rotor—This problem
might happen if the motor is disassem-
bled, or if it is driven with a much high-
er input than expected. Compare the
unit under test with a known good sam-
ple of the same motor. Weak or no evi-
dence of detents compared to a good
unit is one sign of a degaussed rotor.

CAUTION: Disassembling a step-
per motor might demagnetize the rotor
when it is removed from the stator
assembly. This is, for all intents and
purposes, irreversible at home. Low-cost
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This is a close-up view of a photodiode (labeled IR2). This photovoltaic device provides the input
Jor the optical encoder of a standard mouse (see section on “Sensors” ). Two sensors are used; one
detects horizontal movement of the mouse and the other detects vertical movement of the mouse

PM motors are generally not prone to this,
but some high quality servomotors might
be rendered useless from disassembly.

Solenoid Scenarios

Solenoids are used where only two
positions of some mechanism are need-
ed as with a robot gripper. While motors
require [ubrication, many solenoids do not.

Common problems with solenoids
include open or shorted coils and
gummed-up grease from improper
lubrication that can cause binding.

Sensors

Anything that detects some physical
condition can be classified as a sensor.
Proximity and distance sensors are com-
monly used in robotics. Those might be
based on physical, optical, or sonic
effects.

A simple probe activating a micro-
switch will detect contact with a wall or
obstruction. Optical proximity sensors
send a beam out (typically from an IR
LED) and detect any return reflections
with a photodiode or phototransistor.

Optical triangulation (used in many
camcorders) and the Polaroid sonar
module (used on their cameras for
focusing and sold separately) can mea-
sure distance to tens of feet with moder-
ate accuracy.

Problems with sensors can range
from something as simple as a crunched
microswitch or dirt on an optical lens to

electronic malfunctions, interface faults,
and buggy software.

Angle sensors are also frequently
employed. The most common types are
variable resistors (potentiometers or
rheostats), especially for inexpensive
devices like toys. Optical encoders or
electromagnetic types are often used on
higher quality equipment. Most com-
puter mice (ironically, not the ones
called optical mice!) use optical encoders
as shown in the accompanying photo.

Problems include defective LEDs or
photodiodes in the encoder (optical
types) or bad coils or drivers (electro-
magnetic types).

Speed sensors are used to monitor
motor performance. For sensing the
rotation of a motor or wheel, optical
encoders are common. The actual speed
is calculated by software. A very simple
one pulse per revolution may be suffi-
cient for some purposes, but most often
the “A” and “B” (quadrature signals are
shown in Fig. 1) outputs of an optical
encoder are interpreted to provide both
angular position and speed.

One-, two-, and three-dimensional
sensors are used to bestow sight. These
typically use a CCD (Charged Coupled
Device) or CMOS camera with software
to analyze the resulting data. A single-
line CCD array is sufficient for 1-D
detecting of contours or slowly scanning
a scene to acquire a 2-D image.

A pair of cameras can be used to

acquire 3-D information in the form of
a stereo pair. A laser-based line scanner
can be used in conjunction with a single
camera to acquire 3-D information

directly.

Finding Sensor Bugs

Problems with any of those devices
can range from a bad sensor (dead pixels
or worse) and control electronics to
interface or software problems.

Detailed testing is beyond the scope
of this column, but the basic procedure
is to attempt to localize the fault to the
sensor, interface, or elsewhere by substi-
tution if possible. Measurements of the
sensor inputs and outputs can also be
made. For example, when testing an
optical encoder, check that the power
input is correct and then look at the A
and B outputs to determine if they
resemble the waveforms illustrated in
Fig. 1 with solid logic levels; while the
shaft or wheel is rotated slowly by hand.

Note that, in many cases, problems
with erratic counts from an optical or
mechanical sensor producing A/B quad-
rature outputs are due to incorrect soft-
ware or logic. There are many ways to
get it correct enough to work under con-
tinuous rotation in one direction or the
other, but it takes more effort (a “state-
machine” approach) to work under con-
ditions where the shaft is jiggling back
and forth.

Testing of camera-type devices can
be much more complex requiring
detailed documentation on the sensor
and its electronics, a scope or logic ana-
lyzer, and a certain amount of luck!

Controllers

Some form of programmable device
generally provides the intelligence in
robotic systems. The simplest often use
PICs (single chip micros with built-in
memory and interfaces).

More sophisticated systems may use
a higher performance microprocessor or
multiple processors in a distributed
architecture. There is no way to cover
that subject here except to emphasize
the importance of recognizing that soft-
ware and firmware bugs can manifest
themselves in very peculiar ways.

Note that motors and other electro-
mechanical actuators result in an electri-
cally noisy environment that is shared by
the controller. Unless this is taken into
consideration in the design of the sys-
tem, problems like random lockups or
reboots or just plain unreliable opera-



tion are almost assured.

Power Supplies

Almost all of the toys and small
robot-type devices are (or can be) pow-
ered by some form of batteries, possibly
with DC-DC converters to generate
multiple voltages from a single battery
pack. Weak, dead, or improperly select-
ed batteries are near the top of the list of
common problems with those and other
portable systems.

Movable Mechanics

Robots, almost by definition, include
movement. Bearings and sliding parts
can become worn, gummed-up, or dam-
aged. Rule number one has to be:

Never force anything

If rotating a shaft doesn’t result in
the expected movement, find out why.
Perhaps you’re turning it in the wreng
direction, and it’s already at one end of
its travel. Or, maybe something has
jammed the gears.

Realize, however, that with many
inexpensive devices like toys, everything
is constructed as cheaply as possitile;
repair may simply not be possible if
some key component has broken.

Fortunately, if the device is properly
lubricated when constructed and it is
operated in clean environments, addi-
tional attention may never be needad.
However, water, dust, dirt, and sand
result in the need for frequent cleaning
and lubrication. That brings us to rule
number two:

NEVER use lubricants such as
WD-40 when working with your
robot!

Sealed ball bearings should be
replaced if they become excessively
noisy or rough when rotated by hand.
Disassembly, cleaning, and repacking
might be possible, but irreversible dam-
age to the bearing surfaces (races) could
have already occurred.

Sleeve bearings (bushings) in motors
could be lubricated for life, or they
might need a periodic application of a
couple of drops of light machine or elec-
tric-motor oil. If they are dry or dirty,
complete disassembly, cleaning, lubrica-
tion, and reassembly are advised if possi-
ble. If they are excessively worn, replace-
ment is the only option.

