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Warranty

Parallax warrants its products against defects in materials and workmanship for a period of 90 days from receipt of product. If you
discover a defect, Parallax will, at its option, repair or replace the merchandise, or refund the purchase price. Before returning the
product to Parallax, call for a Return Merchandise Authorization (RMA) number. Write the RMA number on the outside of the box used
to return the merchandise to Parallax. Please enclose the following along with the returned merchandise: your name, telephone
number, shipping address, and a description of the problem. We will return your product or its replacement using the same shipping
method used to ship the product to Parallax.

14-Day Money Back Guarantee

If, within 14 days of having received your product, you find that it does not suit your needs, you may return it for a full refund. Parallax
will refund the purchase price of the product, excluding shipping/handling costs. This guarantee is void if the product has been altered
or damaged.

Copyrights and Trademarks

This documentation is copyright 2000 by Parallax, Inc. BASIC Stamp is a registered trademark of Parallax, Inc. If you decide to use the
name BASIC Stamp on your web page or in printed material, you must state: "BASIC Stamp is a registered trademark of Parallax, Inc."
Other brand and product names are trademarks or registered trademarks of their respective holders.

Disclaimer of Liability

Parallax, Inc. is not responsible for special, incidental, or consequential damages resulting from any breach of warranty, or under any
legal theory, including lost profits, downtime, goodwill, damage to, or replacement of equipment or property, or any costs of
recovering, reprogramming, or reproducing any data stored in or used with Parallax products. Parallax is also not responsible for any
personal damage, including that to life and health, resulting from use of any of our products. You take full responsibility for your
BASIC Stamp application, no matter how life threatening it may be.

Internet Access

We maintain Internet systems for your use. They can be used to obtain free Parallax software and documentation and also to
purchase Parallax products. These systems may also be used to communicate with members of Parallax and other customers. Access
information is shown below:

E-mail:  stampsinclass@parallaxinc.com
Web: http://www.parallaxinc.com and http://www.stampsinclass.com

Internet BASIC Stamp Discussion Lists

We maintain two e-mail discussion lists for people interested in BASIC Stamps (subscribe at http://www.parallaxinc.com under the
technical support section). The BASIC Stamp list server includes engineers, hobbyists, and enthusiasts. The list works like this: lots of
people subscribe to the list, and then all questions and answers sent to the list are distributed to all subscribers. It's a fun, fast, and
free way to discuss BASIC Stamp issues and get answers to technical questions. This list generates about 40 messages per day.

The Stamps in Class list is for students and educators who wish to share educational ideas (subscribe at http://www.stampsinclass.com
under the discuss/e-mail section). This list works the same way the BASIC Stamp list server does, and it currently generates about five
messages per day.
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Preface

Preface

Robots are used in the auto, medical, and manufacturing industries, and of course, in science fiction
films. Building and programming a robot is a combination of mechanics, electronics, and problem solving.
What you're about to experience with the Boe-Bot will be relevant to realistic applications using robotic
control, the only difference being the size and sophistication. The electronic control principles, source code,
and circuits you will use are very similar (and sometimes identical) to industrial applications developed by
electronic engineers.

The word "robot" first appeared in a Czechoslovakian satirical play Rossum's Universal Robots by
Karel Capek in 1920. Robots in this play tended to be human-like. From this point it seemed that any good
science fiction story would involve them revolting against human authority, which requires intelligence. This
changed when General Motors installed the first robots in its manufacturing plant in 1961. For science fiction
or manufacturing, intelligence is only installed in a robot through programming.

This series of experiments will introduce you to basic robotic concepts using the Board of Education
Robot (hereafter the "Boe-Bot"). The experiments will begin with construction of the Boe-Bot. After that,
we'll be programming the Boe-Bot for basic maneuvers, and proceed to interface sensors that will allow the
robot to react to its surroundings. The goal of this text is to show students how easy it is to become
interested in and excited about the fields of engineering, mechatronics, and software development as they
design, construct and program an autonomous robot. The Boe-Bot provides students with a project area to
build and customize their own mechanical, electrical, and programming projects. The use of a robot to
introduce microcontroller circuits and interfacing is ideal since the outputs are almost entirely visible and
easy to customize.

The Board of Education may be taken off of the Boe-Bot chassis and used for other Stamps in Class
curriculum experiments. This portability saves the class from having to purchase another set of hardware,
which significantly reduces the cost of exploring robotics. The Board of Education Rev A was not originally
designed for use on a robot. The Boe-Bot was created in response to customer demand, so you will notice
one or two work-arounds that wouldn't exist if a robot had been considered when the Board of Education
was first conceived. Specifically, the servos use the unregulated 6 V power supply from Vin instead of
regulated 5 V power from Vdd. In addition, a 3300 nt capacitor is placed across Vdd and Vss. This prevents
brownout conditions and spontaneous BASIC Stamp 2 resets caused by peak servo current draws. An older
Rev A Board of Education may also need to have its voltage regulator swapped out for the new LM2940 low-
dropout regulator. Details for this are shown in Appendix E, and the replacement parts are free from
Parallax.
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Preface

The Board of Education Rev B has been modified to lend itself better to robotics applications without
compromising the other four Stamps in Class series of experiments. Larger onboard capacitors connected to
the Rev B’'s LM2940 voltage regulator eliminate the need for the 3300 nt capacitor used with the Rev A. Four
servo ports have been added enabling the use of four servos without taking up any space on the breadboard
prototyping area. Each port has a dedicated 1/0 line (P12, P13, P14, or P15 depending on the port), and each
can be used for controlling a servo. Each servo supply is still tied to Vin, the unregulated 6 V from the battery
pack, so use of a higher voltage supply is discouraged due to its tendency to overwork the servos.

Some of the other components on the Board of Education Rev B have been moved slightly, such as
the DB9 serial port connector and the 20-socket app-mod connector. Also, the Vdd socket on the 20-socket
app-mod connector now draws from the BASIC Stamp’s voltage regulator while the Vdd sockets above the
breadboard still draw from the BOE's voltage regulator. For the Stamps in Class curriculum, use only the Vdd
sockets above the breadboard on the Board of Education.

The Robotics curriculum will be revised and updated based on feedback from students and
educators. If you would like to author an addition to this curriculum, or have ideas for improvements, please
send them to stampsinclass@parallaxinc.com. We'll do our best to integrate your ideas and assist you with
whatever technical support, sales support, or on-site training you need. If we accept your Boe-Bot project,
we'll send you a free Boe-Bot.

Audience and Teacher’s Guide

The Robotics curriculum was created for ages 17+ as a subsequent text to the “What's a
Microcontroller?” guide. Like all Stamps in Class curriculum, this series of experiments teaches new
techniques and circuits with minimal overlap between the other texts. The general topics introduced in this
series are: basic Boe-Bot navigation under program control, navigation based on a variety of sensor inputs,
navigation using feedback and various control techniques, and navigation using programmed artificial
intelligence.  Each topic is addressed in an introductory format designed to impart a conceptual
understanding along with some hands-on experience. Those who intend to delve further into industrial
technology, electronics or robotics are likely to benefit significantly from initial experiences with these topics.

Experts in their field independently author each set of Stamps in Class experiments, and they are
provided leeway in terms of format. As a result, the depth and availability of teachers’ guides varies. Please
contact Parallax, Inc. if you have any questions. If you are interested in contributing material to the Stamps in
Class series, please submit your proposal to stampsinclass@parallaxinc.com.
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Copyright and Reproduction

Stamps in Class curriculum is copyright & Parallax 2000. Parallax grants every person conditional
rights to download, duplicate, and distribute this text without our permission. The condition is that this text
or any portion thereof, should not be duplicated for commercial use resulting in expenses to the user beyond
the marginal cost of printing. That is, nobody should profit from duplication of this text. Preferably,
duplication would have no expense to the student. Any educational institution wishing to produce duplicates
for its students may do so without our permission. This text is also available in printed format from Parallax.
Because we print the text in volume, the consumer price is often less than typical xerographic duplication
charges. This text may be translated to any other language with prior permission of Parallax, Inc.

Typographical Conventions

O Checklist instruction. The square box indicates a “how to” instruction. These instructions should be
followed sequentially, like a checklist, through each activity in this text.

v Pay attention to and follow these instructions. They will make the activities easier
TIP  and save time.

FY|  This box contains useful information.

Caution: follow these instructions, or you may end up damaging your
hardware.

PBASI C Program Li stings.

PBASI C excerpt froma programlisting. This kind of excerpt
al ways foll ows a paragraph of text explaining what it does
and how it worKks.

PBASIC code in a paragraph of text takes the form of: command argunent 1, argument 2, etc. Note that
the command is not italicized, but its arguments are.
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Robotics! Contributors

Chuck Schoeffler, Ph.D., authored portions
of the v1.2 text in conjunction with Parallax, Inc. At
that time, Dr Schoeffler was a professor at
University of Idaho's Industrial Technology
Education department. He designed the original
Board of Education Robot (Boe-Bot) shown here
along with many similar robot derivatives with
unique functions. After several revisions, Chuck's
design was adopted as the basis of the Parallax
Boe-Bot that is used in this Text. Russ Miller of
Parallax designed the Boe-Bot based on this
prototype.

Andrew Lindsay, Parallax Chief Roboticist, wrote the majority of the v1.3 text with three goals in
mind. First, support all activities in the text with carefully written “how to” instructions. Second, expose the
reader and student to new circuit, programming, engineering and robotic concepts in each chapter. Third,
ensure that the experiments can be performed with a high degree of success using either the Rev A or Rev B
Board of Education. Parallax 2000 summer intern, Branden Gunn, assisted in the illustration of this revision.

