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preface

Every person has a certain fascination with robots. Some of us are
intrigued enough to try to build one. Robotics is one of the most interest-
ing results of today’s advanced technology. It combines electronics and
mechanics with biology and psychology, raising questions about the
definition of “intelligence.”

The invention of the integrated circuit (IC) chip and the con-
sequent development of microcomputers have revolutionized the field of
robotics. With microcomputers, the great amount of logic circuitry pre-
viously required for robots can be discarded in favor of software. There-
fore, the cost of robot building drops considerably.

"Microtron” ("Mike”), the robot detailed in this book, uses the
ultimate in current hobby computer technology. Despite his complexity,
Mike is well within the budget of the average hobbyist. Mike is not
difficult to build. The only technical requirements for building him are
the ability to read and understand an electronic circuit diagram, and a
reasonable mechanical ability.

Mike operates in either of two ways. He can be totally indepen-
dent, exploring an area with his various "senses,” or he can be operated
manually from a control box.

Mike is built in three main stages. As you complete each stage of
your Mike’s construction, he becomes more complex, more independent,
and more "human.” You'll have fun building and working with him, and
you will experience the thrill of creating a type of intelligence observed
only by robot builders.

[ want to thank the members of the Amateur Computer Group of
New Jersey, whose suggestions have helped make Mike what he is
today. I also want to give special thanks to my family without whose
support and encouragement Mike would not have been possible.

ToD LOOFBOURROW
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chapter

one
introduction
to

“mike”’

The guestion most commonly asked about robotics is, “Why build a
robot?” If the idea of having a robot to act as your companion,
entertainer, or slave does not intrigue you, perhaps one of the following
reasons will. One reason for building a robot 12 that it is an exciting way
to learn about electronics and microcomputers. You can also learn the
actual limits of our present technology and perhaps make improve-
ments in it. Other reasons are the fun of building a robot and the
excitement of watching your creation “come to life.” However, the most
important factor comes from an inner curiosity about nonhuman forms
of intelligence. Motivation to create this intelligence is the driving force
behind most roboticists.

Hobots can be thought of as representing a step in evolution. As
man evolved, he became more and more intelligent. Now man is at-
tempting to create intelligence in the form of robots. Robots are almost
an extension of man's intelligence.

As you proceed with Mike's construction, he evolves in his own
way in a sense. He is built in three stages. In Stage I, he is operated by
means of a joystick, and he is totally under your control. Unfortunately,
if you should happen to drive him into a barrier, he has no provision for
resisting your command. In Stage II, Mike becomes independent. He can
*zee” and "feel” his environment and can react accordingly. In Stage III,
Mike gains the ability to hear and respond to whistles and certain voice
commands. Stage III also contains various ideas, as yet not im-
plemented, for Mike's further development.

1



2 How to Build a Computer-Controlled Robot

stage |—mobility

In the first stage, the mechanics of Mike are constructed. His basic
triangular framework is constructed of angle aluminum. It houses his
power supply, which is a 12 V car battery. His mobility is provided by
three motorized wheels. Mike is controlled with a joystick that is con-
nected to him by a thin cable. You can make him move at five speeds
forward and five speeds reverse, his top speed being about walking
speed. He can also be made to turn at angles from 0° to 60° in either
direction by rotating his front wheel with a motor.

At this stage, Mike is about 14 in. high and is shaped somewhat
like a spearhead. Each side of his triangular frame 15 23 in. long. On top
of the frame rests Mike's brain, a Kim— 1 microcomputer ("micro” for
short).” The Kim directs Mike's operation and allows him to execute
your commands. The joystick sends out two voltages to an analog-to-
digital (A/D) circuit. The A/D circuit converts these voltages to digital
values, which are stored in the microcomputer. Through these values,
the Kim can determine the turning angle of the front wheel and the
speed at which Mike is moving and compare these with your commands.
If your commands differ from the actual position of the front wheel or
from the speed of the motorized wheels, the position or speed is changed
until it meets your command.

I have found that with Mike’s three wheels he iz powerful enough
to push or pull 150 1b or carry over 600 lb with ease. You can test him
over a variety of terrains to determine the limits of his capabilities. His
three main circuits —the power supply circuit, the speed control circuit,
and the directional control circuit—are mounted on the sides of the
triangular frame. The Kim- 1 rests on a sheet of /2-in. plywood, which is
bolted to the top of the aluminum frame. The Kim is connected to three
circuits —the power supply circuit, the A/D circuit, and the inverter
circuit. The power supply circuit supplies the Kim as well as the logic
circuitry with power. The A/D circuit allows the micro to compare

*The terms Kim—1. Kim, Mirro, Microprocessor, Microcomputer, Coemputer, Processor,
and Mike's brain will be used interchangeably throughout this book.
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commands from the joystick with the actual position of the front wheel.
The inverter circuit changes the output of the micro from logic 1 to logic
0. This ecircuit leads to the speed control and the directional control
circuits, which in turn lead to the motorized wheels and directional
control motor, respectively.

During most of Stage I, Mike remains totally under vour control.
The only actions of which he is capable are those dictated by the joystick.
At the end of the Stage I section of this book, there is a program that
provides Mike with a certain amount of independence prior to the second
stage of development. This program is called the self-direction program.
The self-direction program causes Mike to move in a predetermined
pattern. The pattern can be changed by changing the values in two
tables that are stored in the computer. I have included a program for a
pattern that forms an asterisk and one that forms a cloverleaf pattern. It
should not be hard for you to write programs for your own patterns once
you understand the basic concepts of the self-direction program.

At the completion of Stage I, Mike will have become a robot more
on the order of a machine than a cvborg (humanoid robot).

stage ll—independence

In the second stage of construction, Mike becomes independent.
Now a true robot, he makes his way about an area totally independent of
a controller. Mike looks different from the way he did in Stage 1. Around
his original triangular framework is an eight-sided frame. Although
Mike is still 14 in. high, he has expanded to 27 in. in width and has
begun to look like the base of a full-sized robot.

