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Introduction

This book will show the robot tinkerer, the high school
science fair project builder and anyone else interested in
understanding computer control, how to build and demonstrate
this control, simply and inexpensively. How inexpensively? For
$30 to 350 you can have a very capable computer. For an egual
amount you can have eight lines of input and output control.
This compares to commercially available single board control
computers which cost hundreds of dollars.

The book lays out simple application projects with detailed
examples and explanations. These projects range from simple
computer input and coutput to the electrical and electrdnics
circuits of a self contained moblile robot. Although it is a
practical "how to build it" book, it also demonstrates the
concepts of computer control possibilities which enables the
reader to "“learn by doing”. All components for the projects are
readily available, including some commercially available bare
board printed ecircuits. All that 1s required by the reader is to
put them together. The electronics assembly can be accomplished
in the home on the kitchen table.

The text explains circuits which are illustrated with
schematics, photos and drawings. The basic thrust of the
applications is the adaptation of simple existing circuits and
integrated circuit packages to work with the inexpensive
computers. Software in the form of easily understandable BASIC
language and very efficient machine code is included where
appropriate and explained with each hardware application.

After piquing your imagination as to the variety of yet
unexplored applications for computer control in the home you are
gulded to selecting the most suitable computer from the
standpoint of both cost and capability for the projects
described in the bock. Computer expansion using a commercially
avallable bare board circuit is detailed and illustrated. Then a
full description of two inexpensive input/output circuits is
provided, one of which is availlable commercially in bare board
verslon.

Chapter 5 is the heart of the book illustrating computer
control application in the form of the electric and electronic
circuits and computer control of a mobile self contained robot.
Most of the projects that follow have direct application to the
robot development. The next project applies the same principles
as used to control the robot to control appliances and lights in
the homne.



The remaining projects include a simple but potenitally

powerful stepper motor control circuit;

a simple optical encoder

project which can be applied to numerous control applications;
an lnexpensive computer controlled digltal volce system; a

good demonstration of voice recognition
and an intriguing machine code software
implementation of an ultrasonic ranging
concludes with a number of hardware and

Also included is a list of reference
study and a comprehensive list of parts
in the book.

using simple hardware
technigque; and, the
sensor. The text
software tips.
publications for further
sources for all projects

The approach of the book is unique among "how to build it”
books because 1t neither requires the reader to buy an expensive
kit nor does it require the reader to build all circuits from
scratch. Instead, 1t provides anyone who wants to build the

projects and in the process learn about
option of inexpensive components and in

computer control, the
several cases, bare

board printed circuits available commercially. 1t uses
technology readily available to the consumer to explore the
rapidly growing computer control and robotics field.
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Chapter 1
GETTING CONTROL

Although one of the most visible manifestations of computer
control is robotics, the computer can be adapted to control
virtually anything. I will present some practical computer
control applications in this book, including actual circuilts,
parts sources and software. But first, let's explore some
Yideas" that you might pursue. The aim in this book is to take
existing components, wherever possible, and adapt them to your
use oOr purpose. .

The approach in this book is not to build a computer from
scratch! You are probably neither willing nor feel capable of
that type of project. I will instead, describe projects that
adapt existing components to accomplish computer control with
nowhere near the construction complexities of building a
computer from scratch.

I will assume that you are either now a tinkerer, or I will
pigue your interest enough with this book to become a
tinkerer. The objective of all projects in this book is to take
something good, inexpensive and simple, and make it into
something even more useful than it was originally.

WHAT CAN BE CONTROLLED?

My answer to that question is that virtually anything and
everything can be computer controlled. Lock around you, where
ever you are right now, and let your imagination run wild.
Believe me, it probably can be computer controlled and the
result should be a more efficlent use or operation.

Computers in the form of limited function microprocessors
and digital logic circuits are appearing in more and more
applications in the home and work place. One example in the home
is the energy saving heating/cooling thermostat controls.
Another is the video text terminal and home computer information
service terminal. Electronic communications devices bring
a wealth of information to the finger tips of the home user. But
why stop there? Why not tie the two together to perform even
smarter home control activities? If the temperature outside your
home is 60 degrees but is predicted to rise to 75 in a few
hours, why not use this information for a smarter thermostat
control operation? The furnace activity could be cut back,
taking advantage of the warming trend.