Thanks to Dale Kretzer for editorial review, which was incorporated into v1.4. Thanks also to the
following Stamps in Class e-group participants for their input: Richard Breen, Robert Ang, Dwayne Tunnell,
Marc Pierloz, and Nagi Babu. These participants submitted one or more of the following: error corrections,
useful editorial suggestions, or new material. Error corrections and many editorial suggestions were
incorporated into this revision. Some new material, including alternate low battery indicator activities and
extra mechanical exercises, will appear in version 1.5.

If you have suggestions, think you found a mistake, or would like to contribute an activity or chapter
to forthcoming Robotics! v1.5 or More Robotics! texts, contact us at stampsinclass@parallaxinc.com.
Subscribe and stay tuned to the Stamps in Class e-group for the latest in free hardware offers for Robotics!
contributions. See the Internet BASIC Stamp Discussion Lists section just before the Table of Contents for
information on how to subscribe.

Every person who works at Parallax, Inc. has in some way contributed to Stamps in Class. A special
thanks to the entire Parallax team for everything they've done to make the Stamps in Class program a
success.
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Chapter #1: Assembling and Testing Your Boe-Bot

Chapter #1: Assembling Chapter #1: Testing and Assembling Your Boe-Bot

and Testing Your Boe Imagine putting your Boe-Bot together and programming

Bot it to roll forward. Then, all that happens is it rolls
forward a quarter inch and stops! Without carefully
following instructions, this is just one of a variety of
mishaps that could befall your Boe-Bot. This chapter will
show you how to:

Get your BASIC Stamp 2 and Board of Education up and running.

Operate and test both unmodified and modified servos.

Modify, calibrate, and test servos to work as BASIC Stamp 2 controlled Boe-Bot motors.
Assemble your Boe-Bot.

Program the BASIC Stamp 2 to make the Boe-Bot go places.

Chapter #1 isn’t just about Boe-Bot assembly. It's also about ensuring that your Boe-Bot will work when it’s all
put together by testing key subsystems along the way. In following these instructions, you'll get some first-
hand experience with the engineering topics of system and subsystem development, testing and
troubleshooting.

Systems, Subsystems and Robotics Competitions

Students in high schools and colleges preparing their entries for various robotics competitions get first-hand
exposure to the engineering occupation. They work in teams developing subsystems, integrating them into
systems, and testing and troubleshooting along the way.

Sometimes, the troubleshooting becomes the most difficult phase of robot development. Many a late night
can be spent trying to get the robot to work the way it's supposed to work. One such group at a competition
spent five hours trying to get a Sumo wrestling robot to work right with no luck. Later, by utilizing the BASIC
Stamp’s Debug Terminal, the testing and troubleshooting took less than 5 minutes.

FY] The term BASIC Stamp will be used throughout this text to refer to the
BASIC Stamp 2.

When you're designing and building a robot, it's best to approach it as a collection of systems, subsystems and
primitives. A good example of a system that can be broken down into subsystems and primitives would be the
Boe-Bot's servos. As a system, a pair of servos modified to function as motors work together to make the
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Chapter #1: Assembling and Testing Your Boe-Bot

Boe-Bot roll. Each servo can be looked at as a subsystem. Each servo has a little printed circuit board in it
with electronic parts. This is an example of a subsystem within a subsystem. Each electronic part, if it can't
be separated into parts that are smaller still, could be considered a primitive. Each servo also has a
subsystem of gears. An individual gear can't be taken apart any further, so it’s also called a primitive. Each
servo gets electronic signals that tell it what to do from the BASIC Stamp, the brain of the Boe-Bot. The Basic
Stamp is another system.

One of the most important activities when making a robot is developing and testing each of the individual
subsystems within a given system. Then, there also has to be system level testing to make sure that all the
subsystems are working together the way they should. Last, but not least, comes system integration, which is
making sure that the systems are working together properly. Testing and troubleshooting at each phase of
development, both at the subsystem and system levels is, to some extent, a skill that one gets better at with
practice. By following the techniques introduced in this chapter and throughout this text, you'll be on the
road to this skill. With practice, you'll enjoy more five-minute troubleshooting times and less of the five-hour
variety.

Assemble, Test, Modify, Test, Assemble, Test...

Robot development is an iterative process in many ways. “lterative” development means to repeatedly test
and fine tune something until it works as planned. The key thing about iteratively developing something is that
the test results are used for the fine tuning. Then comes more testing and fine tuning based on the next
“iteration” of tests. In this chapter, the iterative process will be to develop, test, troubleshoot if necessary,
then develop some more, test some more, etc. The main goal is to get the Boe-Bot up and running so that “all
systems are go..” without having to take it back apart again for more testing and repair.

By the end of the chapter, you will also have learned to program your Boe-Bot to roll backwards and
forwards and turn in place. Along the way, you'll perform tests and calibrate the servos to fine tune the
forward and backward motion. Although the major servo calibration is done by taking it apart and following
the instructions in Activity #3, there is also some fine tuning that can be done by simply changing some of the
numbers in the example programs. This technique is called “calibration in software,” and both Activity #4 and
Activity #6 will guide you through it.

Boe-Bot Hardware

For all Activities in this text, you'll need a personal computer (PC) with the Windows 95, 98, 2000, or NT4
operating system.

Page 6 - Robotics! Version 1.4



Chapter #1: Assembling and Testing Your Boe-Bot

Recommended Tools

The top row of tools in Figure 1.1 are recommended ' '

for the Activities in Chapter #1.

(1) Phillips #0 point screwdriver with hardened

tip in good condition f
(1) Phillips #1 point screwdriver
(1) %" Combination wrench ‘ ’
(1) 3" Flush-cut pliers (preferred)

- Or -

Toenail clippers

(1) Pair of safety goggles (not shown)

The tools shown on the bottom row will come in / d
handy for the activities from Chapter #2 onward.

((11)) \S/Vma” net(tadk/e rt]o_se pliers Figure 1.1: Recommended tools.
ire cutter/stripper

Before getting started, take an inventory of the parts in your kit. Appendix A: Boe-Bot Parts Lists and Sources
will tell you how many of each part should be in your kit. For help with identifying each part, use the back
cover of this text; it has labeled pictures of all of them. Next, all hardware items used in Chapter #1 are
shown in Figure 1.2 and listed below.

O Gather the parts shown in Figure 1.2 and set them aside for use as you go through the six activities in
this chapter.

When taking an inventory of parts, just concentrate on the
Robotics! Parts Kit (#28124) listed in Appendix A. Start at the
beginning of the parts list, and stop when you reach the Boe-Bot
hardware pack entry.

It's especially important to follow along and try the tests and
exercises in each activity in this chapter to make sure your Boe-
Bot is in proper working order.

Disassembling the Boe-Bot will not be necessary unless you
discover a problem with the servos.

Even though this chapter guides testing while assembling the
Boe-Bot, all the parts you'll be connecting and testing can be
accessed on the fully assembled Boe-Bot.

Notes to students
who inherited an
assembled Boe-Bot
from a previous
class:

Robotics! Version 1.4 - Page 7



Chapter #1: Assembling and Testing Your Boe-Bot

Chapter #1 Parts List: A
A (1) Boe-Bot chassis

B (1) Battery pack

C (2) Servos

D (2) Plastic wheels D
E (1) Polyethylene ball

F(2) 9/32"Rubber Grommet

G (1) 13/32" Rubber

Grommet

H (1) BoardofEducationand | S L
BASIC Stamp 2

I (2 O-ring tires J/

J (1) Cotter pin /

K (10) 4-40 locknuts /

L (2) 4-40 flathead screws

M (8  3/8"4-40 screws P

N (8  1/4”4-40 screws

O (4  1/2" Standoffs

P (1) Serial cable

Q (4) AAalkaline batteries

R (1) ParallaxCD

Figure 1.2: Chapter #1 parts.

Activity #1: Testing PC - BASIC Stamp Communication

This activity has instructions for you to follow on connecting the BASIC Stamp, PC, and battery pack to the
Board of Education. It also has condensed instructions for installing the Stamp Editor software and running a
simple PBASIC Program. This activity also provides a simple example of system level testing and integration.
Both the BASIC Stamp and PC are systems that have been fully developed and tested. Your task is to follow
the instructions on connecting the two systems and making them communicate.

Page 8 - Robotics! Version 1.4



Chapter #1: Assembling and Testing Your Boe-Bot

Commands in the PBASIC programming language are entered into the Stamp Editor. When your PBASIC
program is ready, you'll also use the Stamp Editor to tokenize the program and download it to the BASIC
Stamp. This might sound complicated, but all it takes is two mouse-clicks. For the two mouse-clicks to work,
the Stamp Editor has to be able to use the PC to communicate with the BASIC Stamp so it can download the
tokenized program. Depending on the PBASIC program, your Boe-Bot can be instructed to perform a variety
of tasks. To get an idea of the tasks the Boe-Bot can be programmed to perform, just take a look at the
activities listed in the Table of Contents.

The Stamp Editor also has a feature called the Debug Terminal. You can use the Debug Terminal to display
messages received from the BASIC Stamp and also to send messages to the BASIC Stamp. The Debug Terminal
will be one of your best and most used assistants for testing and troubleshooting. Programming the BASIC
Stamp to communicate with the Debug Terminal is very easy to do using the PBASIC programming language.
For getting started, all it takes is one line of PBASIC code.

Introducing the Board of Education (BOE)

The abbreviation for Board of Education is BOE. This abbreviation is the “Boe” in Boe-Bot. Figure 1.3 shows
(a) the BOE Rev A, and (b) the BOE Rev B. This chapter covers the steps for getting the Boe-Bot up and running
with a Rev B BOE. If you have a Rev A, it's almost exactly the same process with one exception. The Rev A
does not have built-in servo ports. Appendix D will show you how to build servo ports as an extra step just
before getting started with the servos.