In Stage IT, Mike is equipped with ultrasonic "sight.” His "eye” isa
small, ultrasonic transducer which sends out every quarter of a second a
wave of sound inaudible to the human ear. By noting the length of time
required for the sound wave to be reflected back to the transducer, Mike
can determine the distance of an object in his path. When something
blocks his path, he "sees” it with his ultrasonic sensor. He backs up,
turns to the right, and proceeds on his way, avoiding the obstacle. The
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range of the ultrasonics can be varied from 1 in. to more than 10 ft by
changing one number in the computer.

If Mike's ultrasonics don’t see an object in his path (perhaps be-
cause it is too far to one side), contact with the object is made by the main
sensory system —the impact sensors. The impact sensors feel that an
object is contacting them, and Mike moves away from the object. The
impact sensors absorb much of the impact of contacting an object. There-
fore, Mike touches objects so lightly that you can actually let him bump
into you. Each one of Mike’s eight impact sensors contains five ribbon
switches sandwiched between two sheets of aluminum. Each sensor 1s
attached io one side of Mike’s eight-sided frame.

The reaction that Mike has when ene of his impact sensors is hit
depends on which sensor receives the impact. For example, if the front
impact sensor is contacted, Mike quickly backs away from the object he
touched. Then he turns right and proceeds forward. Contact with a side
sensor causes him to back up and turn away from the side that was hit.
Mike's movements in reaction to each sensor impact are determined by a
table of values stored in Mike’s "brain.” This table can be changed easily
to give Mike sensor responses as complex as vou wish. The impact sensor
responses | include for Mike enable him to seek out and pass through
doorways. The system allows Mike to find his way into, around, and out
of a room.

On occasion, a low-level object such as a curb may not come into
contact with the impact sensors or be in the range of the ultrasonic
sensors. In that case, Mike touches the object lightly with a soft rubber
feeler. This contact triggers a switch that makes Mike react as he does to
an impact sensor hit. The feelers ride about 2 in. above the ground and
will detect nearly any obstacle Mike may encounter. Each feeler con-
tains an SPDT-center-off-momentary-contact toggle switch. Two feelers
are located near Mike's front, and two are located in back.

At the end of Stage II Mike is an independent robot. Of course, you
can take control of him at any time by plugging in the joystick and
loading the joystick control program. It is fascinating to watch Mike
move around, “seeing” objects before he comes near them and following
the behavior patterns that you have programmed.
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stage lll—advanced
sensory systems

In Stage III. Mike is enabled to recognize and respond to whistles
at certain frequencies and to voice commands. This stage is presently
being worked on by the author. At all times, Mike is listening. He is
comparing any sounds that come into his “ear,” (a mierophone) with
word templates that are stored in the computer. When the sounds match
one of the templates to a reasonable degree, Mike determines that he
has heard one of the words he knows. Immediately, Mike executes the
action or actions specified by the word. For example, if Mike recognizes a
“left” command. he turns left. As the voice circuit and program have
been tested and improved, Mike has progressed from whistles to words.
Whistling at a constant frequency is relatively easy for Mike to discern.
Spoken words are much more difficult. A large amount of testing and
modification has been necessary in order for Mike to recognize spoken
words.

As I have already said. words are matched by comparing them
with templates. You form these templates through a special program
called the template control program. You can place any reasonably
short words or sounds in the templates. The templates are stored in the
computer to wait for a matching word or sound to be said. The nature of
voice recognition is such that only your commands will be heeded. No
one else’s voice will match vour templates.

The last halfof Stage [II is devoted to the future plans  have for my
Mike. One such idea is for using an image sensor camera. An image
sensor camera produces a black and white picture. It could be used by
Mike actually to "see” his environment. Through the use of this camera,
Mike could also be able to pick out certain objects that he recognizes in
his surroundings.

Another system that [ plan to add to my Mike is a voice. Mike
would be able to respond verbally to voice commands or to talk 1f it were
appropriate. In addition, I am going to build an upper body on Mike’s
eight-sided frame. I have not yet determined the exact shape that I want
his body to assume, although I believe that his height will be about 5 ft.
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1 am planning to add one or two arms to Mike so that he can
manipulate as well as explore his environment. The claws on the arm(s)
will contain a type of force sensor so that Mike can apply the ideal
amount of pressure to pick up various objects.

Two final additions that I would like to make to Mike are a video
terminal and a keyboard. The video terminal and kevboard would be
used {or testing the image sensor camera and for loading in software. [
expect that they will also enable me to create a control language for
Mike, with instructions that apply directly to Mike's operation.

As you proceed with vour Mike's construction, keep track of your
progress with the checklist on the following page. As vou complete each
step, check the space to its left and date the space to its right.

Now yvou're ready to begin!
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CHECKLIST

Date Completed

Lower Triangle

Upper Triangle

Battery Cage

Directional Control Assembly
Power Supply Circuit
Speed Control Circuit
Directional Control Circuit
A/D & Inverter Circuits
Joystick

Directional Control Pot
Kim-1, Mounted

Joystick Control Program
Self-direction Program

Outer Frame

Impact Sensors

Impact Sensor Circuitry
Impact Sensor Control Routine
Ultrasonic Detection Circuitry
Ultrasonic Detection Program

Voice Recognition Circuitry
Interrupt Software

Body

Speech Synthesis

Video Terminal & Keyboard
Arm(s)

Image Sensor Camera



chapter

two
constructing
the

basic
framework

Basic Framework Parts List:

3 motorized wheels (see text)

1 directional control motor {see text)

20 feet of 1- by 1- by Ye-in, angle
aluminum

1 12-V 84-A-hr car battery and charger (see
text)

28 345 by Vzin. stove bolts

28 3gin. nuts

12 3hgin. flat washers

28 35in. lock washers

9 inches of 1= by Yein. flat aluminum

A 2-ft by 2-1t square of ¥2-in. plywood

12 No. 6 Vz-in. wood SCrews

3B inches of screw rod Yein. to V=in. in
diameter

20 nuts (to fit screw rod)

12 lock washers (to fit screw rod)

2 gears, 10:1 ratio, the larger one
approximately 5 in. in diameter and
the smaller one approximately
2in. in diameter.