Slow rotating and sliding parts

+V v ACTUATOR

Fig. 2. This L-C circuit is being used between
the power supply and an actuator. The circuit
can offer some protection against system
brownout. The capacitor, fed by the inductor,
will release more voltage for the actuator upon
each discharge. This circuit application exploits
the capacitor’s battery-like quality. L-C filters
also absorb EMF when a coil-based actuator
turns off (supply voltage is removed). Without
protection, this “inductive kickback™ can be
several times the original supply voltage (e.g. a
12-volt system can generate spikes over 50
volts).

should be lubricated with light grease. If
any are dry or tight, disassemble to per-
mit the removal of old gummed-up
grease and dirt.

Obviously, inspect for damage such
as bent shafts or linkages, missing screws
or cotter pins, etc.

Troubleshooting Approach

When a commercial product sud-
denly refuses to cooperate, mechanical
or electrical problems could most likely
be to blame. However, if you are
attempting to troubleshoot a system you
have built—and it uses a programmable
processor—then software/firmware prob-
lems must be near the top of the possi-
bilities list (especially if it had worked
before). Ask yourself: “What changed?”
Has the broken function been tested
since the last software change or download?

Power-supply voltages can help detect
faults in power distribution. The most
common problem is likely to be dead or
weak batteries. Make sure the voltages
hold up under load. Many types of
motors draw a high current when start-
ing, decreasing as the speed picks up.
Thus, just checking the voltages while at
idle isn’t a sufficient test. In addition to
unreliable movement, a dip in a critical
power supply voltage may cause the sys-
tem to reboot (see our “EYEBot” fea-
ture for a practical example of that type
of failure).

Determine if the controller is boot-
ing properly. If you are designing a sys-
tem, adding some diagnostic LEDs or a
diagnostic-terminal port will help
immensely; an in-circuit software-
debugging facility is even better.

When only certain operations aren’t
working, attempt to determine what
they have in common such as shared
power-supply voltages, an interface bus,

or a block of program code. Power the
relevant motors or actuators from an
external source (AFTER DISCON-
NECTING THEM! and see if the
expected motion takes place. You can
also try to activate them manually to
assure there is no binding of parts or
other mechanical problems.

If you have spare parts available or if
you can swap parts like similar motors,
doing so can quickly confirm or rule out
possible causes.

With moving parts, bad connections
due to flexing of cables or loosening of
solder joints are quite likely. Problems
could only appear when something is in
a particular range of positions, or they
could be even more erratic.

Erratic problems can also be caused by
electrical interference between electro-
mechanical actuators and sensitive logic or
analog circuitry. For a commercial system,
cable shields could have become discon-
nected, cable routing could have changed,
and power supplies could be marginal.

Here are some tips to keep in mind
when building your own robot. Use sep-
arate power supplies for analog circuitry,
digital circuitry, and actuators. Provide
adequate bypassing (e.g., 0.1-wF) ceramic
caps on every chip as well as 22-uF elec-
trolytic caps scattered around each cir-
cuit board. Add some L-C filters in
series with the actuators (see Fig. 2).

Use twisted pair or shielded cable
for low-level sensor and similar signals.
Remember: Not all commercial prod-
ucts are designed properly—the only
important aspect to most manufactur-
ers is whether they last beyond the
warranty!

Remember when building or trou-
bleshooting, don’t jump to conclusions
when problems occur. With the combi-
nation of electronics, mechanics, and
software, a trivial fault in one subsystem
can result in a change in behavior in
unexpected places.

And So We Must Part Ways...

Robotic and other electromechanical
systems make great projects. The inter-
disciplinary nature of these devices
results in a fun and rewarding educa-
tional experience, whether designing a
robot from scratch or repairing a high
tech toy like a Furby.

Please e-mail any comments and/or
suggestions to serviceclinic@gernsback.com.
You can check out my Web site at
www.repairfag.org for all your repair and
laser-optics-related questions. [P ]
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NEW LITERATURE
(continued from page 7)

centrates on the steps needed to build
Seeker, a light-seeking robot, and to
program it in NQC. Later chapters add
to Seeker’s functions, using ppFORTH
and legOS. The book concludes with
two chapters on building both custom
passive and custom powered sensors.
Each author has written material based
on his specialty: Baum discusses NQC;
Hempel talks about pbFORTH; and
Gasperi covers numerous custom sensors. In
addition, Villa explains upgrades to the
MINDSTORMS built-in operating system.

High-Q Tools Catalog

from Velleman Inc.

7415 Whitelball St., Suite 117
Ft. Worth, TX 76118
817-284-7785
www.velleman-kit.com

Free

This 44-page full-color catalog contains
Velleman line of High-Q Tools, many of
which will come in handy for building and
maintaining your robots. It offers an extensive
selection of multimeters, soldering and hand
tools, oscilloscopes, enclosures, cameras and
monitors, security devices and buzzers, and
power supplies, among other products. There
are also educational CD-ROMs and mini-
kits. A color photo, description, and full specs
accompany each product.

PCIBus
I]em_l_;silfm[l

Sbhhnil

Aimed at hardware and software design-
ers, this book is a practical guide to the
PCI Bus found in every modem PC.
The guide begins with an overview of
key PCI Bus concepts, including com-
mands, read-and-write transfers, memo-
ry and I/O addressing, error handling,
and interrupts. It then goes on to more
advanced topics, such as PCI-to-PCI
bridge architecture and the PCI BIOS.
(One possible design application for the
PCI Bus is for developing an interface
card for controlling a robot from a PC.)

The accompanying CD-ROM includes
a free, fully searchable eBook version of
the text. In addition, a Web site for the
book (wwuw.pcidemystified.com) covers new
PCI developments, offers supplemental
materials, and provides a readers’ forum.

user’s guides. The PIC chip is one of the
most popular microchips used in experi-
menting with robots.

Giving users the flexibility to edit,
compile, emulate and program PIC-
micro microcontroller devices from a
single user interface, the library includ-
ed the most current release of MPLAB
Integrated Development Environment
(IDE) software and a beta version of the
MPLAB-CI18 compiler. Microchip’s
Web site offers both text and parametric
search capabilities, and the CD-ROM
has text search capabilides.

PCI Bus Demystified

by Doug Abbott

LLH Technology Publishing

3578 Old Rail Road

Eagle Rock, VA 24085
8§00-247-6553 or 540-567-2000
www.LLH-publishing.com
$49.95

Technical Library CD-ROM
2" Edition 2000

Sfrom Microchip Technology Inc.