T Rocklin, CA - US 1514 1312
@ 9V Transistor +,}* 9 Vdc P = — @
+ Battery (T Battery 6’3 Z Z oo
Vin vss V¢ J1 + — + vbC 5 o oo ;F;ik
$ : O WLI._AX ﬁ ™ x4 X5  RevB
c1 Pwr C2 + + vdd Vin Vss
el SampteenGparalasine com x [00000 00000 vss
P15} 00000 0oooa PO oooo ooooo
c3 c4 soulg Pl O00O0O0 ooooo Sty P2 ooo ooooo
i PAIO0000 | | 0O0O0O = . "CLacS S Pa ooo[ jgooog
ol © rr2limo000 | | 0oooO P6 0oo|  |ooooo
B O ril\ 00000 | | 00000 P8 000l |0oooo
E redioonon | | 000 o8o |agene
& P8 EEEEE EEEEE o [ 0oo| |oooog
P4 P7 e Rst /g ooo oooog
s P6 [} |} ooo ooooo
P P5 00o0d 0oo0d 1 ooo ooooo
- »s HlB5000 | | BEE00 059 |255as
P3
PRAUAX A™  » Qionooo | | 00000 boo| |[6oBao
v v P 100000 00000 ooooo| jooooo
v i ro loooo0 OCoooo ooooo—ooooo
Reset Xl s p1_ps pu pi1s N 00ood 0oood ooooo oooog
B e Board of Education (Board of Education’
@ \s/ \é www.stampsinclass.com Need Tech Support? www.stampsinclass.com
: d (916) 624-8333 emall: stamptech@parallaxinc.com (916) 624-8333
Figure 1.3: (a) BOE Rev A (b) BOE Rev B.

o Stop now and check to see which BOE you have, Rev A or Rev B. Use the pictures in Figure 1.3 or check
for a “Rev A” or “Rev B” label near the top-right corner of your BOE.
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Parts

Figure 1.4 shows the parts used in Activity #1.

(4) 4/40 %" machine screws (1) Empty (4) AA alkaline batteries
(4) Standoffs battery pack (1) Serial Cable

(1) Basic Stamp 2 (1) Parallax CD

(1) Board of Education

Build It!
Figure 1.5 shows the battery pack before and & B e SIZEAR " ALKAUINE ~
after the batteries are loaded. : S ARRCARB -

UNWY IXMsain
T e —

Always use AA alkaline 1.5V
batteries. Do notuse 1.2V
nickel-cadmium (Ni-Cad)

batteries.

O Load the batteries into the battery pack so
that the polarity symbols on each battery Figure 1.5: Battery pack without/with batteries.
match those printed on the inside of the
battery pack.
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Figure 1.6 shows the BASIC Stamp 2 mounted in
its socket on the BOE. The BASIC Stamp has a
half-circle printed in the center of its top edge.
This is meant to serve as the reference notch
common on many integrated circuits. When
placing the BASIC Stamp in its socket on the BOE,
make sure this half-circle is closest to the Sout
and Vin labels. As a second check, make sure the
largest black chip with the label PIC16C57 is at
the bottom, between the P7 and P8 labels.

a If your BASIC Stamp and BOE were packaged
separately, plug the BASIC Stamp into its
socket on the BOE as shown in Figure 1.6.
Make sure the pins on the BASIC Stamp line
up with the holes in the socket, then press
down firmly on the BASIC Stamp with your
thumb. The BASIC Stamp’s pins should sink
into socket holes by about a quarter-inch.

Figure 1.7 shows (a), the serial cable
connected to a com. port on the back of a
computer, and (b), the serial cable and
battery pack connected to the BOE, which is
sitting like a tabletop on the standoffs
attached to its corners. These standoffs
prevent the solder joints on the underside of
the BOE from coming into contact with your
work surface. In the event that your work
surface is conductive, this prevents the
possibility of unexpected current draws and
short circuits.

a Use the quarter-inch #4-40 screws to

Figure 1.6: BASIC Stamp 2 inserted into its socket on the BOE.

||

@) (b)

attach the standoffs to the underside of Figure 1.7: (a), Serial cable connected to com. port, and (b), BOE

the BOE at each corner hole.

connected to serial cable and battery pack.

a Plug the female end of the serial cable into one of your computer’s unused serial ports.

a Plug the male end of the serial cable into the DB9 socket on the BOE.
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a Plug the battery pack’s barrel plug into the barrel jack on the BOE.
Software and First Program
This section covers the steps for:

Installing the Stamp Editor.
Using the Stamp Editor to establish PC — BASIC Stamp communication.
Running a sample PBASIC program that uses the debug command.

Note: These instructions are for installing the Stamp Editor from the Parallax CD. A free
copy of the Parallax CD can be requested from stampsinclass@parallaxinc.com. You can
also get the latest version of the Stamp Editor from the Downloads page of
www.parallaxinc.com.

a If you have not already done so, load the Parallax CD into your computer’s CDROM drive.

The Parallax CD has a browsing program called the Welcome application that runs automatically after the CD
is placed in your computer’s COROM drive. Figure 1.8 (a) shows the browser as it comes up the first time the
CD is placed in the computer’s drive. Figure 1.8 (b) shows the browser as it normally appears when you run
the Welcome application.

# Welcome to the Parallax, Inc. Product CD-ROM - April 2000

#'Welcome to the Parallax, Inc. Product CD-ROM - April 2000

RO,

iliayco Fdidiidi, 1L,

Description

This is the "Welcome" message for

the entire CD. It explains how to use
the CD and where to find the
software. source code and
information you need if you

purchased one of the kits/products

shown here|

About Parallas CD, Kits & Products
[ Appkit Cometek CH1 736 Modem (27347)
[ AppKitCME380 DTHF (27515)
[ AppKitDS1302 Real Tims Clock (27321)
[l Appkit DS 1520 Digital Them (27913]
[ AppKitLTC1298 124t AtaD (27916
[l ApPKitMax7219 B-dig LED Driver [27914)
[l AppKitSHT516 RS-485 Comm, (27934)
[ AppKit=25540 8K EEPROM (27918)
[ BASIC Stamp 1 Starter Kit (27205)
| BASIC Stamp 2 Starter Kit (27203)
| 5| BASIC Stamp 25% Starter Kit (27208)
[l BASIC Stamp Activit Brd (27305 & 27906)

wUUILE lLUUC

[ BOE Full kit (28102 & 28103]
Yiew | Install | Back |
I Please select an item to explore. ] a
Figure 1.8: Welcome application (a) Kits page, and (b) Parallax page.
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If the Welcome application did not run automatically, here’s how to run it manually: Click the Start
button on your Windows taskbar and select Run. When the Run window appears, enter the CDROM drive
letter, followed by a colon, a backslash, and the name “Welcome.exe.” For example, if the drive letter for
your computer’s CDROM drive is D, type in “D:\Welcome.exe.” Click the OK button, and the Welcome
application will run.

If this is your first time running the Welcome application, a text document about the Parallax CD will
automatically display. When you're finished reading the text document, minimize it or drag it out of the
way so that you can see the Kits page.

If this is not your first time running the Welcome application, the Parallax page will display instead of the
Kits page. Click the Kits link to get to the Kits page.

When you get to the Kits page, click the diskette icon labeled “Boe-Bot Full Kit (28132).”

Click the Install button, and select Yes when the Confirm window asks you if you want to “Install selected
files to C:\Parallax\BOE\?”

After installing the software, run it by following these steps:

a

a

Click the Start button on your Windows taskbar and select Run.

Enter “C:\Parallax\Stamp\Stampw_v1_091.exe,” and

lick OK # Edit Port List
click OK.

The BASIC Stamp Editor canuse these — [EOMT.:  Com# l—
If this is your first time running the software, the Edit 5 2jti ieganmes. feunasiesty |con2 |
Port List shown in Figure 1.9 will appear. If you know  tecemmendedta euclue [deleie) a madem

: o N port from the lizt or add additional ports not o

the number of the com. port you're using and it cunenty shown =
doesn’'t appear in the list, enter the number in the (e e

Com. # field, then click Add. If you know that a certain

com. port listed in the Known Ports list is connected
to a modem, click its entry in the list, then select
Delete. Otherwise, just click OK.

Figure 1.9: Edit Port List window.

v" Youcan always modify this list later by going to the Preferences window. Just Click
TIP  Edit, then select Preferences. Com port settings are under the Editor Operation tab.

Figure 1.10 (a) shows the Stamp Editor window that will appear next.
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a Click the Run menu, and select Identify as shown in Figure 1.10 (b).

#37 BASIC Stamp - Untitled1 =] E3 | #37 BASIC Stamp - Untitled1

File Edit Bun Help _l_:llegdll_l Bun Help

DS e S & eEHn & D¢ Bn  okA (g 65|
o Check Syntax  Chl+T S

BEm i& | ﬁ @ @ & | @ B[ temary bap.. Clrl+bd

Uritled | Untitled1 |
|

[omo | | | i || dentify firmware revision of the BASIC Stamp o
Figure 1.10: (a) Stamp Editor, (b) Stamp Editor with Run | Identify selected.

Responses to Run | Identify
When everything is connected and working properly, a window appears with the message that reads:
“Information: Found BS2-IC (firmware v1.0.).”

This message means the BASIC Stamp and PC are communicating. Continue to the next section, entitled “First
Program.”

Some of the other messages that might appear are:

“Error: Basic Stamp Il detected but not Responding..Check power supply.”
“Error: BASIC Stamp Il not responding..Check serial cable connection. Check power supply.”

Follow the suggestion in the error message first. If it doesn't fix the problem, or if the error message you get
doesn’t offer any suggestions, go to Appendix B: PC to Stamp Communication Troubleshooting.
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First Program

Your first program will demonstrate the BASIC Stamp’s ability to communicate with the outside world using
the Debug Terminal. This handy terminal can be used for two-way communication between your PC and the
BASIC Stamp. For now, we'll focus on programming the BASIC Stamp to send messages to the PC. In later
chapters, the BASIC Stamp will also be programmed to listen for messages sent from the PC.