1 tube of instant bonding glue

This chapter deals with the construction of Mike's innermost frame.
Although building the basic triangular frame is one of the most time-
consuming steps of the project, the strength and stability of the end

8
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product will pay off in the long run. This chapter also details construc-
tion of the direction control assembly and the mounting of the motorized
wheels that provide Mike with his mobility. Once you have completed
the frame, you will build a housing for the 12-V battery that powers
Mike. The bulk of Mike's Stage I construction will then have been
completed.

lower triangle

Mike's inner frame is triangular in shape. I selected a three-sided
construction for stability and practicality. The triangle is one of the
most stable geometric shapes. A triangle requires only one steerable
wheel. Finally, a triangle needs only three wheels, one less than re-
quired by a square or a rectangle.

To construct Mike's lower frame you will need three motorized
wheels (see Appendix). Together these wheels can carry up to 600 1bs at
walking speed. This capacity is more than enough for Mike, who will
never weigh more than 200 Ibs. When you order the motorized wheels, [
suggest that vou also order Mike's directional control motor, which will
be used later.

While waiting for these items to arrive, you should begin prepar-
ing a frame for the wheels. Cut three 23-in. pieces of angle aluminum.
Then cut off sections of each piece of aluminum as illustrated in Fig.
2— 1. You will be cutting off two 3%/z- by Vs-1n. rectangles from each piece
of aluminum.

23 in. i

-5

T
7 7 /.x

L—}—IIE in.-lo-- |6 in.— !- 3~h’2in.—-l

Fig. 2-1. Aluminum side of lower triangle. Cul out shaded pieces.

When your wheels arrive, notice that each wheel is mounted on a
shaft (Fig. 2— 2). Notice further that each shaft is set in a circular disk
shaped like a petrie dish. The shaft can rotate freely in this disk. You
will notice that located on the disk of each wheel is a small metal stop
protruding below the disk. Observe also that two other stops attached to
the wheel frame but not to the disk, extend underneath the disk. This
arrangement prevents the shaft from rotating much more than 360°.
Turn the disk-mounted stop so that it faces 180° from the motor. Now
you are ready to construct the frame.
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Fig. 2-3. Lower triangle attached to wheels.

Place the front wheel so that its motor faces backward, and place
the back two wheels so that their motors face forward. Next, line up the
three 23-in. pieces of aluminum with the disks as shown in Fig. 2-3.
Make sure that the 16-in. face of each piece of aluminum is turned
upward. Drill a #1e-in. hole through the aluminum and the disk in all six
places, as shown in Fig. 2- 3. Bolt the aluminum to the disks. The order
of the items that make up each bolt should be as follows: head of 31s- by
Y%-stove bolt, flat washer, aluminum, disk, flat washer, lock washer, nut.
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The nut should be held with a wrench as the bolt is tightened. The
aluminum is bolted to the disks, and the lower triangle is now completed.

Because of his triangular shape, Mike requires only one steerable
wheel. Therefore, the back two wheels must be locked in place. Turn the
back wheels so that the tires are facing straight forward. (The motors
should still be facing front.) Then take a small flat piece of aluminum,
approximately 2Ys in. long and 7s in. wide. (This can be cut from your
angle aluminum by cutting at the vertex of the angle.) Put slightly less
than 12 in. of it in a vise and pound the remaining *s in. over to one side
until you have formed a 90° angle. Next locate the large square plate
that is directly below the disk on the wheel. Drill a #s-in. hole in this
plate about 1 in. to the right of the disk-mounted stop. Take the piece of
aluminum you have bent and put the 1%2-in. side flush against the back
piece of aluminum. The ¥s-in. side should extend over the haole in the
plate of the wheel. Mark the place where the hole comes into contact
with the aluminum and drill another #:6-in. hole in the aluminum. Now
bolt the aluminum to the plate. (When I use the term "bolt,” I mean use a
318- by ¥2-in. stove bolt on one side of the bolted material and a lock
washer and nut on the other side.) Drill one more %16-in. hole through
both pieces of aluminum (the bent piece and the back piece of the
triangle) and bolt them together. Do the same thing to the other back
wheel.

Fig. 2—-4. The assembled lower triangle.



12 How to Build a Computer-Controlled Robot

upper triangle

The next stage in Mike’s construction is the completion of the
triangular framework. Because the shafts of the wheels are set loosely
in the disks, the wheels tend to wobble. To eliminate this problem, a
second triangular frame is built above the first. This frame not only adds
support to the wheels but it also strengthens Mike’s skeleton.

The first step in making this frame is to cut six 7-in. pieces of angle
aluminum. Then cut a rectangle out of each piece as you did in construct-
ing the lower triangle (Fig. 2-1) but cut only 1 in. down the side of the
angle instead of 3% in. Now balt two of these pieces to each side of the
lower triangle as shown in Fig. 2— 5. The 5-in. side of each piece of angle
aluminum should be facing to the right.

—
I ° 24 |

|—— ﬁim—-i |-— 51'11.—'-[

Fig. 2-5. Aluminum bolted to each piece of lower triangle.