2355 W. Chandler Blud.

Chandler, AZ 85224-6199
480-786-7668
www.microchip.com/10/Sales/index.btm
Free

Updated biannually, the revised CD-ROM
is a complete compilation of technical doc-
umentation on Microchip’s PICmicro
microcontrollers and associated develop-
ment tools, KEELOQ secure data prod-
ucts, non-volatile memory devices, and
related microperipheral products. It pro-
vides extensive information regarding
Microchip product specifications, applica-
tions, programming specifications, and

The Microcontroller Application
Cookbook

by Mart Gilliland
Whaodglen Press

PO. Box 871

Penn Valley, CA 95946
530-432-3816
www.parallaxinc.com

$29.95

. by Matt Gilliland _

o G, Pt

For somebody getting started with
microcontrollers, designing the circuit
can be the most challenging part of
building a project. Sifting through tim-
ing diagrams to try to figure out how to
interface an A/D converter or control-
ling a high-voltage circuit with a solid-
state relay can be difficult.

A wide-ranging collection of 113 inter-
face circuits designed around the BASIC
Stamp II from Parallax, this book enables
readers to assemble a circuit casserole from
a collection of ingredients. (See the discus-
sion of the BOE and BOEBot from
Parallax elsewhere in this issue.) It provides
a variety of simple circuits and interface
code that can be customized for more
advanced uses. Among the circuits is a
motor-drive circuit for a robot. (Another
robot connection.) p|
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A RIGHT TURN

hen last we talked, I was just about to
start a new subject. I got word about
this special issue, so lets shift gears and
jump on the robot bandwagon. Don't
worry—we’ll hit the road running next
month when we start exploring the
CD4017, but, for now, lets take a closer
look at some of the circuitry connected
with our electromechanical friends.
Boy-oh-boy, I do like robots! Since
Santa didn’t deliver on my wish for a
Sony AIBO this time around, I'll keep
the dream alive by sharing some of my
basic robot circuits with you.
No matter how simple or complicated
a robot happens to be, most robots require
at least one or more mMotors to operate.

|I T MOT1

| W
|
QRLW

RLY2

OFF
LEFT RIGHT
o ot

81

12v
ll—ll--——l
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Fig. 1. Wiring a motor through a pair of relays
makes for a simple direction-reversing circuit. A
simple three-position switch handles logic and pro-
tection against accidental activation of both relays.

PARTS LIST FOR THE
RELAY-REVERSING CIRCUIT
{FIG. 1)

ELY |, RLY2—Double-pale, double-
throw [2-volt relay and socket
{RadioShack 275-206 or similar)

S1—Single-pole, double-throw, center-
off switch

Maotor, power source, efc,

W

CHARLES D. RAKES

o0
DOWNLOAD THESE
CIRCUITS FROM

Www.electranicsworkhench.com/poptronics

@
MOT1
2N2222 Q3 o
2N3904 SNBEGE
L o L
-
R2 £
ook & RIGHT
+ R1 AA 1 ROTATION
¥ R3 2 INPUT
LEFT y=R2K R3 R4
ROTATION 10K 195 (REVERSE)
INPUT Ay
(FORWARD)

Fig. 2. If you want to control the relays of Fig. I with electrical signals, simply replace the switch
with this transistor circuit. Note how one input automatically locks the other from activating.

PARTS LIST FOR
THE TRANSISTOR-DRIVER RELAY CIRCUIT
(FIG. 2) :

SEMICONDUCTORS

Q1,2 22232 NPN sihdon transistor
3, Q4—2N30904 NP silicon transiston
D1, D2— 1 W4002 silicon rectifier diode

RESISTORS
LAl resistors are A-walt, 5% units.)
El, R2—2200-0hm

Industrial robots demand a high degree of
accuracy and are usually operated with pre-
cision stepper motors. Less expensive edu-
cational (read “fun”) robots most often use
small DC brush-type motors to make
things move. That’s what we’ll look at first.

Forward And Reverse

One of the first things required in
robotics is the ability to reverse the
direction of movement. If a simple

R, R4—10,600-chm

ADDITIONAL PARTS

AND MATERIALS

RLY1, RLY2—Double-pole, double-
throw | 2-volt relay and socket
(RadioSheck 275-200 or similar)

Motor, power source, eto:

wheel-driven mobile robot happens to
end up in a corner or against a wall, it
must be able to back up or turn away.
Our first entry, see Fig. 1, is a simple
motor-reversal circuit. Two 12-volt, sin-
gle-pole, double-throw relays are used
to control the motor’s direction of trav-
el. The motor-reversal circuit can be
used to control drive motors that move
the robot around or as a steering motor

soiuondod ‘1002 yosew

to guide the robot in and out of trouble. 61
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R3
1K 1K
LEFT RIGHT
INPUT INPUT
(FORWARD) (REVERSE)

Fig. 3. A standard “H-bridge” configuration
removes the mechanical contacts of a relay from
the circuit, making for a more reliable circuit.

PARTS LIST FOR
THE TRANSISTOR
REVERSAL CIRCUIT
(FIG. 3)

SEMICONDUCTORS
Q1, ©2—IN3906 PNP silicon transistor
Q3, (44— 2N3I004 NPN silicon transistor

ADDITIONAL PARTS

AND MATERIALS
R1-R4—1000-ohm, 4-watt, 5% resistors
Motor, power source, etc.

Figure 1 shows S1 in its center-off posi-
tion, keeping the motor at rest. Note that the
motor’ terminals are also shorted out when
in the non-run switch position. This is an
added feature called dynamic braking. What's
that you might say? Okay, I'll try to explain.

To state the incredibly obvious, a DC
brush-type motor runs when connected
to a DC source. When the voltage is
removed, the motor does not stop
instantly. During the time the motor is
still turning without input power, the
motor is acting like a generator, produc-
ing an output voltage across its termi-
nals. Our circuit shorts those terminals
as soon as the power is removed from
the motor. The short places 2 heavy load
on the “generator.” A generator will
normally turn easily when unloaded or
when powering a light load, but if the
load is suddenly increased dramatically,
the force required to turn the generator
will go up accordingly. Since the force
requiréed to turn a DC generator

TO BASE TO BASE
OF OF
Q4 - Q3

(FIG. 3) (FIG. 3)

TO TO
LEFT RIGHT
INPUT INPUT
(FIG. 3) (FIG. 3)

Fig. 4. If you add these transistors as indicated
1o the Fig. 3 circuil, you can prevent the bridge
Sfrom burning out if you accidentally trv 1o acti-
vate both directions at the same time.

PARTS LIST FOR
THE PROTECTION CIRCUIT
(FIG. 4)

QS5, Q6—2N3904 NPNM silicon transistor
R1, R2——10,000-ohm, '<-watt, 5%
resistor

depends on the output loading, our dead
short causes it to stop almost instantly.

Adding Some Horsepower

Our second robot circuit, see Fig. 2,
adds a transistor driver to each relay cir-
cuit and a dual-transistor safety circuit,
which only allows one of the relays to
operate at a time. If an input error
occurs and both inputs are activated
simultaneously, the safety circuit keeps
both relays from operating. A positive

signal at the “left” input turns Q1 on,
activating relay RLY1. Power flows
through the relay contacts to the motor,
causing it to run in the forward direction.