Or, why not a computer controlled home security system that
performs dual duty as an energy saving system? A security system
which monitors room activity for intrusion detection, could
contine to monitor activity when not doing security duty. The
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briefly, (1> a robot must not injure or cause injury to others,
(2) a robot must obey orders except when it would violate the
first law, and <(3) a robot must protect its existence except
where it violates the first two laws., Mr. Asimov feels that
industrial robots are currently too simple and do not yet have
the intelligence to incorporate the three laws. He feels that
robots and computers do not now and never will have the same
abilities as humans., His point is that it is a waste of time to
imitate human actions, because computers and robots just can't
do as good a job at many functions as a human. His premise is
that computers and robots will get better and better at doing
what they can do. On the other hand, humans will also get better
and better at what they do. Together they will accomplish a
symbiotic effect and do a better job together than either could
do independently.

Robot Builder Views

Mr. Heiserman was probably the first to write a bocok
describing how to bulld a personal robot. He has written several
books on the subject and his ideas have been an inspiration to
my work in the subject. I totally agree with Mr. Heiserman's
point that there are so many things we can do with robots, so
why aren't we doing them? His build your own robot book
describing "Buster" published in 1976 was helped immeasureably
by the release six months later of the movie "Star Wars"”. His
books embody an evolution of ideas in robots progressing through
microprocessor control to a self programming robot concept. Mr.
Heiserman's latest interest is how a machine (the robot)
percieves the universe or how it copes with the enviornment?

Mr. Engleberger is generally acknowledged to be the founder
of industrial robots and robotics. Based on his extensive
background in industrial robots, he has definate ideas
concerning what a robot is and what it should do. He found it
difficult to pin down a precise definition of an industrial
robot and even harder to come up with a definition of a personal
robot. He does state though that, "I know one when I see one".
You can form a very definate picture of his idea of what a robot
is, by studying his opinion of what a robot must and can do.

Mr. Engleberger has strong feelings that a personal robot
must be able to do something useful and must sense and interact
with the enviornment. He also feels that it has to think in
world coordinates; have computer control; possess dead
reckoning; inertial navigation; and, scene analysis. Mr.
Engleberger evaluates a robot without an arm as a mere computer
rolling around on a cart.

Mr. Engleberger has a long list of possible applications
for mobile robots., They include garbage collection and fast
food preparation (intentionally grouped together); gas station
attendent (safety and convenience advantages); hospital
aides; and, household servant {dncluding fire & intruder
emergency service). A major point was that he doesn’t think that
personal robots have to be cheap. This position is in apparent
conflict with the opinions of Mr. Bushnell, to be discussed
next.



Some Differing Views

Mr. Bushnell, the man who brought us Atari video games and
Chuck E. Cheese's Pizza Time Theater, has some different views
on what persconal robots should be and do. He insists that
personal robots must be cheap and fun. He feels that "fun sells"
and persconality is cheap. He has been amazed at how people will
assign personality to random number generators in video games.
Speech in a robot also adds personality.

He also feels that it is possible for a personal robot to
do meaningful tasks in the structured enviornment of the
household. Mr. Bushnell outlined his idea of the evolution of
the personal robot over the next ten years. In the next three
years, the robot that tells the best jokes is going to be the
winner. In four to six years, the one that guards the house
will be scld. And, in eight to ten years, he sees the robot
picking up, manipulating, washing a window, bringing a beer, and
performing as a surrogate child.

Enough Fhilosophy

The robot projects described in this book have much in
common with the ideas of these experts. My ideas concerning what
a personal robot can or should do around the house are still
being formed. These ideas are evolutionary and had humble
beginnings a few years ago when H.EN.R.Y., my personal robot
was born. Others don't always see what you see, as evidenced by
an early view of H.EN.R.Y. and I by a family friend which can
be seen in Figure 1-2.

The humor seen in my robot was not lost on the judges at the
first International Personal Robot Congress & Exposition.
H.EN.R.Y., whose construction, circuits and software are
described throughout this book, won the Golden Droid Award for
Most Entertaining at the IPRC (Figure 1-3).