Robotics! v1.4, ProgramListing 1.1: Hello world!

debug "hell o worl d"

a Type Program Listing 1.1 into the Stamp Editor as shown in Figure 1.11 (a).

a Click Run and select Run. Debug Terminal #1 should appear in a second window, as shown in Figure 1.11

(b).

#7 BASIC Stamp - Untitled # Debug Terminal #1

Fil= Edit Bun Help Com Port: Baud Rate: Parity:

DE W & & @M E Jcomz =l s (2l Mere [E
Data Bits: Flows Contral:

@T< [ DIR [ RTS
mPEPFR A&H8 & Iz = |0 =l @rx @Dk @crs
Uniitled | = |
' Program Listing 1.1: Hello world! ll _,I;I
debug "hello world"” hello world ﬂ

-
KI| 0
| 320 | Modified | |T0kenize Sucoessful 2 Capiturz.. | eI KE‘l'JS"'I ek | Ut |
Figure 1.11: (a) Stamp Editor (b) Debug Terminal.

Earlier, it was mentioned that it takes two mouse-clicks to tokenize and download a PBASIC Program. This
was referring to clicking Run and selecting Run. The Stamp Editor displayed two messages before the Debug
Window was opened. The first appeared in the status bar on the bottom-right corner of the Stamp Editor,
and it displayed the message “Tokenize Successful.” When a PBASIC program is tokenized, it means it is
converted into the hexadecimal numeric instructions (tokens) that the Interpreter chip on the BASIC Stamp
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executes. Next, a window displayed the Download Progress. During the download, the Stamp Editor sends
the hexadecimal tokens to the BASIC Stamp as hinary signals via the serial cable. Then the Debug Terminal
appeared, and the message the BASIC Stamp was programmed to send, “hello world,” was displayed.

How “Hello world!” Works

O Before reading this section, turn to Appendix C: PBASIC Quick Reference or consult the BASIC Stamp
Manual, and read up on the debug command introduced in this program.

The first line in the program begins with an apostrophe. This means it’s not a command. Instead, it's called a
comment. It's okay to leave the comments out when entering PBASIC programs into the Stamp Editor.

The second line begins with a command called debug. When a program containing a debug command is run,
the Stamp Editor opens a Debug Terminal. When the BASIC Stamp executes the debug command, it sends the
“hello world” message to the computer across the serial cable. The “hello world” message is a text string,
which is one of several types of output data the BASIC Stamp can be programmed to send using the debug
command. Output data can take a variety of other forms. Some examples include variables, constants,
expressions, formatting modifiers, and control characters. The next section will show you how to use the
debug command to send messages that include a variety of these output data types.

Your Turn

Assingle debug command can be used to send more than one message. Each message has to be separated
from the one before it by a comma. Control characters, suchas cr can be sent to display a carriage return.
One or more constants can also be displayed along with formatting. An example of a constant would be the
number 16. Formatters such as dec, can be used to display decimal values. The formatters dec1, dec?2
and up to dec5 can be used to display decimal values with a fixed number of digits. Other examples of
formatters include bi n and hex, and they come in handy for displaying data in binary or hexadecimal
formats.

There are many more formatters listed in the BASIC Stamp Manual, just look up the debug command. In
addition to constants, expressions can be used to solve certain math problems before the debug command
displays them. For example, the formatter and expression dec 7+9 results in the same Debug Terminal
display as the formatter and constant dec 16. Program Listing 1.2 and the exercises below demonstrate
some of these features.
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Robotics! v1.4, ProgramListing 1.2: Mre debug conmands.

debug cr, cr, "hello world", cr, cr ' 2 line feeds, hello world, & 2 line feeds
debug dec 16 ' Display the decimal val ue of 16.

To get a better feel for debug messages in their various forms, try the modifications to Program Listing 1.2
listed below. To save your work, click File and select Save, or Save As, depending on whether you want to
name or rename the program. After making each change in your program, remember to re-run the program
by clicking Run and selecting Run.

O Try substituting the dec3 formatter in place of dec. Also try dec2, bin, and hex. Don't forget to
run the program again after each change to see the result.

o Try replacing the number 16 with the expression: 11 + 5
O Also try the expression: 2* 8
O After the first two lines, add a third line of code: debug home, “Hello world again!”

Activity #2: Testing the Servos

As discussed earlier, the modified servos will work together to make the Boe-Bot's motor system. In this
activity, each servo will be isolated and tested as a subsystem. Depending on whether the servos are new or
inherited from a previous class, two or more of the questions below need to be answered:

Are the servos modified or unmodified?

When the BASIC Stamp sends control signals to the servo, does it behave as expected?
If the servos are modified, were they properly calibrated?

Are the servos in good working order?

The simple tests you'll perform in this activity will answer these questions, and they'll also indicate what to do
next. For example, if the servos are new, they will still operate as servos, instead of operating as motors.
Each servo will need to be disassembled, modified and calibrated in Activity #3.

If You Are Testing a Pre-Built Boe-Bot

To test the already modified servos on a Boe-Bot constructed by students in a previous class, prop it up so

that the wheels don't touch the ground. You can observe the servo’s output by watching each Boe-Bot wheel
for motion. The servos might be well enough calibrated that you can skip Activity #3: Servo Modification and
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Calibration. If the servos are just slightly out of calibration, certain numbers in the Activity #4 and #6 example
programs can be changed to calibrate the servos. This is called “calibration in software” and was mentioned
earlier. On the other hand, the tests in this activity might indicate that one or both of the servos are in need
of disassembly and recalibration. If this is the case, you'll need to remove the offending servo(s) from the
Boe-Bot and follow along with Activity #3.

How Servos Work

Hobby servos are special motors with built-in position feedback. Their range of motion is typically 90° or

180°, and they are great for applications where inexpensive, accurate high-torque positioning motion is
required. They are very popular for controlling the steering systems in radio-controlled cars, boats, and
planes. Servos are designed to control the position of something such as a steering flap on a radio-controlled
airplane. In Activity #3, we will modify the Boe-Bot's servos so that they control the speed and direction of
the Boe-Bot's wheels.

Figure 1.12 shows the circuit that is established when a
servo is plugged into the servo port labeled 12 on the
BOE Rev B’s top right corner. The red and black wires Vvdd
connect to the servo’s power source, and the white (or p12 p-White |
sometimes yellow) wire is connected to a signal source. Red
When a servo is plugged into servo Port 12, the servo’s
signal source is BASIC Stamp 1/0 pin P12.

O Servo
Black

The BASIC Stamp can be programmed to send signals via v
P12 that instruct the servo to rotate its output shaft.

With unmodified servos, a given control signal causes the
servo’s output shaft to rotate to a particular place in its

180° range of motion. A modified servo’s output shaft, Figure 1.12: Servo connection schematic.
on the other hand, will turn continuously when given the

same signal.

]
0

An unmodified servo has a center position. The center position is the halfway point between both ends of its
range of motion. The same signal that sends an unmodified servo’s output shaft to its center position causes
a modified and calibrated servo’s output shaft to stay still. Direction control is possible with modified servos
because a signal that makes an unmodified servo rotate and stay in a position counterclockwise of center
makes a modified servo’s output shaft turn counterclockwise continuously. The same principal works for
clockwise. Speed control is also possible with a modified servo because a signal sent to an unmodified servo
instructing it to turn further from center instructs a modified servo to turn faster.
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Extra Parts

All parts used in Activity #1 are reused here. In addition, get po- po-
the parts listed below and shown in Figure 1.13.

(2) Servos
Modify it!

Many of you who have been through the What's a

Microcontroller? text or any of the other Stamps in Class

texts will have already connected the servo on your BOE Figure 1.13: Parallax servos.
based on the schematic shown in Figure 1.12. Even so, check

your wiring against the pictures below.

v The BOE Rev A does not have built-in servo ports.

TIP If you have a BOE Rev A, go to Appendix D: Building Servo Ports on the Rev A
Board of Education.

O Start with the same setup from Activity #1. The BOE should be connected to the computer via a serial
cable and to power via the battery pack.

Follow these instructions when connecting a servo to the BOE:
o Disconnect the battery pack from the BOE by unplugging it from the barrel jack.

Figure 1.14 (a) shows a close-up of the servo ports on the Rev B BOE. The numbers along the top indicate the
servo port number. If you connect a servo to Port 12, it means the servo’s control line is connected to 1/0 line
P12. I/0 line P12 is a metal trace on the BOE that connects the top servo port pin to the BASIC Stamp’s 1/0
pin P12. The labels to the right of the servo port are for making sure your servo gets plugged in properly.
Figure 1.14 (b) shows a servo plugged into the servo port so that the black wire lines up with the black label,
and the red wire lines up with the red label. Although it's labeled “white” in Figure 1.14 (b), the topmost wire
could either be white or yellow.

Make sure the “Black” and “Red” labels to the right of the servo port line up with
the servo connector’s black and red wires before plugging in a servo.
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a Plug in the servo using Figure 1.14 as a guide.

White
Red

Black

15 14 13 12

Bl (g
08 0o Black

X4 X5 Rev B
vdd Vin Vss

X

Figure 1.14: Servo ports on the BOE Rev B (a) before, and (b) after plugging in a servo.

When the battery pack is plugged back in, the green light on
the BOE can tell you if there’s a problem with your circuit.

Warning Signs:
If the green light doesn’t come back on, looks
dimmer than usual, or flickers, disconnect the
& battery pack immediately and check your wiring.
Any of these warning signs could indicate a wiring

problem that could be dangerous to your servo
and/or your BASIC Stamp.

O Plug the battery pack back into the BOE while watching
the green light on the BOE for problems. Unplug the
battery pack immediately if you see any of the warning
signs above.
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Your setup should now look like the one shown in Figure 1.15.