A positive input to the “right” input
turns Q2 on, activating RLY2, supplying a
reverse voltage to the motor and causing it
to turn in the reverse direction. The posi-
tive input also turns Q3 on, clamping the
base of Q1 to ground and keeping RLY1
from operating. The circuit can be driven
with any DC source that can supply about
5 to 8 milliamps to the inpus.

Don’t Need No Stinking Relays

Anyone who has worked with robots or
other electromechanical systems has
learned—usually the hard way—that the
weakest part of any system is mechanical in
nature. To increase reliability, our next
motor control circuit, see Fig. 3, uses a
modified “H” transistor bridge to replace
the relays used in our previous two circuits.

This circuit is intended for running
motors that require low run currents of
100 milliamps or less. I offered six dif-
ferent motor reversal circuits in the June
1999 issue of Popular Electronics
(when the column was called “Circuit
Circus”) that should fill most require-
ments for robot motors.

Here’s how the circuit operates.
Transistors Q3 and Q4 are the two NPN
input transistors that control the motor’s
rotation direction. A positive input to
either transistor will cause the motor to
run. Transistors Q1 and Q2 are a comple-
mentary pair of PNP transistors that

D1 R1
1N914 & 500K -1 MEG
+12V L
1
D2
. c 1N914
1 5
1 14 1 (N 4 8
3 6 E 10
2 [ 9
IC1-a IC1-b : OUTPUT
7| 174 cD40o3 1/4 CD4093 IC1-c
1/4 CD4093
-

Fig. 5. A simple pulse-width modulator supplies a variable pulse width at a constant repetition
rate~a good circuit for controlling the speed of a DC motor. The pulse width, set by R1, acts as the

“throttle.”

PARTS LIST FOR THE SPEED-CONTROL CIRCUIT
(FIG. 5)

SEMICONDUCTORS

ICH—CD4093 guad 2-input naxD
Schmitt trigger, inteprated circuit

D1, D2—11914 silicon sighal diode

ADDITIONAL PARTS

AND MATERIALS

R 1—-500.000-chm to 1-megohm
potentiometer

Cl, C2—0.1-wF, ceramic-dise capacitor
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LEFT INPUT
T 3 14 IC1-b
i 5 1/4CD4093 LEFT
TO SPEED- 2 u ORWAR
CONTROL IC1a > (FORWARD)
oUPUT 1/4 CD4093
12 | |_| L
8 11
I | I | : - P RIGHT
OUTPUT
IC1-c IC1-d
REVERSE
$m | 7[acoaes 1/4 CD4093 ( )
RIGHT 1K A2
INPUT 4 :"10K
-

Fig. 6. Adding this circuit to the circuit in Fig. 5 lets you steer the output pulses between two differ-

ent outputs—individually or together.

PARTS LIST FOR THE LEFT-AND-RIGHT
SPEED-CONTROL CIRCUIT
(FIG. 6)

IC1-—CDA093 qiad 2-inpul NAND
Schmitt trigger, integrated circuit

complete the bridge circuit. Resistors R1
and R2 are the feedback, or base-drive,
resistors for Q1 and Q2. A positive input
to the base of Q3 causes it to turn on,
pulling its collector—and the motor ter-
minal connected to its emitter—to
ground. At the same time, the base of Q2
is pulled to ground through R2, turning it
on and connecting the motor’s other ter-
minal to the battery’s positive voltage.
Applying a positive voltage to the “right”
input turns Q4 and QI on, causing the
voltage across the motor to reverse and
run in the opposite direction.

R1, R2—10,001)-ohm, X-watt, 5%
Tesistor

Adding Protection

The H-bridge motor-reversal circuit
is a great way to run robot motors as
long as both inputs don’t get activated at
the same time. If this would happen, it
could damage one or all four transistors.
A simple way to avoid the problem is to
use a dual transistor-clamping circuit
similar to the one used in Fig. 2, which
only allows one input to be driven at a
tdme. The dual-clamp circuit is shown in
Fig. 4, which may be connected to the
driver circuit in Fig. 3.

In the Fig. 3 circuit, a positive signal to

» = +12V
arr
LEFT
12
o 6 114 | | *
. 4 --0
5 LEFT
mK IC1-b OUTPUT
47 g 1/4 CD4093
3
13 |
Q2+ IC1-a 8
= RIGHT 1/4 CD4093 8 RIGHT
o4 i )’lc 1o °  outpuT
B +12
R2 71| 1/4 cD4a093 | |
47K --0
*RADIOSHACK ANy
276-145 OR SIMILAR -

Fig. 7. A pair of phototransistors helps create a “steering” signal based on which transistor sees light.

PARTS LIST FOR THE LIGHT-SEEKING CIRCUIT
FIG. T)

SEMICONDUCTORS

1C1-—-CDE093 quad 2-input KAND
Schmitt trigger, integrated circuit

1, Q2—Phototransisior (RadioShack
2T6-145 or similar)

ADDITIONAL PARTS

AND MATERIALS

K1, R2—47.000-0hm, Hd-wait, 5%
reqistor

the “left” input also turns on Q5 in Fig. 4.
The collector of Q5 clamps the base of
Q4 to ground, keeping it from turning on
if a positive signal at the “right” input
were to occur. If both inputs happen to go
positive at the same time, both QS and
Q6 would clamp the bases of Q3 and Q4
to ground—keeping the motor-reversal
circuit from operating.

Speeding Things Along

Now that we can easily change the
direction of rotation of our DC motor, it
would be great if we could also control its
speed. The circuit in Fig. 5 will do that by
driving the selected input of our motor-
reversal circuit in Fig. 3. The motor-speed
control is a simple variable pulse-width-
oscillator circuit that allows the output’s
“on” time to be adjusted from about 5% to
about 95%. Three gates of a quad two-
input NAND Schmitt-trigger CMOS 1C
make up the circuit. Gates IC1-a and IC1-
b form the oscillator, and IC1-c serves as a
buffer-driver output.

The oscillator’s frequency is deter-
mined by the values of C1 and R1. The fre-
quency may be lowered by increasing the
value of C1 and raised by decreasing C1’s
value. Once in a while, a DC motor will be
frequency sensitive and chatter or run
erratically. Usually changing the operating
frequency will eliminate the problem. It is
a good idea to run most DC motors at the
lowest possible frequency because the
armature winding is inductive, and power
losses increase with frequency.