The next step in constructing the upper triangle is to build the
triangle itself. Cut three 23-in. pieces of angle aluminum. Take each
piece and hold it so that only one face of the angle is visible to you. Now,
starting at the vertex of the angle, draw a line 30° to the face of the
aluminum that you cannot see. Do the same on the other end of the
aluminum. Cut along both lines (Fig. 2—6). Repeat the process on your

Lo =7
e 2 |

23 in.—

Fig. 2—-6. Aluminum side of upper triangle.

other two 23-in. pieces of aluminum. Now cut an equilateral triangle,
23 in. on a side, out of ¥2-in. plywood. Cut off the corners into three
equilateral triangles, 6 in. on a side. Save the remaining piece of wood
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because it will be used later. In the meantime, take the 6-in. triangles
and cut them down to 5Y4 in. on a side. Form a triangle using your three
23-in. pieces of aluminum. Then shove the three plywood triangles into
the corners. Obtain 12 wood screws and find a drill the same diameter as
the shaft of each screw, less the threads. Using this drill, make 12 holes
through the aluminum and the wood as shown in Fig. 2— 7. Now locate a

Fig. 2-7. Upper triangle mounted to wood with wood screws.

drill with a diameter equal to the entire shaft of each screw, including
the threads. Enlarge the holes in the aluminum with this new drill. Do
not, however, drill into the wood. When this is done, place the screws
through the aluminum and screw them into the wood. The upper
triangle is now completed.

The last step in constructing the triangular frame is to bolt the
upper triangle to the rest of the frame. To do this, lay the upper triangle
on the six 7-in. braces that you bolted to the lower frame. The wooden
triangles should rest on the shafts of the wheels. Straighten the shafts of
the wheels in their disks and mark the spots where they hit the wooden
triangles. Then remove the upper triangle. Using a ¥s-in. drill, make
holes through the wood where it was touching the shafts of the wheels.
You may have to remove the wood from the upper triangle in order to
drill the holes. Place the upper triangle back on the frame, sliding the
shafts of the wheels through the holes in the wood. If the shafis do not fit
in the holes, sand the holes a little until they do. The triangle should be
on the inside of the braces, resting on their inward-pointing faces.
Next, drill a %s-in. hole through each brace and through the point
where it hits the upper triangle, and bolt the upper triangle to the
braces. Now Mike’s basic inner skeleton is finished, as shown in

Fig. 2-8.
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Fig. 2-8. Assembled frame.

battery cage

The third step in Mike’s construction is the building of a housing
for his power supply, a 12-V 84-A-hr car battery. It is necessary that you
get such a battery and a charger for it. The battery that [ used has a base
measuring 6%s in. by 10 in. If your battery has a different base size, you
will have to modify the instructions to accommodate it. [ suggest that
you read this section carefully so that you understand the basic concepts
of the battery cage’s construction.

In addition to a battery and a charger, vou will need 38 in. of screw
rod. The serew rod can be anywhere from Vs in. to Y2 in. in diameter. Cut
the rod into four pieces, each 9%z in. long. Using 1- by 1- by /s-in. angle
aluminum, cut four pieces, two 6% in. long and two 12 in. long. Arrange
these pieces in arectangle, asin Fig. 2- 9. Your battery should be able to

Fig. 2-9. Arrangement of aluminum to form battery cage.
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fit into the rectangle. Next, drill a hole large enough to accommodate
your screw rod in each of the four places where the aluminum overlaps.
Push the four pieces of screw rod through these holes so that they extend
about Y2 in. below each hole. Screw a nut onto the screw rod below the
aluminum and wind a lock washer and a nut above it, tightening these
until the rod is locked rigidly in place.

Take the rectangular assembly that you have just constructed and
align one of the 6%1-in. sides directly under the back of the triangular
frame. (You will have to raise the frame above the ground in some
manner, possibly by placing it on blocks.) Center the battery cage so that
the two posterior pieces of screw rod (the ones under the lower triangle)
are equidistant from the back wheels. Then mark the spots where they
touch the horizontal face of the angle aluminum. Drill a hole big enough
to accommodate the screw rod at each of these two spots.

To mount both ends of the battery cage, you need a piece of angle
aluminum 10 in. long. Cut one face of the piece in the same way you cut
the braces of the triangular frame. One face should now be 8 in. long, the
other 10 in. With the 8-in. side facing you and pointing down, cut the
10-in. side as shown in Fig. 2-10. The 2-in. section removed from the
piece of aluminum allows room for the directional contrel motor.

4, f 2in, | 4 in.

g iy
77;01___ s I . 150\

I # ¥ |
| F) A
! - 10in. !

Fig. 2-10. Ten-inch face of aluminum for mounting battery cage. Dotled line
shows position of eight-inch face.

Locate the piece of aluminum that forms the back of the lower
triangle. Now, holding your newly made 10-in. aluminum piece as seen
in Fig. 2— 10, lay it on the lower triangle so that it is parallel to this back
side. The piece should be resting on all sides of the lower triangle except
the back one. Make sure that an object 10 in. long can just barely fit
between this piece and the back side of the lower side of the triangle.

To mount the battery cage in the frame, raise the frame above the
ground. Then place the battery cage so that two pieces of screw rod are in
the holes that you drilled for them in the back of the lower triangle. The
two other lengths of screw rod should touch the bottom of the 10-in. piece
of aluminum. Mark the spots where they touch and drill holes large
enough to accommodate your screw rod at each of these two places. Now
place the battery in the cage and twist a nut and a lock washer onto each
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piece of screw rod. stopping about 3%z in. from the top _of the rod. Push
the screw rod through its four designated holes and twist a nut on each
piece, turning it until the battery cage is locked solidly in place. The
bottom of the battery cage should ride about 2 in. above the ground, as
shown in Fig. 2-11.

%___

7, gi' 2

LOWER

: TRIANGLE

I

Fig. 2-11. Battery cage positioned within the trame.

The only operation remaining in the construction of the battery
cage is the anchoring of the battery itself. This anchorage is accom-
plished by cutting four pieces of angle aluminum, each 1 in. in length.
Drill a hole large enough to accommodate your screw rod in one face of
each piece. To determine the position of the hole, place one of the 1-in.
pieces flat on top of each piece of screw rod. Push each piece up against
the rod so that both faces of the angle touch the rod. Mark the spot where
the top of each rod touches the aluminum and drill your hole at that
point.