Milliseconds and

Throughout this text, amounts of time will be referred to in .
Microseconds

units of seconds (s), milliseconds (ms), and microseconds ().
Seconds are abbreviated with the lower-case letter s. So,
one second is written as 1 s. Milliseconds are abbreviatedas | 1 mg = 1 s=1 103s
ms, and it means one one-thousandth of a second. One
microsecond is one one-millionth of a second. The 1 1

o : . s =
Milliseconds and Microseconds box to the right shows these 1,000,000

s=1"10°s

equalities in terms of both fractions and scientific notation.

A voltage level is measured in volts, which is abbreviated with
an upper case V. The BOE has sockets labeled Vss, Vdd, and Voltages and BOE Labels
Vin. Vss is called the system ground or reference voltage.
When the battery pack is plugged in, Vss is connected to its Vss =0 V (ground)
negative terminal. As far as the BOE, BASIC Stamp and serial vdd =5V lated
connections to the computer are concerned, Vss is always 0 V. T (regulated)
Vin is unregulated 6 V, and it's connected to the positive Vin =6V (unregulated)
terminal of the battery pack. Vdd is regulated to 5 V by the
BOE's onboard voltage regulator, and it will be used with Vss

to supply power to circuits built on the breadboard.

Only use the Vdd sockets above the BOE’s breadboard for the Activities in this
text. Do not use the Vdd on the 20-pin app-mod header.

Programming the Servos to Stay Still and “Centered”

The control signal the BASIC Stamp sends to the serva’s control line is called a “pulse train,” and it's shown in
Figure 1.16. The BASIC Stamp can be programmed to produce this waveform at any of its I/O pins. In this
activity, we'll use 1/0 pin P12, which is already connected to servo Port 12 by a metal trace built into the Board
of Education. First, the BASIC Stamp sets the voltage at P12 to 0 V (low) for 20 ms. Then, it sets the voltage at
P12 to 5V (high) for 1.5 ms. Then, it starts over with a low output for another 20 ms, and a high output for
another 1.5 ms, and so on.

This pulse train has a 1.5 ms high time and a 20 ms low time. The high time is often referred to in terms of its
pulse width. The pulses are also referred to as positive pulses. Negative pulses would involve a resting state
that’s high with pulses that drop low. Pulse trains have some other technical descriptions such as duty and
duty cycle. These are described in BASIC Analog and Digital, Experiment #6.
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—>»| |€— 1l5ms —>»| |[€«—— 15ms

vdd (5 V) — —

Vss (0 V)

< 20 ms —>

Figure 1.16: Pulse train.

A servo has an analog output, which means it can turn to anywhere within a continuous range of values. The
servos in the Boe-Bot kit work as follows. If an unmodified servo receives 1 ms pulses, its output shaft will
rotate clockwise as far as it can go within its 180° range of motion. If the servo receives 2 ms pulses, it will
rotate all the way to the counterclockwise end of its range of motion. Pulses of 1.5 ms will cause an
unmodified servo to rotate and stay in the middle of its 180° range of motion. This is called the servo’s center
position. Pulse widths of 1.3 ms will cause an unmodified servo’s output shaft to rotate slightly clockwise of

center, and pulse widths of 1.7 ms will cause the servo’s output shaft to rotate slightly counterclockwise of
center.

FY| Pulse width is what controls the servo’'s motion. The low time can range between
10 and 40 ms without adversely affecting the servo’s performance.

After a servo is modified, it can be pulsed to make its output shaft turn continuously. The pulse widths for
modified servos typically range between 1.3 and 1.7 ms for full speed clockwise and counterclockwise
respectively. The center pulse width still is 1.5 ms, and a properly modified and calibrated servo should stay
still when it receives 1.5 ms pulses. If it turns very slowly in response to 1.5 ms pulses, it means the
calibration problem can be fixed in software. If it turns rapidly with 1.5 ms pulses, the servo will need to be
disassembled and recalibrated.

Let’s start by programming the BASIC Stamp to send the “center” pulse train shown in Figure 1.16. This
should make an unmodified servo turn to its center position and stay there. For a modified servo, it should
make the servo stay still, or rotate very slowly.

0 Keep notes on the servo’s behavior for later servo diagnosis.

O Enter Program Listing 1.3 into the Stamp Editor.
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Robotics! v1.4, ProgramListing 1.3: Servo centering program again.

| ow 12 ' Set P12 to output-Ilow

| oop: ' Label for “goto loop to return to”.
pul sout 12, 750 ' Send 1.5 ns pul ses to P12
pause 20 ' every 20 ns.

goto | oop ' Send programto “loop:” |abel.

O Save the program using a descriptive name, preferably something with the “1_3" in it to indicate that it's
Program Listing 1.3.

O Run the program.
O Observe and record your servo's behavior.
How the Program Works

0 Look up each of the following new commands in Appendix C: PBASIC Quick Reference or in the BASIC
Stamp Manual before continuing: | ow, pul sout, pause, goto.

As before, the first line of the program starts with an apostrophe, so it’s just a comment instead of a PBASIC
command. There is also a comment to the right of each PBASIC command. These comments also begin with
apostrophes, and they have brief explanations of what each command does. When entering the commands
into the Stamp Editor, you don't need to include comments. Comments and other ways of documenting your
programs become important later on if you start writing code that's more complex or that somebody else
needs to work with. For the time being, just enter the commands into the Stamp Editor.

The command 1 ow 12 does two things. It sets BASIC Stamp I/O pin P12 to output, then it sets its output
value low. As an output, P12 can send voltage signals, as opposed to being set to i nput, which means P12
would listen for signals instead. Setting the output value low means that the voltage P12 sends is the same as
Vss, 0 volts. If the command hi gh 12 were used instead, P12 would send a high signal, which would be Vdd,
5 volts.
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When a word that's not a PBASIC command is followed by a colon, it’s a label. As you get more and more
familiar with PBASIC, you'll start to recognize which words are commands and which words are labels
automatically. The I oop: label works together with the command got o | oop at the end of the program.
The 1 oop: label is a place holder, and whenever the program gets to the command goto | oop, it
automatically starts executing commands again at the command that comes after the | oop: label. The result
is that the pul sout and pause commands get executed over and over again, sending the center signal to the
servo.

The 1 oop:...goto | oop program structure is called an infinite loop. An infinite loop means that part of
the code in the program is executed over and over again with no code that allows it to stop repeating the
same set of instructions. Often with normal computer programs, this is a problem. However, infinite loops
are commonly used in microcontroller programming. In fact, most microcontroller programs, including the
ones in this text, are written within the framework of an infinite loop. With the BASIC Stamp, you can always
end an infinite loop by disconnecting the power or running a different program.

The command pul sout 12, 750 sends a 1.5 ms pulse. The command has two arguments, the 1/O pin
number and the duration. The I/O pin number makes sense; the number 12 refers to I/0 pin P12. What about
the duration argument of 750? How does that correspond to a 1.5 ms pulse? The answer is that the

duration argument for the pul sout command has to be specified in 2 s increments. So, if you want the

pulse to last for 1.5 ms, you have to use a number that gives you 1.5 ms when it's multiplied by 2 ns
increments. Here is proof thata pul sout duration of 750 fits the bill.

750" 2is =750" (2" 10°°)s
=1500" 10°s
=1.5"107s
=1.5ms

The command pause 20 is much more obvious. That's because the duration argument for the pause
command is specified in ms increments. So, if you want a 20 ms pause, pause 20 does the job.

Your Turn

Two more tests need to be run to decide what to do with your servos. Record your observations for each
test.

O RunProgram Listing 1.4 as shown. Make notes on the servo’s behavior.
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O Replace the duration argument of the pul sout command with the number 850, and re-run the
program. Make notes on the servo’s behavior again.

O After using Program Listing 1.3 and 1.4 to test one servo, repeat the same tests on the other servo.

Robotics! v1.4, ProgramListing 1.4: Servo centering program again

| ow 12 ' Set P12 to output-Iow.

| oop: " Label for "goto loop to return to"
pul sout 12, 650 ' Send 1.3 ns pul ses to P12
pause 20 ' every 20 ns.

goto | oop ' Send programto "loop: " I|abel

Servo Diagnosis

Depending on each servo and its history, it may have exhibited one of several different behaviors. Below is a
list of the most common behaviors. Each behavior is followed by an explanation along with directions on
where to go from there. If the servos behave differently from each other, make sure to find a servo behavior
from the list below that best describes each individual servo.

Servo Behavior:
In response to 1.5 ms pulses (pulsout 12, 750), the servo’s output shaft turns to a position (the center
position) and stays still. It also resists if you try to twist it away from that position. In response to 1.7 ms
pulses (pulsout 12, 850), the servo’s output shaft rotates slightly counterclockwise from its center position
and stays there. In response to 1.3 ms pulses (pulsout 12, 650), the servo turns slightly clockwise from its
center position, and stays there.

Explanation:
This is normal operation for an unmodified servo. Modify and calibrate this servo by following the
instructions in Activity #3.

Servo Behavior:
In response to 1.5 ms pulses, the servo either stays still or turns and keeps turning very slowly. Very slowly
in this case means less than two full turns per minute. In response to 1.7 ms pulses, the servo turns
counterclockwise and keeps turning rapidly, in the neighborhood of 50 revolutions per minute (RPM). In
response to 1.3 ms pulses, the servo turns and keeps turning at about the same speed in the clockwise
direction.

Explanation:
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The servo was modified and calibrated already. The existing calibration settings will work fine for all the
activities in this text. Skip to Activity #4.

Servo Behavior:
The servo turns and keeps turning more than 2 RPM even when the command pulsout 12, 750 is used.
Explanation:
The servo may have been modified but not properly calibrated, or it may have lost its calibration settings.
A servo could loose its calibration settings by being exposed to persistent vibration, severe jolts, and some
other conditions you wouldn’t expect to normally see. Following the steps in Activity #3 should fix the
problem.