Left And Right

Our next entry, see Fig. 6, allows the
speed-control circuit to operate with the
motor-reversal cireuit in Fig. 3 for both
rotation direction and speed. A single
CD4093 quad two-input NAND Schmitt-
trigger CMOS IC steers the speed-con-
trol signal to the selected input of the
motor-reversal circuit. Gate ICl-a
directs the speed-control signal to the
“left” or “forward” input of the motor-
reversal circuit, and IC1-c to the “right”
or “reverse” input.

A positive input to pin 1 of IC1-a
activates the “left” output; a positive
input to pin 9 of ICl-c activates the
“right” output. The positive-input
directional signals can be computer-gen-
erated or derived from other analog or

digital circuitry.

Light At The End Of The Tunnel
Our next entry, see Fig. 7, introduces
a simple method of robot tracking that

soluondod ‘100 Yorew
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Fig. 8 Mounting a potentiometer with a pendulum-like weight gives your robot a sense of balance.
If the unit is leaning 100 far in one direction, the circuit will output a warning signal. The clever
robot builder will connect that output to a circuir that will help right the robot before it tips over.

“PARTS LIST FOR THE LEVEL-SENSING CIRCUIT

(FIG.

o

1CT-—LM339 quad comparator,
integrated cirgut- >

D1, F2—IN%14 silicon signal diede

can easily be added to your robot circuitry.
This circuit uses light as the tracking
source. With neither phototransistor
receiving a light input, the voltage at the
emitters of both phototransistors is low.
The output at pin 3 of IC1-a and the out-
puts of both IC1-b and ICl-c are high
because if either input of a NAND gate is
low, its output is always high no matter
what input is at the other input.

Light hitting Q1 produces a positive
output at its emitter making both inputs of
IC1-b high and its output low. A low out-
put indicates that light is seen by the “left”
input. If a positive output is desired, add
another NAND gate wired as an inverter
(both inputs ded together) to the output,
which will change the low to a high output.

Light hitting Q2 produces a low at
the output of IC1-c. If both phototran-
sistors receive a light input, the outputs
of both IC-b and ICl-c are high. This
safety feature keeps both outputs from
being turned on at the same time.

Leveling The Playing Field

Our last robot-circuit entry, see Fig.
8A, can be added to a mobile robot to
help keep it from tipping over or to
make corrections and readjust to a more
level position. The sensor (Fig. 8B) is a

8) i

F1— MO0 potentiometer
B2, R3—10,000-chm potentiometer
Weight, hardware, etc. 0

potentiometer with a hanging weight
attached to the shaft on a short solid
support. The potentiometer is mounted
to the robot in a way that allows the
weight to swing as the robot moves on
an uneven surface. The output at the
center terminal of the potentiometer is
connected to the inputs of two LM339
quad comparators. The other two com-
parator inputs are connected to two
potentiometers, which are used to set a
voltage window for the amount of shift
in the position of the weight. The win-
dow may be adjusted to allow for a nor-
mal variation in the robot’s level setting.

As long as the robot remains within the
normal range of the preset level, the out-
puts will be low. If the weight moves too far
in either direction, the output will go high.

_Two circuit are required if both left-and-

right and front-to-back positions are to be
monitored. The circuit may be used to cor-
rect the uneven position of the robot by
taking the output from each comparator
and feeding it to a horizontal-correction
circuit of your own devising.

More Robot Circuitry?

Once again, time has run out for this
visit. Even though this special issue is
drawing to a close, I would love to go on

with more basic robot circuits. If you
would like to see more of my robot cir-
cuits, please let me know and we’ll con-
dnue. You can write to me at the e-mail
address at the top of this column. p]

D;J oy ]U' .

THE ORIGIN OF ROBOT

It was playwright Karel Capek
who first miiﬁ e word robnfin
his play R.U.R. (Rossum's Universal
Robots), which opened in Prague in
1921, The word is Czech for
drudgery or slave loborer. The
premise of Caopeks play is the
dehumanization of mankind due to
technological advances.

Robotics coined b}r lssac Asimony,
the famed author and scientist.
Asimov's “lows of Robotics”
appeared in_his short-story collec-
m::nr I, Robot. The laws are as fol-

Wi C

* Law Zero: A robot may not injure

humanity, o, *hmugl inaction,,
» allow humanity to come to harm.

* Law One: A robot may not injure
a human being, or, through inac-

. fion, dllow a human being tof

- come to harm, unless this would
violate @ higher order law,

* low Two: A robot must obey:
orders given to it by human
beings, except where such orders,
im:-ugd conflict with a higher order
aw.

* Law Three: A robot must profect

i its own existence as long as such
retection does not cﬂnFﬁ ct with o
igher order law.

Joe Engelberger has been called
"the father of robotics.” Both
Engelberger .and George Devol
developed the Unimates. Those
robots were first introduced to
industry in the late 50%s. Devol
‘received the patents for those robot-
ic- part transter machines.

. later, in the mid 80, the robotic*
‘industry boomed due Io the support,
of the automotive industry. Scientists
.as far back as Nikola Tesla have |

"been experimenting with rabots.

3
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NEW GEAR

(continued from page 6)

or spectrum analyzer. The ADC-11/12
is ideal for measuring small signal
changes and could be used to measure a
robot’s speed, for example.

CIRCLE 68 ON FREE INFORMATION CARD

The ADC-11/12 sells for $239.
SAELIG CO.
1193 Mosely Road
Vicror; NY 14564
716-425-3573

www.saelig.com p]

consisting of an educational work-
book and all the parts needed to
build a rugged BOEBot. Customer
support available from Parallax is
second to none. Design possibilities
for BOEBot modification are practi-
cally limitless.

For more information, contact
Parallax, Inc., 599 Menlo Drive, Suite
100, Rocklin, CA 95765; 916-624-8003;
www.parallaxinc.com; or circle 80 on
the Free Information Card. P

mation technology as a whole.
Whether computers will outsmart us is
a question of mind-boggling impor-
tance that will be answered only as

HANDS-ON REPORT
(continued from page 13)

learns how to program various inputs
and outputs, create and employ
sub-routines, and use feedback from
created circuits for complex program
executions. The workbook also gives
a briliant infroduction to working with
Bectrically Erasable Aogrammable
Read Only Memory (EEPROM). The
EEPROM chip on board the BASIC
Stamp Il allows for the storage of pro-
grams and data.

The final lesson is about naviga-
fion by means of IR frequency
sweep. The BOEBot can move
about using a couple of IR LED’s
and IR detectors that are placed
on the breadboard and programmed
with PBASIC. The programmed cir-
cuits allow the completed BOEBot
to negotiate obstacles along its
path. It was remarkable o see the
final product move throughout my
home. The appendix had some
suggestions for competition includ-
ing a maze challenge.

Overall Rating. Parallax’s Robotics
Kit is a comprehensive product

NET WATCH
(continued from page 20)

research and development of
robotics on a grassroots level.