After drilling the holes in the 1-in. pieces, slide them onto the four
screw rods, as shown in Fig. 2- 12, Then put a lock washer and a nut on
top of each piece and screw the nuts down until tight. The battery should
now be locked rigidly in place within the frame.

directional control assembly

The directional control assembly consists of a motor for rotating
the front wheel and 4 gearing arrangement to slow down the speed of
rotation to a reasonable level. To construct the assembly, vou must
obtain two gears. (These should be available at a local gear or machine
shop.) The gear ratio between the two gears should be approximately
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Fig. 2-12. Anchoring battery in cage

10:1. In other words, the larger of the two gears should have 10 times as
many teeth as the smaller gear. If possible, the larger gear should be
about 3 in. in diameter, although it can vary from 3%z in. to 62 in. The
larger gear should have a hole not larger than %s in. in its center.

The larger gear has to fit on the shaft of the front wheel. Therefore,
it isnecessary that you drill a #1-in. hole in the center of the gear. If you
do not have the proper equipment to drill a #:-in. hole in your gear, vou
may be able to have it drilled at a local machine shop. Remove the upper
triangle from the triangular frame and slide vour large gear onto the
shaft of the front wheel. Slide the gear as far as it can go, until it hits the
spot on the shaft where two wires protrude. Once the gear isin place, the
upper frame can be bolted back as before.

On the output shaft of the directional control motoer is a pulley.
Remove the pulley by opening the gearbox and dislodging the output
shaft. Then the output shaft can be pulled out and the pulley removed.
After replacing the output shaft, drill a % s-in. hole in the center of the
smaller gear. Slide it onto the output shaft until the top of the shaft is
flush with the top of the gear. The gear should be difficult to slide on the
shaft and may have to be pounded on with a hammer. Secure the gear on
the output shaft with a drop of instant bonding glue.

The last step in constructing the directional control assembly is
the mounting of the geared-down motor. The motor comes mounted in a
black plastic gearbox. You will notice that out of one end of the black
plastic gearbox extends a small cylindrical piece of plastic. This piece of
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plastic interferes with the mounting of the motor and should be cut off.
Cut a piece of 1/2- by ¥s-in. flat aluminum 7 in. long, and cut each end_ at
a 60° angle. At the same time, cut two parallelograms, each 1 in. wide
(Fig. 2— 13). Locate the center of your 7 in. piece and cut out a U-shaped
section 1 in. deep and ¥s in. wide around the center. Now turn your
directional control motor so that the small gear is facing away from you
and the motor is facing toward you. Notice that the two screw holes
protrude to the sides. Hold the 7-in. piece of aluminum facing as shown
in Fig. 2-10 and place it on the black plastic gearbox. The small gear
should be within the U-shaped opening, and the piece of aluminum
should cover the two serew holes. Mark the places where the aluminum
covers the screw holes and drill a %1s-in. hole at each spot. You may also
have to enlarge the screw holes in the gearbox with the drill. Now bolt
the aluminum to the directional control motor.

—~] l-: 34 in.
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Fig. 2-13. Flal aluminum to be used for mounting directional control motor. Cut
on dotted lines.

Glue one of the parallelograms, which you have cut previously,
under each end of your 7-in. piece. Now place the 7-in. piece toward the
front end of the lower triangle, making sure that it is parallel to the back
of the triangle. Slide the aluminum (and the directional control motor)
forward until the small gear meshes with the large gear. Then drill a
¥16-in. hole through each end of your 7-in. piece and through the side of
the lower triangle. Now that the directional control motor is mounted
firmly in place, Mike's inner structure is complete.
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and
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Power Supply Circuit Parts List:

Perf board. 4%z in. by 8%z in. 4 cable ties

110 A 100 V diade 6 ¥1e- oy Vz-in stove bolts
23 0111 W resistors 6 ¥igin. nuts

1 two-pin connector 6 ¥sg-in. lock washers

G fuses

17 Aslow blow
120 A slow blow
18A slow blow
11A
215A
7 capacitors
2 13,000 uF 15 V electrolytic
1 1000 pF 15 V electrolytic
4 0.1 uF 50 V disc
2 MC 78035 regulators (TO-3 cases)
2 heatsinks for 7B05s (see text)
1 SPDT switch
3"z inches of 1- by 1- by "fe-in. angle
aluminum

19
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Speed Control Circuit Parts List:

Perf board. 4%z in. by B'zin. 6 ¥1e- by Yi=in. stove bolts

1 SPDT switch 6 ¥He-in. nuis
13 resistors 6 3g-in. lock washers

139KkD YW 43 inches of 1- by 1- by Vgin. angle
247 k(YW aluminum
127 k2 W
133k 2 W
136k YW
133010 e W
139010 a2 W
14700 Y2 W
156042 W
147001 W
110010W
1150k W
& transistors
4 RS 2012 (Radio Shack)
2 HEP 50019 (Motorola)
1 RS 2006 (TQ-3 case) (Radio Shack)
1 SK 3036 (TO-3 case) (RCA)
2 heatsinks
1 tor RS 2006 (see lext)
1 for SK 3036 (see text)
2 dindes
11A100V
110A 100V
1 relay (Radio Shack No. 275-208)
2 capacitars
1 0.001uF 50 V disc
10.1uF 50V disc

Directional Control Circuit Parts List:

Perf board, 4%z in. by 6'zin. 21 A 100V diodes
13 inches of 1V by Yein. flat aluminum 2 relays (Radio Shack Mo. 275-208)
B 3t15- by zin. stove bolts
8 ¥e-in. nuts
8 ¥ye-in. lock washers
12 resistors
21500 Y2 W
23300 W
233D VW
24Tk VW
227k} 2 W
233w
6 transistors
4 RS 2012 (Radio Shack)
2 RS 2006 (Radio Shack)
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To provide Mike with his mobility, three main circuits must be built.
The first of the three, the power supply circuit, provides 5 V for Mike’s
other circuitry and his microprocessor or "brain.” The circuit also allows
for connecting a battery charger when Mike's battery runs low on power.
The speed control circuit permits the microprocessor to control the
operation of the motorized wheels. It contains a relay for reversing the
motors to provide both forward and backward motion. The directional
control circuit provides the microprocessor with the ability to rotate the
front wheel. By activating either the “turn left” or the “turn right”
portion of the circuit, the microprocessor can make Mike move in almost
any direction.