Servo Behavior:
When the servo turns, it makes a clicking or grinding noise.

Explanation:
A clicking noise once or twice per full turn indicates that the servo was modified but that a part of the
gear was not removed properly. To fix this, go through Activity #3, and make sure the servo stop tab was
removed completely. If the servo turns and keeps turning but makes a grinding noise, there may be a
problem with the servo. When doing Activity #3, make sure the gears in the servo are clean and that
there’s nothing preventing the gears from turning before reassembling it. If that doesn't fix the problem,
the servo may need to be replaced.

Servo Behavior:
The servo never did anything.

Explanation:
There are a number of possible explanations for this. If one servo never did anything, try the other one
and see if it works. If one servo works, but not the other, the problem has been isolated to the servo.
Check the electrical connections starting with the three-socket servo plug and on into the servo.

If neither servo worked, it indicates a problem with either the program or the electrical connections
between the BASIC Stamp I/O pin and the servo. Rev B users should check to make sure their servo is
properly plugged into the servo port. Rev A users should check their servo port wiring as well.

To test the code in the program listings, add the command debug “starting”, cr at the beginning of
the program. Add the command debug “Ioopi ng”, cr within the | oop:...goto | oop routine.
These commands will help you see what the program is doing. When you run the modified program, pay
close attention. Does the Debug Terminal display one line that reads “starting” followed by a series of
rapidly printing lines that read “looping™ If so, your program is running as expected. There still could be
an error in one of the commands. Make sure that each pin argument is set to 12. If none of that works,
try using servo Port 13. You'll need to change all the pin arguments in the program listings from 12 to 13.
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If the “starting” message displays over and over again, it means that the BASIC Stamp is resetting due to a
condition called brownout. On either revision of the BOE, it could result from low batteries or 1.2 V
rechargeable batteries. Make sure you are using new 1.5 V alkaline batteries and try again. On a Rev A
BOE, this can be caused by omitting or improperly connecting the 3300 n¥ storage capacitor. Double
check to make sure your servo port wiring and storage capacitor are connected as described in Appendix
D: Building Servo Ports on the Rev A Board of Education. BOE Rev A users should also check their voltage
regulator. Consult Appendix E: Board of Education Rev A Voltage Regulator Upgrade Kit.

The “starting” message might display along with one “looping” message, and then the Debug Terminal
display will stop printing messages. There also might be a continued alternation between “starting” and
“looping” messages. Either way, it indicates a problem with either the | oop: label or the goto | oop

command. Check your typing.

Activity #3: Modifying the Servos

If you are starting with an unmodified servo, this activity will guide you through disassembling, modifying,
calibrating and testing each servo. If you are starting with a servo that was previously modified but is severely
out of calibration, you'll do all the same steps except the modifying part. It's especially important to do the
second round of testing after the servos have been calibrated. This is an example of iterative development

and testing.

More about How Servos Work

Potentiometer

An adjustable resistor with a
small knob, called an input
shaft, which can be turned to
adjust its resistance value. You
can learn more  about
potentiometers in What's a
Microcontroller?, Experiment 4
and Basic Analog and Digital,
Experiments 1 and 3.

Ever wonder how an unmodified servo knows where it is? Seriously, how does
an unmodified servo know to turn to the same place each time it receives a
certain pulse width? The servo operates on a principal called feedback. A
Servo uses a potentiometer connected to its output shaft as a sensor to tell it
where it has turned.

The circuitry in an unmodified servo compares the potentiometer’s value
against the width of pulses it receives on its control line. The servo then
adjusts its motor to correct any difference it measures between the pulse
widths and the potentiometer’s value. It does this with each pulse, so you can
actually try to push an unmodified servo’s control horn away from where it
turned to. The servo’s circuitry will sense an increasing difference between the
potentiometer’s value and the pulses, and it will try to turn the motor to get
back to the position it's supposed to be. This happens so quickly that all you
feel is the servo’s output shaft resisting the pressure you place on it.
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The information the unmodified servo’s circuitry receives about its own output value from the potentiometer
is called feedback. The comparison between the pulse widths and the potentiometer’s value, and resulting
corrections, comprise a process called closed-loop control. To get the servos to turn as motors, the feedback
has to be removed. When the link between the output shaft and the potentiometer in the servo is removed, it
will run open loop instead of closed loop.

Once the servos are running open loop, they still won't be able to turn full circle until an internal stopper on
one of the gears is removed. The nylon gears in the servos are pretty soft, and the stopper can be cut away.
It's easiest using flush-cut pliers, but a standard toenail clipper also will do the job.

Before putting the servo back together, the potentiometer inside the servo has to be adjusted so that the
servo stays still when it’s getting the signal to go to its center position. Those were the 1.5 ms pulses we sent
to the servo in the previous exercise. This time, when the 1.5 ms pulse train gets sent to the servo, the servo
motor will start turning. Then you can manually adjust the potentiometer to make the servo stop. This
process is called centering.

After the feedback link and gear stopper are removed and the servo is centered, it will be reassembled and
tested.

Modify It!

The servo has to be taken apart for modification and/or calibration. Figure 1.17 shows (a) the front and (b)
the back of a servo. The view from the front shows the servo control horn and the screw that holds it to the
servo’s output shaft. Both parts need to be removed. The back view shows the four screws that hold the gear
cover onto the servo’s casing.

s 4
©
&

(b) from the back.

Figure 1.17: Servo viewed (a) from the front, and
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Servo Disassembly

a

a

a

a

Disconnect the battery pack from the BOE.
Disconnect the servo from the BOE.

Using a Phillips screwdriver, remove the screw on the front of the servo that holds the servo control
horn to the servo’s output shaft.

If you're working with a Boe-Bot built by a class before you, remove the screw from the center of the
wheel, and remove the wheel. Then, unscrew the four screws/nuts that attach the servo to the chassis.

The servo control horn will not be included when the servos are reassembled. Save the screws that held
the control horns to the output shafts. They will be reused later to attach the Boe-Bot wheels.

Remove the four screws from the back of the servo using a #0 point Phillips screwdriver.
Turn the servo back over so that its front view and output shaft are visible.

Remove the gear cover by pulling it upward and off the output shaft exposing the servo’s gear system.

The exposed gears will appear as shown in Figure 1.18 (a). Figure 1.18 (b) shows and names the parts with
which you'll be working.
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Potentiometer
input shaft 4 gear Second gear

Potentiometer
drive plate

Third gear Final gear
Figure 1.18: (a), Servo with control horn and gear cover removed, and (b), servo disassembled with parts labeled.

o Pull upwards on the final gear and the 3™ gear to remove them. Set them aside as shown in Figure 1.18

(b).

Servo Modification

O Find and remove the potentiometer drive plate shown in Figure 1.18 (b). It will either be on the brass
potentiometer adjusting shaft or on the underside of the final gear. This part is the feedback link that
must be removed for the servo to run open loop.

Figure 1.19 (a) shows the final gear and indicates the stop tab on the final gear that must be cut off. Figure
1.19 (b) shows flush-cut pliers being used to cut away the stop tab.

& Safety: Wear shop glasses or goggles when clipping away the stop tab.
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Before

(@) (b)
Figure 1.19: (a), Final gear diagram with stop tab, and (b), clipping the stop tab from the final gear.

a Use flush-cut pliers (or toenail clippers) to clip off the stop tab from the final gear.
o Make sure to clip any remaining pieces of the stop tab off the final gear. If the tip of your flush-cut pliers
can’t reach to clean up the last of the stop tab, try toenail clippers. Many toenail clippers also have a

small nail file you can also use to clean up any leftover edges. Make sure to clean all filings off the gear
before servo reassembly.
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Servo Calibration

Before putting your servo back together, it has to be
centered. In other words, the potentiometer has to
be adjusted so that the servo stays still when it gets
the center pulse width.

0 Reconnect the disassembled servo to the BOE as
shown in Figure 1.20.

O Reconnect the battery pack to the BOE.

O Re-open Program Listing 1.3 by clicking the
Stamp Editor’s File menu and selecting Open, or
re-type it into the Stamp Editor.

Figure 1.20: Servo prepared for centering.

Make sure program Listing 1.3 is entered exactly as shown below before

Important: Running it. Especially, make sure the pulse duration argument is 750.

O After making sure that Program Listing 1.3 is correct, run it.

Robotics! v1.4, Program Listing 1.3: Servo centering program again.

| ow 12 ' Set P12 to output-I|ow

| oop: ' Label for "goto loop to return to".
pul sout 12, 750 ' Send 1.5 s pul ses to P12
pause 20 ' every 20 ns.

goto | oop ' Send programto "loop:" |abel.

The motor in the servo will start running and the first and second gears will start to turn.
a Twist the brass potentiometer input shaft slightly.

If you twist the input shaft one direction, the servo will speed up, and if you turn it another direction, the
servo will slow down.
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a Carefully turn the potentiometer input shaft until the servo slows and stops turning.
a Disconnect this servo from the BOE.

O Reassemble the servo, but do not include the potentiometer drive plate. Also, do not include the control
horn.

a Both servos need to be modified and calibrated. Repeat all the steps in this activity for the other servo.

Servo Testing

a Plug the reassembled servo back into the BOE as
shown in Figure 1.21.

a Now that both servos are reassembled, make
sure the BASIC Stamp is running Program Listing
1.3, and try plugging each servo into the servo
Port 12.

When each servo is plugged into Port 12, its output
shaft should stay still or rotate slowly (less than 2
RPM).

a Try each servo while Program Listing 1.4 is
running. Make sure the pul sout duration
argument is set to 650.

Figure 1.21: Servo reassembled and ready for testing.

The servo’s output shaft should rotate clockwise fairly fast, in the neighborhood of 50 RPM.

a Try each servo while Program Listing 1.4 is running, this time with the pul sout duration argument set
to 850.