Although the second and third IPRCs (1985 and 1986) were
originally scheduled to be held in Albuguerque, the second was
held in San Francisco in September 1985. If you consider '
yourself a real robot enthusiast, you should plan to attend an
IPRC in the future. Why don't you go and learn’ the latest as to
what the commercial personal robot manufacturers and the
tinkerers are up to? See you there!

SELECTING THE COMPUTER

The selection of the proper computer is key to inexpensive
robot control applications. Remember, the theme of the projects
in this book is "keep it inexpensive'". Although the control
circuits described can be adapted to any popular Zilog Z80
Central Processor Unit (CPU) based microprocessor {(i.e. early
Radio Shack TRS-80 models, Heath H-89, etc.), 1 chose the
Sinclair ZX81 computer (Figure 1-4) for several reasons. This
computer has also been marketed in the U.S. as the
Timex/Sinclair 1000 and the Timex/Sinclair 1500. Although these
computers are not currently being manufactured for sale in the
U.2. by either Sinclair or Timex, several million have been sold
world-wide and are still being sold both in the U.S. and by
Sinclair outside the U.S. Hundreds of thousands of these
computers bought in the U.5. as first computers are now
gathering dust in closets. Those that can be still found for

n



Figure 1-2. H.E.N.R.Y. and I when H.E.N.R.Y. was young {Drawn
' by H.E. Kilp)
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can be still found for sale, new or used, can be bought for
approximately $30 to 340 or less.

It is unfortunate that these computers are considered by
many as "toys" and not respected for thier potential capability.
It is educational to explore the apparent faillure of the
Timex/S8inclair computer wventure in the U.S,, while Sinclair
computers continue to sell well in most of the rest of the
world. You can't lay all the blame on Timex. Computer stores
won't touch computers selling for less than a couple of hundred
dollars because there is not enough profit. They can make much
more by selling a 2,000 computer. You can’t blame the computer
stores, they are in business to make a profit.

I guess the major blame for the apparent fallure of the
Sinclair market in the U.S. belongs with Sinclair itself. They
made the machine too good and sold it at too low a price!
Although the ZX81-TS1000 machines have shortfalls, they have
some features not even found in the "big" machines. OUne such
feature is the single key BASIC language entry, using only one
byte of memory per instruction and performing syntax error check
immediately upon entry of BASIC statements.

So why am I into supporting the Sinclair machines? Because
1 got into computing for the fun of it {fun can be cheap). With
the Sinclair machines, you can have fun and learn a lot, for
only a little money. The same fate may strike the new Sinclair
QL computer in this country that befell the other Sinclair
computers here, because they don't cost enough. The Sinclair QL
is a fantastic machine, which for less than $300 will run rings
around many machines selling for several times as much. But what
computer store will handle it and settle for three to four times
less profit per sale? I predict that if the Sinclair QL is not
marketed under some new and creative scheme, it will be a
failure in the U.S., even though it is a superior and
inexpensive machine, :

I must devote a few words to another fine Sinclalr product,
even though it is no longer manufactured for sale in the U.S. by
Timex either. The Timex/Sinclair 2068 Personal Color Computer, a
version of the Sinclair Spectrum being marketed worldwide, was
sold in the U.5. by Timex from the fall of 1983 into 1584,

Again, the only thing I can see that is wrong with this computer
is that it also was too inexpesive. It is in many ways superior
to the very popular Commodore 64 and originally sold for about
the same price. In fact, several of the projects described in
this book also include instructions for use with the TS2068.
Working with this machine bhas truly been a pleasure, and on a
budget too. This boock was written using only the setup shown in
Figure 1-5. It consists of a TS2068 computer, a Byte-Back RS5-232
interface, a Gorilla-Banana (Leading-Edge) printer and Tasword
Two word processor software (from Tasman Software, UK.). And
what did this budget operation cost to set up? 1 am dying to
tell you. It cost less than $500! [ have used $10,000 word
processors and this setup has nearly the same capabllity at a
fraction of the cost. When BRC acquired the rights to publish
this manuscript, after TAB Books owned the rights for over a
year and didn't publish, the only equipment added was a Tandy
DMP-130 printer. It is a fine dot matrix printer which produced
the near letter quality camera ready pages you are reading.
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Figure 1-5. Low cost word processor setup used to write book.