power supply circuit

The power supply circuit is designed to output 5 V for use by the
microprocessor and by the logic circuitry (Fig. 3—1).* The circuit uses
two 7805 regulators, which are designed to produce +5 V from an input
of -7 V to -35 V. Make sure that the 7805s that you buy are in TO-3

12V
BATTERY g:l‘fg: FinnE in * :Lfl.sf
nw ;
MC +5V +5v¢
® e LOGIC
Ormt :»:D}rfv

+5V
MICROPROCESSOR

FUSE
& 20A 5 OwBLOW + TOSPEED
— U—_)Hﬂ CONTROL CIRCUIT
FUSE
BATTERY BA  SLOWBLOW TO DIRECTIONAL
CHARGER ! CONTROL CIRCUIT
: S FI12V
CONNECTORS 255
_,'.\l__% TO +12 v LOGIC AND
*70-3 CASES: MICROPROCESSOR
HEATSINKS REQUIRED +I2V

Fig. 3-1. Schematic of power supply circuit.

= An additional 1,000 uF @ 15 V is needed at +35 input at microprocessor. Also each
motorized wheel and the directional control motor should have 0.1xF & 50 V bypass at
terminals of motor.
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cases. Also try to get heatsinks that are roughly cubical in shape. The 3
) 11 W resistors shown in the circuit diagram reduce the +12 V from
the battery to +9 V in order not to overburden the regulators.

The power supply circuitry should be built on a piece of perforated
{perf, for short) board approximately 4"z by 82 in. Three parts of the
circuit are not mounted on this piece of perf board. The two 13,000 uF
capacitors are tied by cable to the 7-in. braces of the triangular frame on
either side of the back left wheel. The capacitors are placed in the angle
of each brace and tied securely. Another part of the circuit that is not
mounted on the perf board is the "on-off” switch. This switch is posi-
tioned on the leg of the lower triangle that connects the back left wheel
with the front wheel. about 8 in. from the front of this piece of alumi-
num. It is mounted on the horizontal face of the aluminum. Wires are
run from the switch to the power supply circuit. The third and last part
of the circuit that is not mounted on the perf board is the connector for
attaching the battery charger. The connector is mounted on the upper
triangle, directly above the place where the "on-off” switch is posi-
tioned on the lower triangle. Unlike the switch, the connector is
mounted on the vertical face of the aluminum.

A few points are essential in the lavout of the power supply circuit;
otherwise, its design is up to vou. Place the piece of perf board flat on a
table with the BY2-in. side facing you. The two 7805 regulators should be
mounted approximately in the center of the perf board, one heatsink
/2 in. above the other (Fig. 3-2). On both sides of the regulators go the
fuses in fuse holders, the diode, and the two resistors.

Fig. 3-2. Power supply circuit mounted on frame.
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The heatsinks on the power supply circuit facilitate its attachment
to Mike’s triangular frame. Cut two pieces of 1- by 1- by Ys-in. angle
aluminum, each 1% in. long. Now bolt one face of one of the pieces to the
top edge of the upper heatsink and one face of the other piece to the
bottom edge of the lower heatsink. Use two bolts to anchor each heat-
sink. The other face of each piece should be flush with the front of the
heatsinks. Place the circuit in between the upper triangle and the lower
triangle on the left leg of the frame (Fig. 3- 3). Keep the circuit as close
as possible to the back left wheel. Now bolt the angle aluminum at-
tached to the heatsinks to both levels of the triangular frame.

FOWER SPEED
SUPPLY CONTROL
CIRCUIT CIRCUIT

' DIRECTIONAL !
i CONTROL CIRCUIT!

Fig. 3-3. Position of three main circuit boards.

speed control circuit

The speed control circuit consists of two main parts (see Fig. 3-4).
The first part, the forward— reverse control, amplifies the input from the
microprocessor s0 that it can control the direction of the motorized
wheels through the relay. If the relay is in the released condition, Mike
moves backward. However, if the relay is operated by the microproces-
sor, Mike moves forward. The second main part of the circuit, the speed
control, allows Mike to control the speed of his motorized wheels. This
portion of the circuit amplifies the logic level of the micro to drive the
main power transistor, the SK 3036. The microprocessor can change the
speed of Mike’s motorized wheels by varying the number of "motor on”
and “"motor off’ cycles. Every millisecond or ms (1/1000 of a second) the
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computer checks to see whether the speed control portion of the circuit
(and consequently the motorized wheels) should be “on” or “off.” By
changing the proportion of “motor on” to “motor off” cycles, Mike can be
made to move at different rates of speed. For example, slow speed calls
for the speed control to be activated one out of every 10 ms. For medium
slow speed. the motors are on for two out of every 10 ms. Top speed is
achieved by having the motor on all the time. The role of the micro-
processor in controlling the speed control circuit will be explained in
greater detail in the chapter on software.

Fig. 3-5. Spesd control circuit mounted on frame.