The Net is reaching middle age,
and it has gone through some
alarming changes. With the advent
of broadband technologies allow-
ing for streaming audio and video
at high bandwidths, it seems as
though the Internet‘may be des-
fined to transform your PC into a
glorified nickelodeon machine. Yet,
the electronic hobbyist—diligent
and true to the cause—continues
to use the Net for collaboration
and exploration. Together, tech-
heads and hobbyists can keep the
frue spirit of the World Wide Web
alive, (P

DIGITAL DOMAIN
(continued from page 22)

com, and Bottomdollar at
www. boffomdoliar.com. Some spe-
cialized bots include CNET Shopper
at www.shopper.com, Monstermoving
at www.monsfermoving.com, and
InsWeb at www.insweb.com.

Right now, all that bots can typ-
ically dois try to find good deals for
you. You have to do the rest. Work
is underway though on interactive
bots that can, for instance, negoti-
ate price and other variables and
place orders without your involve-
ment. For more information on bots
in general, check out BotSpot at
www.botspot.com.

In short, bots, or inteligent agents,
are not yet so inteligent after all. They
will certainly get smarter, as will infor-

= -

the future boots up. p|
3»0w...
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ROBOTS IN THE LIMELIGHT

Mowe moguls have wen dollar
signs in robots. The: electronic
actors were exploited heavily in
celluloid during the 50’s and have
continued fo play an active role in
sci-fi enterfainment.
> Dozens of robots have achieved
héusehold celebrity SfQéJS among
fans. Kids today know LUCAS
FILM's ‘R2D2 and C3PO, but do
they remember Robby or Robot B9
of Forbidden Planet and Lost In

. Space fame?

Television has also b?‘oughf Dr.
Wha's K-9 and Dr. Theopolos's
Tweeky info our homes, Even the
more popular movies of our tech-
|aded sociely have featured
androids. Joan Rivers added voice
to Dot Matrix of Space Balls, Robin

: Williams portrayed. ,a  family
android in Bicentennial Man, and
Arnr::|d tock a break from Hibernia
in order to lend his automaton tal-
ents fo Terminator. £

~ “Gazing back into hm%qnd see-

ing the world of the future accord-
ing to the classic film Metropolis,
we see how life imitated art. Time
will tell if man and machine will
fruly coexist as they do in sci-fi
tales. -

“Turn your sensor mount, and cough!”
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GREAT BOOKS AT BUDGET PRICES

[]100 RADIO HOOKUPS 1 GUIDETO THE WORLD’S
—#7-$3.00 RADIO STATIONS A Guide

i ished i i -BP355-$7.99 to the World's
First published in May, 1923 this Radio Stations

popular booklet went into reprint
editions nine times. It is packed with
circuits, theory, antenna installation
and tips on consumer radio receivers
that were popular in the early 1920's.
Antique radio buffs and those inquis-
itive about the early days of radio will
find this booklet an

exciting, invaluable and excellent
reference into the minds of early-day
radio listeners. Sorry, we cannot
honor the original 25-cent cover
price.
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REVISED -
THE ELCO

[] PRACTICAL
ELECTRONIC MODEL
RAILWAY PROJECTS
-BP384-$6.99

Provides a number of useful but
reasonably simple projects that
include a constant voltage
controller, automatic signals, steam
whistle sound effect, two-tone horn
sound effect, automatic chuffer,
and a full chapter that covers how
to use a computer to control a
model railway layout, including
controllers and signaling systems.
Helps make your model railway a
state-of-the-art system.

An easy-to-read guide for the casual
listener and top notch QSL getter!
The Guide is an essential reference
work designed to steer the listener
around the ever more complex radio
bands. Listings cover world-wide
shortwave stations with a special
emphasis on international broad-
casts in English. Medium and long-
wave listings are also included for
the US, Canada, European, Middie
and Near East, and North Africa
regions.

[0 WIRELESS &
ELECTRICAL CYCLOPEDIA
-ETT1-$4.99

A slice of history. This early
electronics catalog was issued in
1918. It consists of 176 pages that
document the early history of
electricity, radio and electronics. It
was the “bible” of the electrical
experimenter of the period. Take a
look at history and see how far we
have come. And by the way, don't
try to order any of the radio parts
and receivers shown, it's very
unlikely that it will be available.
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Dalbani.

Serving The Industry Since 1982

The Ultimate Saving Source

Order Online www.dalbani.com $285
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‘OSCILLOSCOPE
Item # 50-6845

o *369"
Specifications:

+ Brand: LEXON, Model#: CA-8020A

+ 20 MHz Oscilloscope, 2 Channels 4 Trace

» Effective Screen Size: 8x10 DIV, 1 DIV = 10mm

+ Accelerating Voltage: +2KV -+ Sensitivity: 5V

+ Bandwidth: DC 0-20MHz, AC 10Hz-20MHz

» Mode: CH 1, CH 2, ALT, CHOP, ADD

* Input Coupling: DC - GND - AC - Trimming Ratio:
2.5:1 - Input Impedance: IMOhms +/-3%,
25pF+/- 5pF « Input Resistance: 10KQ « Voltage
Requirements: 110V, 50/60Hz « Power
Consumption: 40W » Dimensions: 310(W)x130(H)
x 418(D) mm + Weight: Appx. 6.5 Kg

\- Accessaries: Power Cord, 2 Scope Probes, Manual )

SWING ARM MAGNIFYING LAMP |

-5 $ 34°

Perfectly Balanced Fluorescent Lighting

With a Precision Diopter Magnifier Lens.

+ Spring-Balanced 45" extension arm
with 3 conductor « 22W fiuorescent
circling tube « Available for inspection on electronic
circuit board, gemstone,laboratory inspection or
hobbyist to scrutinize stamp, coins
extra-magnification. « Lamp is included.
Color Voltage / Freq.

{_White 110V / 60Hz

item #
54-0120 )

(=l eYsT=im A

DCZ= AC Compact I

300W (€ ,‘

Item# 40-1910

Common Features:

« AC output Voltage: 120V AC

+ DC input Voltage: 10-15V

* Frequency +1%, 60Hz 50Hz

+ Output wave from: Modified Sine Wave

» Over load protection * Low Battery Shutdown

+ Low Battery Alarm « Cooling fan « Cigarette plug

+ Batterie clamps - Output: <Power 300W Surge
600W- Current:2.50A - Continuous Power: Deskfan,
Laptop -« 2 Outlets

Approx. Dimensions: (LxWxH)(9"x4"x2"){232x104x58mm)

Approx. Weight: (2Lbs) (0.9Kg)

This Power Inverter Handles Temporary High Surge Loads to Start

\. Electric Motors, Water Pumps, TVs and more.