11}

Why The ZX81-TS810007

Although I have already mentioned some of the advantages of
the ZX81 and TS1000 computers, the most relevant advantages are
discussed below. The computer comes with a complete single key
entry BASIC language in ROM (Read Only Memory). You will see
other single board computers advertised with a tiny BASIC but it
is just that, and not a complete BASIC language. Simple machine
code programming of sophisticated control routines is easy to
implement using the ZX81-/TS1000. Several of the projects
described in this book include machine code routines and an
explanation of how to implement them. Also, Chapter 12 expands
and explains the machine code implementation on the Sinclair
computers. Other tools like FORTH language are avialable from
the cottage industry suppliers. Although these suppliers shrank
somewhat when Timex left the U.S. market, they are still around,
in the U.S., in Canada and of course in the U.K.

The overriding justification for choosing the Sinclair
computers for demonstration and control applications is the low
cost or "throw away" nature of the computers. This is important
in overcoming the natural reluctance to wiring up attachments
and fearing the worst might happen, damage to your personal
computer. Yes, 1 damaged the ZY8l1 once with an improperly wired
peripheral and once with a static electricity discharge. In both
cases the repair required the replacement of IC1, the controller
chip, at a cost of $l2 each. These replacement parts can be
obtained from Sinclair Research, Nashua, NH for the ZX81 or from
Timex Computer, Little Rock, AR for the TS1000 or TS1500. Also,
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a chip from either source will work in either computer.

A prime consideration in selecting the Sinclair computers
for a project like a self contained robot is the small size of
the computer. Cunce for ounce and cubic inch for cublc inch, it
can't be beat.

Will Other Computers Work?

If you insist on using some other computer in conjunction
with these projects either because you haven't got a ZX81,
TS1000 or TE1S00 or you can't find one at a flea market or in
someone's closet, as mentioned earlier, it can be done. Howewver,
it will require that you have extensive knowledge of the
particular computer. Basically any computer with a Z80 could be
adapted to use with many of the circuits described. These
include the TRS—-80 Model 4, Heath H-89, Spectravideo SV-318,
Mattel Electronics Aquarius, Toshiba America HX-20, Cromemco
C-10 and Osborne I to name a few. For example, the optical
encoder circuilt described in Chapter 7 was adapted from a
circuit originally designed for use with the TRS5-80 Models I &
I1I. However, in order to adapt these circuits to other
computers you will require some knowledge and information not
provided in this book. The best way to pursue this adaptation is
to obtain schematics and as much other information on both the
Sinclair computer and whatever computer you are adapting the
circuits to work with.

Well, this is the end of the preliminaries and small talk
about computers and computer control. The rest of the book is
devoted to construction, wiring circuits, writing software and
making things happen. Learn by doing and do it inexpensiwvely.
Good luck on your computer control projects.
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Chapter 2
COMPUTER EXPANSION

Although one or two peripherials can be added to your
computer without requiring an expansion board, a fully buffered
expansion board is a requirement for the serious control
experimentor. An expansion board is a must for projects such as
a personal robot, whose electronics are described in Chapter 5.

An expansion board can be built from scratch with the
information provided in this chapter. However, a much easier and
more foolproof way to build the board is to buy the bareboard
version of the circuit from a commercial source. The board fully
described here was originally designed and hundreds sold by
Computer Continuum of San Francisco who no longer make or sell
the board. An approved copy of this board is now available from
Budget Robotics and Computing of Tucson, Arizona. This circuit
is actually a combination of the old and new versions made by
Computer Continuum. [t combines the pinout of the output
connections on the old version with the improved decoding
circuitry of the new version. This pinout design duplicates the
pin out on the rear of the computer enabling any device designed
for connection to the back of the computer to be plugged
directly onto the expansion board. For example, the RX81 IL/0
board described in the next chapter can be plugged directly onto
the expansion board. In this case, the most in the way of an
adapter that would be required for any device would be a piece
of printed circuit board with fingers extending the complete
length of the board (see Figure 2-1).