A few points are essential in the construction of the speed control
circuit (see Fig. 3—5). Only two transistors in the circuit require heat-
sinks, the SK 3036 and the RS 2006. Both transistors should use the
same kind of heatsink used for the 7805s in the power supply circuit, the
type that facilitated its mounting to the triangular frame. The speed
control circuit is built on a 4%2- by 8Y2-1n. piece of perf board. The
SK 3036 should be placed about 1 in. from the right zide of the perfo-
rated board. The circuit is mounted on the triangular frame by cutting a
piece of angle aluminum 4%z in. long and bolting one face of it to both
heatsinks and the other face to the vertical face of the lower triangle. As
with the power supply circuit, use two bolts to anchor each heatsink. Use
two bolts also to anchor the aluminum to the frame. The speed control
circuit should be mounted on the leg of the lower triangle connecting the
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back right wheel with the front wheel, as shown in Fig. 3-3. Locate it
between the upper and lower triangles. . ‘

The 10 A 100 V diode in the speed control circuit prevents transi-
ents generated by the motorized wheels from destroying the SK 3036.
Originally, when I constructed the circuit, [ used a 1-A diode in place of
the 10-A diode. A sizzling noise and a large cloud of smoke soon informed
me that a larger diode was required. I still can’t believe the amount of
smoke one tiny diode can produce. I replaced the old diode with the
present 10-A diode, but my perf board still bears the mark of my disas-
ter.

The only other essential point in constructing the circuit is the
mounting of the disable switch. This switch disables the speed control
circuit. It should be positioned in the center of the back leg of the upper
triangle. Make sure that you mount it on the vertical face of the alumi-
TIUIT.

I have found the disable switch to be invaluable for testing Mike. It
has also been very useful as a fail-safe device when debugging software.

directional control circuit

The last of the three main circuits, the directional control circuit,
is simple in concept (see Fig. 3-6). Essentially, the circuit contains two
separate circuits, one for turning right and the other for turning left. A
signal from the microprocessor on either the “turn left” or the “turn
right” line is amplified and sent to the proper relay. The front wheel is
rotated for the duration of the signal. If somehow both the “turn left” and
the “turn right” lines are activated, the directional control motor is
disabled temporarily to prevent a short.

The entire directional control circuit is built on a 4Y2- by 6Yz-in.
sheet of perf board (see Fig. 3—7). When mounting components on the
board, leave a Y2-in. border on all sides. The 4.7 (2 10 W resistor, shown
in the circuit, limits the current going to the directional control motor in
order to slow down the speed of the motor. The resistor dissipates a large
amount of heat and therefore should be mounted =0 that it is not touch-
ing the perf board. To prevent scorching the board and to allow for
proper heat dissipation, leave about Y4 in. between the resistor and the
board.

None of the transistors requires heatsinks because of the circuit’s
low power consumption. Therefore, the circuit must be mounted by
means other than heatsinks. Cut two pieces of 1%2- by ¥s-in. flat alumi-
num 6%z in. long and lay them 3%2 in. apart on a table. Now place the
directional control circuit, component side up, on top of both pieces. The
circuit should overlap 2 in. on each piece. Drill two holes through each
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o ¥
il
=4

Fig. 3—7. Direclional control circuit mounted on frame.

end of the perf board and the place where it overlaps the aluminum. Bolt
the circuit to the aluminum. Next place the circuit with the aluminum
attached up against the back of the triangular frame (Fig. 3-3). The
6'/2-in. pieces of flat aluminum should make contact with the back legs
of the upper and lower triangles. Drill two holes in each piece of flat
aluminum at the points where it contacts the upper or lower triangular
frame. Now bolt the flat aluminum to the frame. Mike's three main
circuits are now complete.
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four
secondary
circuits,
the
microcomputer,
and
software
Parts List:
1 Kim=1 microcomputer (see text) 3 inches of black electrical tape
6 3¢ by Y+-in. stove boits 2 No. 4 '/e-in. wood screws
6 Fre-in. nuts 1 No. 6 V=in. wood screw
6 416-in. lock washers 1 3g-in. nut
7 =in. spacers 2 inches of 1%z by Ye-in. flat aluminum
T No. & 1-in. wood screws Perf board, 3z in. by 3%zin.

1 joystick with 5 k{} potentiometers
1 10 k{1 potentiometer
1inch of wood doweling 3e-in. in diameter

A/D Circuit Parts List:

Perf board, 4%/2 in. by 3%z in. 8 ¥1e- by 'z-in. stove bolts
1 LM 339 quad comparator IC 8 ¥ein. nuts
1 14-pin low-profile IC socket 8 31ein. lock washers

B resistors (all '/z watt)
11k
3 3knN
22000
2 10k}
5 capacitors
4 .1 uF 50 V electroiytic
110 uF 15V electralytic
3%; inches of 1Yz by "&in. flat aluminum

29
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Inverter Circuit Parts List:

10.1 uF 15V capacitor disc
1 7404 hex inverter IC
1 14-pin low-profile |G socket

All Mike's basic functions are controlled by a microprocessor. This
computer makes it possible to eliminate a vast amount of hardware that
would otherwise be required for Mike’s construction. The microproces-
sor serves as his “brain,” controlling and overseeing all his functions
and reflexes. To provide the computer with the ability to control Mike's
movement, several secondary circuits are required. Mike is controlled
with a joystick. Commands from the joystick are sensed by the A/D
circuit, which allows the micro to compare the commands with the
actual position and speed of the wheels. An inverter circuit isincluded to
put Mike's circuitry in an inactive mode whenever the “reset” button on
the computer is depressed. The last step in the construction of Stage I is
loading the software into the microprocessor. The software causes the
computer to follow certain steps for controlling Mike's circuitry.
Software allows the micro to interpret commands and convert them into
actions.

analog to digital (a/d) and
inverter circuits

The A/D eircuit allows the microprocessor to determine the posi-
tion of the joystick and of the front wheel in order to carry out a
command (see Fig. 4-1). The circuit uses an LM 339 quad comparator
IC. The comparator IC should be mounted in a 14-pin IC socket, low
profile if possible. The micro starts its internal timer and sets the output
line (PA 0) to*1.” The “1” sends out 5 V on the output line, which be-
gins charging the 0.1 p F capacitor connected from PA 0 to ground. The
capacitor charges exponentially toward 5 V (Fig. 4-2). As the capaci-
tor charges, the voltage on pins 7, 9, and 5 of the LM 339 increases.
When the voltage across the capacitor (and on IC pin 9) equals the
voltage coming from the directional control potentiometer (pot), PA 7
goes to “1.” While the capacitor has been charging, the microprocessor
has been waiting for PA 7togo to “1.”7 A “1” on PA 5 or PA 6 is ignored
by the micro. When PA 7 goes to “1,” the timer is read by the computer.
The count on the timer is proportional to the setting of the directional
control pot. The microprocessor returns the output of PA 0 to “0” and
waits for the capacitor to discharge. After the capacitor discharges. the
micro repeats the entire process with the directional control command

pot and then with the speed command pot, reading PA 6 and PA 5
respectively.
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YOLTAGE

TIME [MICROSECONDS]

Fig. 4-2. Exponential charge of capacitor.