$ 3900

Itemi# 40-1685

This dual LCD display

regulated power supply has _

been designed to provide :

the most often required

in the laboratories,

schools and production

lines. f

Voltage:

* Recovery Time:

< 100psec

« Ripple & Noise:

< 0.5mV RMS "

« Qutput 0-30V(DC) + Load Regulation: < 0.015% + 3mV

Current:

* Output 0-3A(DC) * Load Regulation: < 0.3% +
3mA « Ripple & NOise: < 3mA RMS

« Chassis & AC Cord: > 30 MQ (500V DC)

+ Chassis & Output Terminal: > 20MS2 (500V DC)

S Dimensions: (L:11"xXW'5"xH:6") « Apprx. Weight: 8lbs

(DuaL LCD DispLAy s8500

J

(5-60W VARIABLE ELECTRONI
SOLDERING STATION
Item # 51-2005 4 @

PRO’S TOOL

CaH ug for Ups
‘#nd accesorles

y

110V AC
« General Duty
Soldering Station

p
DiGrtar MULTIMETER
Item # 50-6585

UNIE-I

« 9V Battery Included
+ Diode Test * Input
Impedance: 10MQ
* Resistance: 200Q-
20MQ - AC Voltage:
200mV-700V - Test Lead Probes Included
+ AC/DC Current: 200 PA-20A I
« Transistor Test « Continuity Buzzer « Auto Power
Off - DC Voltage: 200mV-1000V + Low Battery

J/

+ Adjustable 5 Watts to 60 Watt ; Display + 0.5% Basic Accuracy + 3.5 Digit Max LCD
\ For the professional or hobbyist y \ Display « Dim. (H xW x D):6.75"x 3.5" x 1.75"
-

. PRO s ELECTRONIC Tool KiT

Item# 50-1875

* Hobby Vise & Brush - Utility Knife (snap-off blade)

+ 7 Pcs. Folding Type Hex + 6 Pcs. Precision Screwdriver

* Mini Drill + Soldering Iron Stand + Electric Tape

+ Anti Static Strap - Utility Components Box < Mini Vacuum

+ Desoldering Pump  + Soldering Iron Stand Cleaner

* 8" Lineman’s Plier « Solder Core, Electric Tape

» IC Extractor - Tool-carrying case 460 x 333 x 130mm
(18"x 13"x 57)

Eroalfin *1 6@

QUATITY FROPLCTS

« And Much More

(CALL TOLL FREE
1-800-325-2264

in Canada Call 1-800-667-4362
\ - -

Up to 5 Ibs anywhere in the U.S.A.
Excluding Alaska, Hawaii & Puerto Rico

J/
05 SPECIAL SHIPPING RATT [ )

+ $2.25 handling

2NVA' R,

CIRCLE 316 ON FREE INFORMATION CARD

Receive a Free Catalog with your Order
P

 MULTI-NETWORK
CABLE TESTER (¢

TF% “‘?P? ®

QUALITY PRODUCTS

Item# 95-7695 o

Common Features:

* Multi-Network Cabte Tester
is specified to quickly test by
auto scanning the wires
continuity, miss-wiring and polarization § (1]
in your network cables, [thin Ethernet 490
BNC) for Item# 95-7685 only],
10Base-T(UTP/STP)/356 A/TIA-568A/TIA-568B/
Token Ring. * By using the attached remote terminator,
you can easily test the cable before of after the cables
are instalied. + Also allows you to test the ground of

\_ Shielded Twisted Pairs Cable. J

JCLRRTIS

135&.10%9&@

PC NETWORK SURGE PROTECTION
$25,000

Iltem# 40-2490

Accommodat Power
Adaptors

* Protects against surges,

« EMI/RF! filter
minimizes line noise

« 15Amp circuit breaker

« 8 outlets & telephone
protection using RJ45/RJ11

« 6ft power cord * Max. spike current: o
6,500 Amps + Rated Voltage: 125V, 5¢/60Hz "

« Built-in cabie manager T\“W

Equioment
Protection Warrar

2 dev:ce RJ11 & RJ45 data line protection

network seady
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RELAYS ¢ LIGHTS » MOTORS

|
TEMPERATURE » PRESSURE « LIGHT LEVELS » HUMIDITY

SWITCH POSITIONS » THERMOSTATS * LIQUID LEVELS

* PLUGS INTO PC BUS
* 24 LINES DIGTEAL 1/0

+ 08-232 INTERFACE

* 8 DIGITAL /O

*+ § CHANNEL. + § ANALOG INPUTS
8 80T A/O/ N o - 2 ANALOG OUTPUTS

« 12 81T COUNTER 22¢ 24 BT

+ 1P T0 14K SMP/SEC
4 MODEL 150-02 ..., $179

RS- 232 INTERFACE
« TRMS, 20 AMPS

- 12BMTA/D

« OPTO-ISCLATED

« COMPLETE DMM

MODEL 100

MODEL 40.

12 BIT 100 KHI A/D
+ 4 ANALOG OUTPUTS
+3 IMER COUNTESS
* 24 IGITALL/O

* RS-232 INTERFACE
* 28 LINES DIGITAL 1/0

* RS-232 INTERFACE
+1BBITA/D

5.5 DIGIT

* UP 1O 60 SMP/SEC

+ 8 ANALDG INPUTS
* PWM OUTPUT

Prairie Digital, Inc.
PHONE 608-643-8599 « FAX 608-643-6754

CIRCLE 219 ON FREE INFORWMATION CARD

The Standard for checking
Capacitors in-circuit

- Good enough to be the

It choice of Panasonic,

l Pioneer, NBC, ABC, Ford,
JVC, NASA and thousands
of independent service

/ technicians.

Inexpensive enough to pay for itself in just
one day’s repairs. At $179, it’s affordable.

And with a 60 day trial period, satisfaction
guaranteed or money-back policy, the only
thing you can lose is all the time you’re
currently spending on trying to repair all
those dogs you’ve given up on.

CapAnalyzer 88A

$59 PCBs

And our layout software is FHEE

© Download our board layout software
© Design a 2-sided circuit board 2.5" x 3.8"
© Send us your layout aver the Internet

We ship you 3 excellent quality boards
O with platéd-through holes for $5
(shipping included) e

—
!

= \ re' .
2 WWW.EXPresspeh.com i

Locate shorted or leaky
components or conditions
to the exact spot in-circuit

Still cutting up the pcb,
and unsoldering every
part trying to guess at
where the short is?

$179

Your DVM shows the same shorted reading all
along the pcb trace. LeakSeeker 82B has the
resolution to find the defective component
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect’s pad. Now
you can locate a shorted part only a quarter of
an inch away from a good part. Short can be
from O to 150 ohms

LeakSeeker 82B

Available at your distributor, or call 561-487-6103

Electronic Design Specialists

www.eds-inc.com

CIRCLE 210 ON FREE INFORMATION CARD
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Visa - MasterCard - Discover * Amex

World’s Smallest
68HC11

Microcontroller
Module!