An important aspect of an expansion board is the
availablity of a larger +5 wvolt power supply than the one that
is built into the computer. This is important as you keep adding

Figure 2-1. Double sided 23 x 2 finger extender for use with
Expansion Board.
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Figure 2-4. Exzpansion bare board with 90 degree connector,

sockets and jumper wires have been installed. Fasten it with
the heat sink with bolts before soldering.
Jumper Wires

Jumpers Jl and J2. For +5 volts supplied from the
computer’s regulator to the Expansion Board, use J1 and J2. For
+5 volts supplied from the Expansion Board to the computer, use
J1 (do not use J2) and supply the © volts to the regulator at
the point on the Board marked 'O volits'. For power supplied
from the computer's power pack wvia the computer to the 2 amp
regulator, use J2 (Do not use J1), For power supplied from
external @ volt source to the 3 amp regulator and the computer's
regulator, use J2 Do not use J1).

Jumpers J4 and J&, To keep the ROM from'repeating at
addresses 81982 to 16383 use J4 & J6. This will give you 8192
{= 8K)> of free addresses for memory mapped peripherals or more
memory, Either J4 & J6 or J3 & J7 must be used.

Jumpers J3 and J7. To keep the ROM from repeating at
addresses 12288 to 16383 use J3 & J7. This gives you 4K of free
addresses.

Jumpers J8 and J9. Prepare two wires which will hang on
the solder side of the board from IC2 to J& and J9, Connect one
end of J8 to pin 1 of IC2 and the other to the BUSRQ end of J8.
Then connect one end of J9 to pin 2 of ICZ2 and the other to the
buffer enable side of J9. EBUSRQ will remain active low <O
volts), If yvou chose not to use this recommendation, then the
end of J9 connected to the buffer enables must be connected to
ground.

Jumpers J10, J1l, J12 and J13. This is a data bus buffered
external decoder option. It is required for operation of such
peripherials as the Sinclair or TS printer and the RX31 L/0
board. FPrepare four wires which will hang on the solder side of
the board from IC2 to various points. Connect J10 from pin 8 of

16



IC1 to pin 13 of ICS. Connect J11 from pin 1 of IC3 to pin &8 of
IC9, Connect J12 from buffered IORQ to pin 3 of ICS. Connect
J13 from pin 10 of ICl/buffered RD to pin 45 of IC2. If you
would like to experiment with another decoder option and not
connect ICS into to circuit, the following must be accomplished:
wire one jumper connecting the pin 8, ICl side of Ji1¢ to the pin
1, 1IC3 side of J1l.

Mounting the computer

There are many options for mounting the expansion board and
computer (Figure 2-5) depending on the application. For the Home
Control project (Chapter 6) you may wish to build a box to
protect the boards you add to the expansion board. Be sure to
somshow insulate the bottom of the expansion board from
accidentially coming into contact with metal objects to prevent
short circuits. In the robot project (Chapters 4 & 5) you may
want to substitute a flexible wire connector for the 90 degree
connector so that the computer can be mounted underneath the
computer on the same mounting board.
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Figure 2-5. Built up expension board with 16K RAM and computer
connected with flexible connector.
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Table 3-10
8255 PARTE LIET

Circuit board (Radio Shack 276-152)
14 pin IC sockets

16 pin IC socket

40 pin IC socket
8255 PPI (IC4)

7430 (ICs 1 & 2)
74LS04 (IC3)

Tadoz

74L508

0.1uF capacitors
onsoff toggle switch

Hookup wire

Figure 3-5. B255 circult board layout.
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on the board. The purpose is to allow the circuit to be
deactivated without having to remove the board from the
Expansion Board. The utility of this option will become more
obvious after an explanation of the address decoding that
follows. First solder all IC sockets in place. Then install all
other components as indicated with hookup wires as required from
board fingers to IC socket points. Figure 3-6 shows both the
8255 and RYS81 boards plugged into the Expansion Board. The same
operations precautions apply as noted for the R¥81, Always
disconnect the power from your computer before either connecting
or disconnecting any peripherial.

‘ci ; ¥ . 8 Y] 3
BEET - & :
S B T E

o5 &

o
B - b b
e B
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Address Decoding

Figure 3-7 depicts the address decoding performed by ICs 1
through 3. With this decoding addresses 32760 through 32763
give you complete control of the 8255 chip. Table 3-11 lists all
addresses and their function. Because these addresses fall
within the useable RAM of your computer (true only if you are
using a 16K RAM pack) the RAMTOP must be reset before this
circuit can be properly addressed. A full explanation of this
reguirement is expained in your computer User Manual under
"RAMTOP"., With a 16K RAM pack installed, the RAMTOP will be
avtomatically set to address 32767. In order to lower the RAMTOP

n
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Figure 5-3.