The A/D circuit should be built on a piece of perf board that is
4% in. by 3% in. It should be mounted in the same way as the direc-
tional control circuit, on the back leg of the triangular frame. The A/D
circuit should be placed to the right of the disable switch.

The Kim— 1 microcomputer has one small peculiarity. When the
“reset” button is depressed, the Kim sends out logic 1 on the output lines.
All Mike’s circuits are activated immediately, and he races headlong
across the floor. To prevent unsightly holes in walls, add an inverter
circuit (Fig. 4-3). The inverter IC causes Mike's circuits to be turned off
when "reset” is depressed. The inverter circuit should be built on the
same piece of perf board as is the A/D circuit. The 7404 hex inverter IC

shown in the circuit is mounted in a 14-pin IC socket, preferably low
profile.

joystick and directional control pot

The joystick provides the operator with the ability to control Mike.
Try to obtain a joystick with 5 k{} pots (see Appendix). Mount the
joystick on a 3%z-in.-square piece of perf board. You may have to cut a
hole in the center of the board to make room for the bottom of the
Joystick. Now select two adjacent potentiometers on the joystick. Use the
potentiometer that is farthest away from you and the one that is to your
right. One will serve as the speed command pot, the other as the direc-
tional control command pot. Hook up the two potentiometers asshown in
Fig. 4- 1. The small arrow followed by the word "clockwise,” shown next
to the speed command pot, indicates that as the pot is rotated clockwise
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Fig. 4-3. Scnematic of inverter circuit.
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its voltage approaches +5 V. In other words, the lead of the potentiome-
ter closest to the directional control command pot is connected to the
lead of the directional control command pot closest to it and to the
29000 resistor on the A ‘D board that goes to ground. The small arrow
followed by the word “clockwise,” shown next to the directional control
pot, indicates exactly the same as it did for the speed control pot. As the
pot is rotated clockwise (view facing the pot’s shaft), its voltage ap-
proaches +5 V, that is, the lead of the potentiometer farthest from the
speed command pot is connected to the lead of the speed command pot
farthest from it and to the 5 ko resistor on the A/D board that goes to
+5 V. Four wires should come from the joystick control—the ground
wire, the +5 V wire, and the two wires that connect to the center leads
of both potentiometers. Eight feet of four-conductor cable should lead
these four wires from the jovstick to the A/D circuit. If you wish, you
may mount your joystick in a control box.

The directional control potentiometer is a 10 k{} pot that informs
the microprocessor of the position of the front wheel. I used an Ohmite
type AB. The pot is mounted on top of the shaft of the front wheel. Drill
a hole lengthwise in a 1-in. piece of wood doweling % in. in diameter,
such that the hole can accommodate the shaft of your pot. (Mine was
% in. in diameter.)

Place the piece of doweling in the shaft of the front wheel, about
4 in. from the top. If the doweling does not fit snugly in the shaft, wrap
black tape around it until it does. Notice that in the top of the wheel's
shaft are two 1-in. slots. Screw a No. 4 Ys-in. wood screw into the wood
doweling at the bottom of each of the slots. The screws should be well
below the wooden triangle that holds the shaft in place. Cut a 2- by 1-in.
piece of aluminum out of your 1%2- by Ys-in. flat aluminum. Now locate
the center of one of the 1-in. sides. Draw two angles from this point 60° to
the 1-in. side (Fig. 4- 4). Cut off the triangles formed by these 60° angles.
Locate the point on the aluminum shown by two intersecting lines in the
figure. At this point, drill a hole large enough to accommodate the
threaded collar of your potentiometer. Slide the 2-in piece of aluminum

[ G0°
" ” HOLE SAME DIAMETER
AS THREADED COLLAR ON
. POTENTIOMETER.
=
=

Fig. 4-4. Aluminum for mount-
ing directional control potentio-
E meter. The asterisk shows the

l lacation of the hole for the wood
screw,

— | in, —=
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onto the threaded collar of your directional control pot. Make sure that
the point formed by the 60° angle is facing in the opposite direction from
the leads of the pot. Screw a nut (¥s in.) onto the pot's threaded collar
until it locks the aluminum in place. Turn the pot upside down. Place the
shaft of the pot in the hole of the %s-in. diameter wood doweling. If the
shaft does not fit very snugly, wrap black tape around it until it does.

The 60° angle of the aluminum should fit in the place where the
left and right legs of the upper triangle meet. If the angle does not fit, file
the aluminum until it does. At the spot marked by an asterisk in Fig.
4—4 drill a hole large enough to start a No. 6 %-in. wood screw. This hole
should be drilled through both the aluminum and the wood below it.
Enlarge the hole in the aluminum only, so that the threaded portion of
the screw can pass freely through it. Anchor the aluminum with the
screw. The directional control pot is now mounted (Fig. 4-5).

Fig. 4-5. Direclional control potentiometer.

The small arrow followed by the word "clockwise” (shown next to
the directional control potentiometer) indicates that as the pot is rotated
clockwise its voltage approaches ground. In other words, the lead of the
pot closest to the right leg of the triangular frame is connected through a
10 k() resistor on the A/D circuit to +5 V. The lead closest to the left leg
is connected through a 10 kfl resistor on the A/D board to ground. The
center lead is connected directly to the A/D circuit as in Fig. 4-1.






































































































































































































































































