MicroSiampl T

® telemetry
@ microrobotics
® smart toys
® animatronics
® model railroading
® home automation

Windows-based development
software included free!

NEW,

® tiny, light-weight (0.5 oz.) 1-inch x

1.4-inch 68HC11 module

® 5V regulator, 8MHz crystal

@ choice of 8K or 32K EEPROM

® optional 32K RAM (32K EEPROM version}

® plugs into your breadboard like a DIP

® SCI, SPI, OCs, ICs, timers, & more

@ all 14 1/0 lines and 2 interrupts brought

out to versatile 20-pin connector

@ program in BASIC, assembler, or C

® easy code-ioading with Docking Module

® Starter Packages:*
8K EEPROM (#MS11SP8K)............. $49
32K EEPROM {#MS11SP32K}).......... $72
32K EE+32K RAM (#MS11SP64K)...$90

" Includes MicroStamp11, manual, PC software (free-
ware assembler, SBASIC compller, Smartload11
utility, and sam, le programs), seriai cable, Docking
lodule, accessories.

Optlonal ImageCraft 68HC11 C cross-compller for
W3.1i9x available (# ICCTIWIN)....... $153
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® tiny 2-inch x 2-inch 68HC11 module

® 12 inputs/outputs plus 8 analog inputs
® RS232, 5V regulator, 8MHz crystal

® 32K SRAM plus 8K or 32K EEPROM

® piugs into your breadboard like a DIP

® easy program loading from any PC

® motor driver & accessories available

@ ideal for MicroMouse robot competitions

8K Starter Package #MCL1SPBK............ $68 ‘

32K Starter Package #MC11SP32K........ $93
Motor driver boards, LCD/keypad/keyboard
interface & prototyping cards available

Techaologicsl |

ARtS

Many other moduies & accessories available.
Visit our website at:
www.technologicalarts.com
sates@technologicalarts.com
TOLL-FREE: 1-877-963-8996

Phone: (416) 963-8996
Fax: (416) 963-9179

The Pocket Programmer

| he portable programmer that uses

Only $129 95
T

INTRONICS,
wsimeviie. aa INC,

THE POCKET PROGRAMMER

TO PRINTER PORT

the printer port of your PC instead of
ainternal card. Easy to use
software that programs Eprom,
EEprom, Flash & Dalias Ram. 27(C)
/28(C)/28F / 29F / 29C & 25XX
series from 16K to 8 Megabit with a
32 pin socket. Adapters available for
Pic, PLCC, 5-Gang, 874X, 875X
MCU’s, 40-Pin X 16 & Serial
Eprom's, 82/74 Prom's and Eprom
Emulator to 32K X 8.

Same Name, Address & Phone #
for 16 Years... Isn’t it Amazing ?

Intronics, Inc.

Box 13723 /612 Newton St.
Edwardsville, KS 66113 Add $5.00 COD
Tel. (913) 422-2094 Add $4.00 Shipping

Fax (913) 441-1623  Visa/ Master Charge

Unbeatable
PRIGES!

DESCRAMBLERS
CONVERTERS - FILTERS
VIDEO STABILIZERS

[E[R[E[2 » 30 Day Trial
FREE > Product Catalog

PSS » 1 Year Warranty
100% MONEY BACK GUARANTEE

Let us point you in
the right direction ...

Technologies
Omaha, Nebraska

838-554-ARROW [

888-554-2776

C ORAFP OGRATI ON

" CALL, WRITE

16 Character X 2 Line
LCD with Backlight

Daewoo # 16216L-5-VSO

5 x 7 dot format. 2.56” x 0.54”
viewing area. 3.15" x 1.41"
module size. LED backlight.
Includes hook-up/spec sheet.

CAT #LCD-53

$7 each
Phone Line

Privacy Protector
Protects modem, fax and voice ;ri’
transmissions from interruption.
Prevents eaves-dropping of |
phone conversations. The first
device to answer or access a line
secures the line. All of the others are
denied access until the first device hangs-up.
Installs between phone line and wall jack.
Note: You need one unit for each instrument

sharing aline. ~ CAT # TLM-20

10 for $12.50

$1 LEach 100 foorr $90.00
Nickel-Metal Hydride
AA “Flat-Top” Cells

Panasonic # HHR-11AAQ. 1.2 Volt. 1100 mAh
“flat-top” rechargeable AA cells. These cells are
designed for use in battery packs; they do not
have the raised button found on most replace-
able batteries. 0.55” diameter X 1.95" long.
Large quantity available. Two styles:
REGULAR-FLAT TOP @‘W
CAT # NMH-110 L -
$ 5g 40pcs $1.25 « 120pcs $1.00
each 800pcs 85¢ each

onTON
e

40pcs $1.50 « 120pcs $1.25
800+ $1.00 each

10 for $6.50 each
100 for $5.00 each

!!’;"
P

SOLDER-TABBED
CAT # NMH-110T

s122

each

ORDER TOLL FREE

1-800-826-5432

SHOP OUR ONLINE STORE
www.allelectronics.com
CHARGE ORDERS to Visa, Mastercard,
American Express or Discover

TERMS: NO MINIMUM OARDER. Shipping and handiing for the
48 conlinental L1.S.A. $5.00 per order. All others including AK,
HI. PR or Canada must pay full shipping. All orders delivered
in CALIFORNIA must include local state sales tax. Quantities
Limited. NO COD. Prices subject
to change withoul notice

MAIL ORDERS TO:

FAX or E-MAIL

tor our FREE R:\NM TN Joayz{e] N (o]
96 Page CORPORATION
CATALOG P.O. Box 567

Van Nuys, CA 91408
FAX (818)781-2653
alicorp@alicorp.com

Outside the U.S.A.
send $3.00 postage.

e-mail
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Earn an Associate Degree in Electronic Engineering Technology...

Put your knowledge of electronics to work for you. CIE offers the most comprehensive
Associate Degree program offered in electronics. Best of all you study at your own
pace with the full resources of CIE just @ phone call or a dlick of a mouse away.

It's Comprehensive and Unique. You Pay for Only the Time You Use!

You won't find a better school than CIE if you want to accomplish your goals
without pesky time restrictions {commuting, 8 hour class days, etc.) at CIE you
study at your own pace, even an accelerated pace. And if you're like most readers
of this magazine, your electronics background can help you receive your degree in
less than the maximum 8 terms allowed. Finish sooner and you can save thousands
of dollars in tuition. It's almost like being paid to study.