Hear view of robot
back from wooden frame.

with fiberglass
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Figure 5-4. Robot upper body hinged back, looking into base.

Figure 5-5. Hobot top with plastic terrarium bubble removed.



Figure 5-6. Hobot top hinged back showing internal control
computer and computer power supply.

Figure 5-7. View down into upper bedy of robot.
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Table 5-2
ROBOT CONTROL RELAY FUNCTIONS

ELY Function (motor drive)
1 Upper body rotate left
P Upper body rotate right
3 Left drive wheel forward
4 Left drive wheel reverse
=] Right drive wheel forward
© Right drive wheel reverse
7 {not usedl
8 {not used)
9 Left shoulder down
10 Left shoulder up
11 Right shoulder down
1= Right shoulder up
13 {(not used)
14 (not used>
15 Left elbow down
16 Left elbow up
17 Right elbow up
18 Right elbow down
19 Right hand close
20 Right hand open

Flgure 5-9. Robot computer power supply.
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Figure 5-11. Robot driver boards plugged into holder, before
installation on base of upper robot body.
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Figure 5-15, Robot motor limit switch terminal strip and dicdes.

installed normally open contact microswitches to the exterior of
the robot with spring wire extensions covered with foam rubber
pads. The bumper switches include one as a front bumper, one as
a right bumper and one as a left bumper. I actually installed
two sets of two front bumper switches each, one set with a
spring wire horizontally between them and another set with a
spring wire vertically between them. This arrangement gives a
larger striking area if the robot runs head on into something.

An alternmate way to accept input commends to the computer
is to wire the exiernal microswitches as keys on the computer
keyboard. This method works, but is not totally satisfactory.
The computer can be set up to scan the keyboard for specific key
inputs but a problem arises when two keys (or microswitches) are
closed at the same time. This can easily happen if the robot
works its way into a corner and hits the front and the side
sensors together. The computer will not normally accept any
keyboard input if this happens and it could even be seen as an
illogical input and blow the program.

With sensors wired to the RX81 Input/output board a program
can be written to accept any combination of simultanecus sensor
inputs at the same time, and properly recognize them. Also, a
machine code routine can be writtem to scan the inputs much
faster than the keyboard method. More on that in the software
explanations.
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Figure 5-17. R¥81 to Expansion Board connector required for the
last version of the Expansion Board sold by Computer Continuum.
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Table 6—-2

BER X-10, Control Switch IC Pinout

SWITCH

D90 0& W=

on

OFF

BRIGHT

DIM

ALL LIGHTS ON
ALL OFF

CONTROL IC PINS

Figure 6~1., BSR controller circuit board.
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17
28
=0
28
18
28
19
28
16
28
=7
28
21
28
26
=8
=5
27
ota]
26
25
=25







Table 6-3
SUMMARY OF SWITCH CONNECTIONS TO 16 PIN JUMPER

SVITCH JUMPER PINOUT RELAY #
1 1 3 1
2 3 11 a8
3 1 =} &
4 G 11 10
5 1 11
6 i i1 l=
7 1 5 13
8 S il 14
on L&) = 2
OFF =} 10 3
BRIGHT 5 B 4
DIM L 9 5
ALL LIGHTS ON o & 6
ALL OFF 7 8 7

Pinout for remaining switches not used in this project.

S 1 2
10 2 p 5
11 1 10
1=2 10 11
13 1 T
14 T 11
15 1 9
16 = 11

Figure 6-3. Wires soldered to BSH controller extending off

clrcult board.
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Figure 6=5. DIP snnket f‘astened to BSR case with jumper cable
connected.
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Figure 6-7. Interface circuit assembled

on a Hobby Board clircuit
card, component side view.
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Figure 6-8. Interface circuit on Hobby Board, solder side.
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Figure 6-9. Jumper cable shown connecting BSR controller with
RX81 board plugged into Expansion Board.

—_

Figure 6-10. Home control nter showin computer, external
keyboard, expansion and interface boards in enclosure and
television monitor.
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socket is required for this project and the 16 pin socket is
reguired for the Digitalker project. Table 3-14 summarizes the
pinouts for these sockets.