This time, the each servo’s output shaft should rotate counterclockwise somewhere near 50 RPM.

If the servo passed these three tests, it's calibrated. If a servo failed any one of these tests, refer back to the
Servo Diagnosis section in Activity #2.
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Activity #4: Centering the Servos — Calibration in Software

Calibration in software involves testing the servo at pulse durations around the ideal center pul sout
duration value of 750 (1.5 ms). What you'll be looking for is the best duration value to really make the servo
stay still. This is especially important if your servo started turning slowly when you ran Program Listing 1.3
after reassembling the servo. This is an example of a second iteration in the calibration process.

O Modify Program Listing 1.4 so that the duration of the pul sout command is 735, and re-run the
program. The servo should slowly turn clockwise.

0 Modify the duration argument again so that it's 736, and re-run the program listing. Repeat for 737, 738,
and so on, all the way through 765.

O Make a note of the duration argument that makes the servo stop turning and the duration argument that
starts the servo turning again.

O Take the average of the pulse widths when the servo stopped and started turning again and call that your
center pulse width.

The true value of the duration argument to center the servo is somewhere between when the servo stops and
when the servo starts again. For example, if the servo stops turning at 749 and starts turning again at 751, it’s
easy. Just take 750 as the center duration for that servo.

Here’s an example that’s a little more difficult. What if the servo doesn’t stop turning until it gets a duration
argument of 752? Then, what if it doesn't start turning again until it gets a duration argument of 757? The
true duration to center this modified servo is would be somewhere between 752 and 757, but where? By
taking the average of the two numbers, the duration would be:

average pulsout duration = L;?W =754.5

The pul sout command’s duration argument can only be specified by an integer value between 0 and 65535.
Some examples of valid duration arguments are: 0, 1, 2,...,754, 755,... So, 754.5 can not be used as a valid
duration argument. The average pul sout duration needs to be rounded, but which way? Although the
standard practice is to round up if the decimal value is 0.5 or above, the servo might not really behave
according to that practice. You could experimentally determine which way to round by trying durations of
758 and 751 in your program. Continuing the example, if 751 makes the servo to turn faster, round
upward, and take 755 as the center duration. On the other hand, if 758 makes the servo turn faster, round
downward, and take 754 as the center duration.
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a Write down the center pulse duration argument for each servo on a small sticker or piece of masking
tape and attach it somewhere to the servo’s plastic case. This way, when writing future programs, you'll
know the center duration of each servo.

o If you've been assembling the Boe-Bot as you go, remove the screws and standoffs from your BOE and set
them aside for Activity #5.

a If you are using a Boe-Bot that was assembled by students in a previous class, reattach the servos to the
chassis. Then, skip to Activity #6:

Activity #5: Boe-Bot Construction

Mounting the Topside Hardware

Figure 1.22 shows the Boe-Bot chassis, topside
hardware and mounting screws.

Parts List:

Boe-Bot Chassis
Standoffs

(1)
(4)
(4) 1/4” 4-40 screws _ .
(2) 9/32" Rubber grommets O = = A °
(1) 13/32” Rubber grommet : " .
g 72

Figure 1.22: Chassis and topside hardware.

Assembly:

Figure 1.23 shows the topside hardware attached to the Boe-Bot chassis. Each rubber grommet has a groove
in its outer edge that holds it in place in a hole on the top of the Boe-Bot chassis.
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O Insert the 13/32” rubber grommet into
the hole in the center of the Boe-Bot
chassis.

O Insert the two 9/32" rubber grommets
into the two corner holes as shown.

O Use the four 1/4” 4-40 screws to attach
the four standoffs to the chassis as
shown.

Figure 1.23: Topside hardware assembled.

Mounting The Servos

Parts List:

Figure 1.24 shows the modified servos and servo
mounting hardware.

(1) Partially assembled Boe-Bot chassis
(2) Servos

(8) 3/8” 4-40 screws

(8) 4-40 locknuts

Figure 1.24: Servos and mounting hardware.
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Assembly:

Figure 1.25 shows the servos mounted on the chassis.

a Use the eight 3/8” 4-40 screws and locknuts to
attach each servo to the Boe-Bot chassis as
shown.

Mounting the Battery Pack

Figure 1.26 shows the battery pack and mounting
hardware to be added next.

Parts List:

1) Partially assembled Boe-Bot chassis.
1) Empty battery pack

2) Flathead 4-40 screws

2) 4-40 locknuts

—_— e~ —~ —~

Figure 1.26: Battery pack and mounting hardware.

Assembly:

Figure 1.27 shows the Boe-Bot chassis with the battery pack mounted (a) from the underside and (b) from the
topside.
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Figure 1.27: (a) Battery pack installed, (b) wires pulled through.

0 Use the flathead screws and locknuts to attach the battery pack to underside of the Boe-Bot chassis as
shown in Figure 1.27 (a). Make sure to insert the screws through the battery pack then tighten down the
locknuts on the topside of the chassis.

0 Pull the battery pack’s power cord through the hole with the largest rubber grommet in the center of the
chassis.

a Pull the servo lines through the same hole.
O Arrange the servo lines and supply cable as shown in Figure 1.27 (b). The supply cable should be between

the two standoffs at the back of the Boe-Bot, and the servo lines should go between the standoffs on the
left of the chassis.
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Attaching the Board of Education to the Boe-
Bot Chassis

Figure 1.28 shows the Board of Education, BASIC
Stamp and mounting hardware.

Parts List:

(1) Board of Education with BASIC Stamp 2
(4) 1/4” 4-40 screws

Assembly:

Figure 1.29 shows the Board of education
attached to the Boe-Bot chassis with the servos
plugged into the servo ports.

o Make sure the white Breadboard on the Board of
Education is to the front of the Boe-Bot as
shown.

O Use the four 1/4" machine screws to attach the
Board of Education to the standoffs.

To figure out which is the right servo and which is the
left, look at Figure 1.29. The servo on the right side
of the Boe-Bot is shown, and the servo on the left is
on the other side of the chassis (not shown).

Figure 1.29: BOE attached to chassis.

a Plug the servo on the right side of the Boe-Bot into servo Port 12, and plug the servo on the left side into
servo Port 13.
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The Wheels

Figure 1.30 shows the wheel parts and mounting y
hardware.

Parts List:

1) Partially assembled Boe-Bot (not shown)

1) 1/16” Cotter pin

2) O-ring tires

1) 1" Polyethylene ball

2) Plastic machined wheels

2) Screws saved from Activity #3 that originally

attached the servo control horns to the servos Figure 1.30: Wheel parts.

—~ e~ o~ —~ —~ —~

Assembly:

Figure 1.31 (a) shows the tail wheel attached to the Boe-Bot chassis with a cotter pin, and Figure 1.31 (b)
shows a front wheel attached to the servo output shaft.

O The plastic ball is used as the Boe-Bot's rear or tail wheel, and the cotter pin is its axle. Run the cotter
pin through the holes in the tail of the Boe-Bot chassis so that it holds the one-inch plastic ball in place
as shown in Figure 1.31 (a).

O Seat each o-ring tire in the groove on the outer edge of each plastic wheel.

O Each plastic wheel has a recess that fits on a servo output shaft. Press each plastic wheel onto a servo
output shaft making sure the shaft lines up with and sinks into the recess.

QO Use the machine screws that were set aside in Activity #3 to attach the wheels to the servo output shafts.
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@) (b)

Figure 1.31: (a), Tail wheel mounted on Boe-Bot chassis, and (b), front wheel mounted on servo output shaft.

Activity #6: Navigation and More Servo Tuning in Software

Now, it's time to take the Boe-Bot for a spin. This activity will guide you through programming the Boe-Bot
to move forward, backward, and turn. Some fine tuning of the example program listing will be done to make
sure the Boe-Bot can move straight forward and straight backward. This will be the last iteration of software
testing and fine tuning for this chapter.

Getting Connected Again

Figure 1.32 shows the fully assembled Boe-Bot. The
battery pack has been reloaded, and the serial cable
and power pack have been plugged back into the
BOE.

Parts List:
(1) Fully assembled Boe-Bot

(4) AA batteries
(1) PC with Stamp Editor and serial cable

Figure 1.32: Boe-Bot ready for programmed instructions.
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Assembly:

O Load the batteries into the battery pack observing the polarity.

a Plug the battery pack’s barrel plug back into the BOE.

a Plug the serial cable back into the Board of Education.

The servos are not necessarily perfectly matched. As a result, even when the Boe-Bot is programmed to roll
straight forward, it might actually turn gradually to the left or right. Software calibration is used again to fix
this problem.

Programming the Boe-Bot to Move

Figure 1.33 shows the Boe-Bot's left, right, front and back as they'll be referred to in future instructions.

Front

Forward

/\

Left Right

N/

Backward

Back

Figure 1.33: Boe-Bot from the driver’s seat.
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Figure 1.34 shows a schematic of the Boe-Bot

with modified servos plugged into servo Ports 12
and 13. The servo on the Boe-Bot's right side is
connected to 1/0 line P12 and the servo on the Boe-
Bot's left is connected to P13.

The easy part about making the Boe-Bot roll forward
is adding a second pul sout command. The
difficult part can be figuring out what the duration
arguments should be.

Take a look at the right side of the Boe-Bot. To make
this wheel turn forward, the servo has to turn
clockwise. This means a duration argument less than
center. A duration of 650 will work well for full
speed ahead. Now look at the left side of the Boe-
Bot. To make this Boe-Bot wheel turn forward, the
servo has to turn counterclockwise. Now instead of
650, a duration of 850 is needed.

a Enter and run Program listing 1.5.

vdd
P12 White
Red
Servo
Black
Vss
vdd
P13 White
Red
Servo
Black
Vss

Figure 1.34: Servo connection schematic.

P12 to out put-I ow.
P13 to output-I|ow.

for “goto loop to return to”.