How you can wire up the stepper motor circuit in accordance
with Figures 7-2 and 7-3. A summary of the IC logic is also
depicted in Figure 7-4. The wiring is fairly straight forward,
but I will run through the steps that might not be obvious.
First, you might be wondering about the audio jack. That will be
your 12 wvolt input point. And where do you get the 12 wvolt
supply? It is supplied from the old power supply that you used
to power your computer before you added your Expansion Board.
This power supply will power the cilrcuit and stepper motor. The
other component you might wonder about is the Radlio Shack five
pin auvto speaker connector. As can be seen in Figure 7-2 this is
used to make the connection to the stepper motor. Although there
are eight leads coming from the motor, four of them are ground
and can be connected together into one common pin on the
connector plug.

Although detailed technical data is supplied with the
motor and SAA 1027 when ordered from Gledhill, the following is
a brief rundown. The two will operate within a wvoltage range of
95 to 18 VDC. The maximum current draw is 800 mA. The motor
steps 7.5 degrees per pulse which equates to 48 steps per
revolution. Pin 2 on the SAA 1027 i1s the set input (8); pin 15
is the trigger input (T) causing the IC to step the motor on the
positive edge of a high low high pulse; and, pin 3 is the

ST : ) : _ =

Figure 7-2. Stepper motor driver board and motor.
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Table 7-2
STEPPER MOTOR DEMONSTRATION SOFTIWARE

10 FOR N = 1 TO 48

20 POKE 32761, 0

30 BEXT N

40 FOR N = 1 TO 48

50 POKE 32761, 1

60 NEXT N
h
original position by rotating it one revolution CCW.

This routine will drive the motor at about 27 pulses per
second which equates to one complete revolution in 1.8 seconds.
If you want the motor to run faster, insert the following
statements in the above program: "5 FAST" and "35 SLOW".

This will drive the motor at about 137 pulses per second in
the clockwise direction, equating to one complete revolution in
one third of a second. On the other hand, the revolution speed,
which is governed by the pulse rate, can be slowed by
introducing a pause statement between the POKE and NEXT
statements, or otherwise slowing the program.

APPLICATION

Figure 7-5 should fuel your imagination even if you haven't
built a robot. The driver board (Figure 7-2) has encugh room
for at least three more motor drive outputs if one is not
sufficient. All you have to add in the way of hardware is an
SAA 1027 for each motor. The two logic chips have five more
gates avallable and only one is required for each additional
circuit. Just remember to beef up your 12 volt supply to
accomodate additional motors.

Figure 7-5. Robot lower right arm with stepper motor added for
wrist movement.
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Figure 8-2. 0Optical encoder circuit board with shaft extention.

LED and phototransistor indicated in Figure 8-1, The prine
components, the LED and phototransistor, will probably have to
be purchased locally as I have not found them available from a
mail order source. I found a Radio Shack equivalent after
locating three other supplier and part numbers for each. You
should have no problem finding one of the part numbers at an
electronics parts supplier near you. If all else fails, I have
also provided the address of a Tucson store who will respond to
your mail request and supply the TIL part number in a Dowpak
electronics parts package. Although all the part numbers I have
listed are interchangable, you may have to vary the resistance
of Rl to get the phototransistor to trigger properly. For
example, if you use a TIL 99 (Figure 8-3) the value of R1 should
be 33K chms. If you use an MRD 370, the value of Rl should be
220K ohms. Although you can decrease the value of R2 (to 220
chms for example) to increase the IR output of the LED (making
it brighter) you will probably decrease its operating lifetime.
Also keep in mind when you operate the circuit, that the LED is
producing IR light which will not be wisible to your eye. The
LED won't appear to light up. I recommend you buy a cheap logic
probe if you are going to be bullding circuits like this, as it
makes the checkout for proper operation much easier. The only
external connections from the encoder circuit are the output, +5
volts and ground. As shown in Figure 8-4, I used a DIP jumper to
connect the output of the 74LS14 (pin 2> to the RX81 L70 board
data line 1 (D0O). The +5 volt and ground connection can come
either directly from the computer bus connector or from the RX81
board.
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Figure 8-4. Overall view of computer, RX81 1/0 board, 16K RAM
and optical encoder

SOFTWARE DETAILS

Now for the software. Version 1 (Figure 8-5) will handle
input up to the rate of about 45 pulses per second. This eguates
to a shaft speed of 675 revolutions per minute rpm) using a
single hole perpendicular to the shaft (4 pulses per
revolution). Version 2 (Figure 8-6) will handle input up to the
rate of about 73 pulses per second. This egquates to a shaft
spead of 1100 rpm at four pulses per revolution. For very high
speed measurement, use version 3 Figure &-7) is all machine
code. This version will handle input of hundreds of pulses per
second, which egquates to several thousand rpm at four pulses per
second. [ actually don't know how high an input rate this
version will handle because I haven't found an application that
exceads its capabllity. If you have used the EX81 boards
previously, you will notice that the machine code versions 1 and
2 differ from that supplied with these boards prior to 1984. The
change in the machine code {(documented in Chapter 3) allows the
input to be read three times before the input is accepted by the
computer as being valid. Table &2 contains an explanation of
the version 3, all machine code instructions. I found that the
technigue of multiple inputs for confirmation was necessary even
if the inputs were mechanical switches as described in Chapter
5. The rapid inputs of the encoder make this technique even more
critical. If you have built the input/output circuit described
in the robot article in SYNC magazine (Jul-Aug 83), you may want
to modify the machine code statement in REM 2 to match that in
versions 1 and 2 here. Femember that the input and output
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Figure 9-5. Component side of Digitalker circuit board.

control software. In order to produce a word two commands or
POKEs are necessary.

First you must POKE the command to select one of the two
ROM chip sets. You POKE 32YV62 with a "0 (POKE 32762,0) to
select ROMs 1 & 2. You POKE 32762 with a "1" (POKE 32762,1) to
select RONs S5 & 6. However, the circuit automatically sets to
select ROMs 1 & 2 when you power up. This is because the relay
activates the first ROM set until you POKE the circuit with a
"1", You then have to POKE a "0" to turn the relay coll off.

The second required command both selects the proper word
from ROM and activates the SPC to produce a word. These words
are selected by assigned number through 8255 port A. In other
words to select the second word in the first ROM chip set you
"POKE 32760,1". This word is the word "one". The first word in
this ROM set is actually not a word but a phrase in a female
voice. The the phrase "This is Digitalker”. All other words are
in a male voice.

The best illustration of the capability of this system is
accomplished by the routine listed in Table 9-2. This program
will cycle through the entire vocabulary alternating from one
ROM set to the other and back, until all 275 words are produced.
It will then automatically start over from the beginning. One
complete cycle will take about five and one-half minutes. Once
started, you can only stop the routine with a "BREAE" from the
computer keyboard.

There is one aspect to this control method which I have not
yat explained. You may have noticed the PAUSE statements in the
above program. These are required to allow the word to be
processed and spoken before signalling the SPC for the next
word, If you don't pause, the words will run together and the
end of one word will be "“stepped on" by the beginning of the
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Figure 10-2:; Voice input amplifier circuit schematic,
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Figure 10-3. Amplifier "ear" which hangs on H.E.N.R.X.
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Figure 12-1. Video monitor driver circuit hookup inside the
computer.

diodes. 0One other is placed between IC1 pin 16 and the
transistor base and one 1s placed between the +5 wvolt supply and
the collector of the transistor. It works perfectly now, just
like the expensive computers. By the way, with this

modification you can leave the modulator hooked up and in fact
you can drive both a wvideo monitor display and a television
display at the same time. [ have found this handy in letting
others see what's happening on the computer when you have an
audience,

ZX PRINTER AND THE TS2068

The only thing preventing the operation of the Sinclair ZX
Printer with the TS2068 is the lack of a 9 volt supply. All
other pins on the ZX Printer are compatible with the TS2068
peripherial connector on the rear of the computer. [ made the
printer work by connecting a power socket to the ground pin and
the © volt pin of the printer. 1 did this by soldering the
leads of the power socket to an extender board inserted between
the computer peripherial connector and the printer edge
connector. The same modification can also be made by removing
the cover from the printer edge connector and soldering the
power socket leads to the edge connector.

Here is a step by step description of the printer edge
connector modification. Turn the connector upside down,
exposing the screw heads. Remove both screws, noting that the
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