Send 1.3 ns pul ses
and 1.7 ms pul ses

every 20 ns.

Robotics! v1.4, Program Listing 1.5: Moving Forward.
| ow 12 ' Set
|l ow 13 ' Set
| oop: Label
pul sout 12, 650
pul sout 13, 850
pause 20
goto | oop

Send programto “loop:”

| abel .

If the Boe-Bot rolled backwards instead of forwards, the servo lines were swapped. It means that the servo
plugged into servo Port 12 should be plugged into servo Port 13 and visa-versa.
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How Program Listing 1.5 Pulses Both Servos

Two additional commands have been added, one to set P13 to output-low, and a second to send pulses to
P13. That's all it takes to control a second servo with the BASIC Stamp. The right servo, which is connected to
P12, is pulsed with a duration argument of 650 (1.3 ms) to make it turn clockwise. Meanwhile the left servo,
which is connected to P13, is pulsed with a duration argument of 850 (1.7 ms) to turn counterclockwise.

Your Turn

Save Program Listing 1.5 under another name and try modifying duration arguments in the pul sout
commands. Swapping the durations will cause the Boe-Bot to roll backward. Setting both duration
arguments to the center value you determined in Activity #4 will make the Boe-Bot stay still. Setting both
duration arguments to 650 will make the Boe-Bot rotate counterclockwise in place and setting both
arguments to 850 will make the Boe-Bot rotate clockwise in place

Chances are that you'll notice that your Boe-Bot doesn’t go perfectly straight forward. For that matter, it
probably doesn't go perfectly straight backward. This time, instead of fine tuning the center pulse duration,
fine tune the pulse duration values to make the Boe-Bot go straight forward and straight backward.

For example, if the Boe-Bot veers to the right when it's programmed to go straight forward, either the left
wheel needs to slow down, or the right wheel needs to speed up. Since the servos are pretty close to top
speed as it is, slowing the left wheel down will work better. Make the pulse duration to the left servo (P13)
smaller. Instead of using the command pul sout 13, 850, you might try pul sout 13, 840. This will
slow down the left wheel. By trying different values (iteratively), you can home in on the value that will get
your Boe-Bot wheels turning forward at the same speed. After some experimenting, your Boe-Bot will move
forward in a straight line.

O Make notes of the fine-tuned pul sout durations you came up with for full speed straight forward and
full speed straight backward. You can re-use these values in later activities.

O Add the pulse duration arguments for straight forward and straight backward to the label on each servo
that already has the center duration value.

Page 44 - Robotics! Version 1.4



Chapter #1: Assembling and Testing Your Boe-Bot

Summary and Congratulations on the construction of your Boe-Bot! Through
Applications following the procedures in this chapter, you may have had your first

taste of testing and troubleshooting at the system and subsystem
levels. Lots of other essential topics were covered that will get used
and re-used throughout this text. For example, the Debug Terminal will
be your best and most used tool for testing and troubleshooting each
circuit as well as many upcoming programs.

The PBASIC programming language was introduced along with some example programs to get you started
with the Debug Terminal and with the Boe-Bot. PBASIC comments and labels were introduced, as were the
commands | ow, pul sout, pause,and goto. Software calibration also was introduced.

Real World Example

From the space shuttle all the way down to the Boe-Bot, isolating and testing subsystems during each phase
of development is critical to make sure the whole thing runs when it's put together. More importantly,
isolating and testing each subsystem minimizes the time spent on, and difficulty level of, troubleshooting. At
the beginning of the chapter, the problems associated with not iteratively developing and testing were
discussed. Imagine if nobody tested the Space Shuttle’s subsystems before putting it together. It would take
hundreds of years for NASA to get all their problems sorted out!

Whether it's robotics competitions, product development, or space programs, subsystem and system level
development and testing is the way to avoid unnecessary delays when working from the beginning to the end
of a project. Especially in product development, groups of engineers each develop their own systems and
subsystems. Often, it’s not until late in the design cycle that the system level testing and system integration
occurs. Sometimes, all a design team knows are the input and output (I/O) requirements of their particular
module in the project. Regardless, engineering design teams still have to iteratively develop, simulate (which
we did not do here), and test the subsystems within the project module they are working on.

Software calibration also was introduced. This is currently a hot topic because many appliance makers are
working on incorporating microcontrollers that can communicate across the Internet into their products.
Remote diagnostic programs can then enhance the ability of the microcontrolled devices to self calibrate.
Also, technicians can perform software calibration, diagnosis, and in some cases repair, all remotely. Imagine
your TV picture going bad a few years from now. Getting it fixed might involve the pressing of a few buttons
on your TV remote. Then the microcontroller in your TV will log onto the Internet and report the problem to
the company that makes the TV. Before sending out a TV repair person, your TV's problem will be diagnosed,
perhaps by a computer program. It might even be fixed by the program sending special control instructions
back to the microcontroller. Otherwise the TV repair person will show up with the right parts to fix it.
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Boe-Bot Application

One item you'll investigate in the Questions and Projects section is what happens when the wiring of the
servos gets changed. How does this get handled? It involves more changes than you might think. For
example, if you were to unplug a servo from servo Port 12 and plug it back into servo Port 15, you can't just
change the photo that shows what port to plug it into. The schematic, which is the preferred method of
communicating wiring information, has to be changed, and so do all the program listings. At some point you
might want to add more servos to function as grippers. Although a gripper design is not included in this text,
Questions and Projects has exercises that will prepare you for connecting servos to different ports.

So far, the Boe-Bot can be programmed to roll forward or backward or to rotate in place. During some of
your testing, small variations in servo performance were discovered and corrected in software. The software
calibration that was performed was all done at just three speeds: full speed ahead, full speed reverse, and full
stop. In the projects section you'll get a chance to further research and generalize the software calibration
for a variety of speeds. In later chapters, you'll also write functions and lookup tables to fine tune the servos
at any speed.
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Questions and Projects

Questions

1. Explain how iterative testing and development works. How was it used with the Boe-Bot?

2. Explain the two things the debug command does.

3. What are the different types of output data that can be used with the debug command? Explain
each type.

4. Explain how to trouble-shoot a servo assuming that it did not respond to any of the tests in Activity
#2. Also, explain how the debug command can be used to perform additional tests to isolate the
problem.

5. Assuming the DC motor updates what it's doing every 20 ms, how many times per second does the DC
motor update itself? Hint: This is a division problem.

6. Discuss how you would modify Figure 1.12 and Program Listing 1.3 if you wanted to do your servo
calibration using 1/0 line P15. How would it change Figure 1.14 (b)?

7. Assume in Activity #6 that you want to use I/O lines 14 and 15 to drive both servos. Make sketches of
your recommended modifications to the relevant diagrams, pictures, and code samples in this
activity to accommodate this change.

8. What would you do if you wanted to drive the servos using 1/0 lines P10 and P11. Hint: This will be

easier for those of you BOE Rev A users. Repeat the activities in Question 7.
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Exercises

1.

What would happen if you used pause 30 instead of pause 20 in the Chapter #1 program
listings? How would this effect the servos’ operation? Draw a diagram similar to Figure 1.16 based
on a pulse train using pause 30 and pul sout 12, 750.

The How the Program Works section in Activity #2 shows how the pul sout duration argument 750
equates to 1.5 ms pulses. Repeat this exercise for pul sout 12, 650 and pul sout 12, 850.

What is the necessary pul sout duration argument to make a 1.626 ms pulse?

What are the maximum and minimum pulse widths that can be generated using the pul sout
command?

Challenge: Since the low time in the pulse train is not overly important, the pause time was not
adjusted when a second pul sout command was added. However, each pul sout command
causes an additional delay on top of the 20 ms pause. How would you adjust the pause time in
Program Listing 1.5 to ensure that the pulse to a given servo begins every 20 ms?

Projects

1.

In Question 7, you modified the relevant figures and programs in Activity #6 so that you could use I/0
lines P14 and P15 to drive the servos instead of I/0 lines P12 and P13. Use your Boe-Bot to test
these modifications. Make sure to save your programs under different file names, because, in the
next chapter, we'll start over again with 1/0 lines 12 and 13.

Record the Boe-Bot's behavior on the first run of your test. Was this the expected behavior? If not,
account for it, then record the additional changes you had to make to get your Boe-Bot working as
intended. There may be multiple iterations of troubleshooting here; make sure to record each step
taken to get the Boe-Bot to function as intended.

Program the Boe-Bot to move in several different patterns. Try the following:

(@) Identify a pair of pul sout values that make the Boe-Bot move slowly straight forward. Shoot
for wheel speeds of 4 RPM.

(b) Identify a pair of pul sout values that make the Boe-Bot move very slowly straight backward at
the same speed. How do these values compare (or not compare) to those identified in Part 2
(a)?
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3. Make a graph of wheel speed as a function of pulse width for each servo. Use several pulse widths

4.

between 1 and 2 ms (pul sout values between 500 and 1000). Either count how many revolutions
the wheel completes in a specified time (20 seconds or a minute), or see how much time it takes to
complete 10 revolutions. Your graph might look something like this:
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Figure 1.35: Pulsout value vs. rotational speed for both Boe-Bot servos.

Figure 1.35 shows a graph generated by a Microsoft Excel spreadsheet using eight data points and
the “Best Fit” option. In your own graph, it would be better to take lots more measurements,
especially in the region between where the two lines become horizontal. Use your spreadsheet
program to magnify the area between 600 and 900.

Use the improved graph to predict the pulse widths required to make your Boe-Bot go straight
forward or straight backward with less trial and error. Hint: The rotational speed of one servo will
correspond with a certain pul sout value. Then look at the negative of the angular speed for the
other servo, and choose the appropriate pul sout duration.

Test the accuracy of the graphically determined predictions by programming them into your Boe-Bot
and testing to see how straight it goes.
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