ROBOTICS

Experlmental robot vision:

LAST TIME WE PRESENTED THE CON-
struction details of a simple pho-
tocell-based vision sensor. To
conclude the presentation, this
time we'll show you how to con-
nect it to a microcomputer, and
then we’ll discuss a few software
algorithms that demonstrate how
to use if.

The sensor consists of nine pho-
tocells. For a computer to be able
to read the analog resistance of
each photocell, that resistance
must be converted into the digital
language the computer under-
stands. _
(Analog-to-Digital Converter).
When a photocell is connected
between the positive supply volt-
age and a resistor that is grounded

So we must use an ADC |,

on the 0pp05|te end, the pair acts
as a variable voltage divider. The
divider is variable because the re-

sistance of the photocell changes -.

depending on the amount of light
that reaches its active surface.
When you connect the output of
the divider circuit to the input of
an ADC, a digital representation of
the voltage dropped by the pho-
tocell may be read.

It would be inconvenient and
expensive to connectasingle ADC
to each of the niné sensors in our
vision unit. Fortunatély, however,
National Semiconductor has an 1C
(the ADC0816) that includes not
only an ADC, but also a16-channel

.analog multlplexer that allows us

to monitor all nine photocells (and
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seven other analog inputs, if desir-
ed) without multiplying costs nine
times.

Figure 1shows the circuit detatls ‘

of the sensor interface. In addition
to the sixteen analog inputs, the
ADCO0816 has four address inputs
that allow you to select which of
the sixteen inputs you want to
read. Further, the circuit has sever-
al; control lines that are used to
select various operatlons. we'll
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discuss each of the control lines
below. ) , '
If your computer has a built-in
eight-bit parallel interface, you
can probably use the circuit di-
rectly as shown. Otherwise, you'll
have to add some external circuit-
ry. One way of connecting the
ADCO0816 to an 8-bit computer sys-
tem is as follows.
- The computer’s data bus (or
eight-bit I/O bus).is connected di-
.rectly to the IC’s 3-state data out-
puts (pins 24-31). You could anD
the computer’s ReAD signal with a
decoded port address and apply
that signal to the ouTPUT ENABLE
. input (pin 21) in order to read a
value from the ADC0816.
Selecting a channel is done by
setting up the four address lines of
the ADCO0816 and then strobing the
address into the ALe input (pin 32)
via another decoded output AnD-
ed with the computer’s wriTe line.
The ADC'’s address lines can be
connected directly to the low-
order address lines of the control
computer. _
Last, the starT input (pin 16) is
used fo start the conversion pro-

cess. You could drive that input
with another decoded output port
anp-ed with the computer’s wriTe
line.

Because the ADC works much
slower than your computer, you
cannot simply select a channel,
send a “start” command, and then
read the data. The ADC must sam-
ple the input and then convertitto
digital form. The ADC0816 can take
as long as 116 ps to complete the
conversion. To alert the computer
when the conversion is done, the.
IC has a special END-OF-CON-
VERSION output (pin 13) that goes
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high when a digital fepresentation
of the analog input may be read.
You can monitor pin 13 by AND-ing
a decoded I/O port address with
your computer’s rean line. Alter-
natively, you may want to connect
pin 13 to an interrupt input; doing
so would allow your computer to
do other things while the ADC is
working,

Figure 2 outlines the basic al-
gorithm for scanning the nirie-ele-
ment sensor. First we selectanalog
channel one. Then the sTarT signal
is activated. Then the computer
goes into a loop and monitors the
END-OF-CONVERSION output. When
that signal goes high, the output
buffer is read, and its value is
stored in a nine-byte table for anal-
ysis later. The program loops to
select the next channel (i.e., the
next sensor element) and ex-
ecutes the same sequence of oper-
ations. When all sensors have been
read, the algorithm is finished.

After reading in the data, it must
be analyzed. It would simplify
analysis if each sensor returned a
value of 1for light areas and a value
of 0 for dark areas. Then the table
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of bytes could be compared with a
set of previously-stored templates.
The program would interpret the
object as being the one with the
closest match. '
However, things don’t work
quite so simply in the real world.
In fact, the circuit shown here is so
sensitive that, instead of getting
two distinct values that represent
light and dark, you'll be getting
readings with 256 distinct values.
.. Areas of your target that appear to
. be the same will actually register
tremendous differences. '
In order to eliminate most of
that “clutter,” an auto-sensitiza-
tion adjustment must be made.
‘What we must do is to trick the
circuit into being less sensitive.
One way of doing so is with a
threshold adjustment. Looking
back at the circuit in Fig. 1, notice
- the resistive voltage divider con-
nected to pin 19 (Vpge) of the ADC,
All converted values are compared
to the value at that pin. By varying
the reference, you can adjust the
sensitivity of the circuit.
-You could use a DAC (Digital-to- .
* Analog Converter) to perform the
- auto-focus. Connect the digital in-
puts of the DAC to a separate out-
put port, and the analog output of
the DAC to the reference input of
the ADC. Then, by placing a black
and white cross (or some other
_shape) under the sensor, have the
computer read the ADC. If the
sensors under the black areas .
don‘t read similarly, have the com-
puter change the reference volt-
age via the DAC converter, Adjust
the reference until the output
reads the way you want it to.
Also, you could calibrate the
" sensor manually using a potenti-
ometer and some sort of program
that outputs the values to the
screen. The value of the automatic
circuit, though, is that the com-
puter can calibrate itself at any
time. |
| have found the sensor to be
great at picking out brightly col-
ored symbols on a dark block. In
addition, the sensor reads well ata
distance of one inch above the tar-
get object. As discussed last time,
use a flash from an old camera to
illuminate the area evenly. And be
sure that the duration of the flash
is at least 200 s to compensate for
the conversion time. R-E
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Ultrasonic vision

FOR A ROBOT TO EXHIBIT EVEN A
modicum of intelligence, it needs
some type of feedback mechanism
between the “thinking” part and
the “doing” part. Without some
type of feedback, the “thinker”
can’'t adjust the actions of the
“doer” in response to changes in
its environment.

The most useful form of feed-
back for human beings is visual.
Machine vision, however, is lim-
ited by current technology in its
ability to resolve details and in its
ability to estimate distances.

[N

There are several dozen compa-
nies now selling machine-vision
systems to industrial manufac-
turers. Those systems are gener-
ally used to inspect finished
goods. There are a few companies
selling devices that will help a
mobile robot get around in a clut-
tered room. With that type of vi-
sion, a robot can see what it is
gripping, where it is going and
where it has been.

Human beings have a crude,
built-in distance measuring sys-
tem that makes use of the eyes as

~ well as stored knowledge of how. . - :
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an object looks at different dis-
tances. We then compare the
known image to the one we are
presently encountering and
voili—we cbtain a rough estimate
of the object’s distance. That is the
method used by systems that in-
spect parts on a finished-goods as-
sembly line. We could apply that
method to a robot system, but that
would require auto-focusing
lenses and complex image-analy-
sis algorithms in the controlling
electronics. However, there is a

simpler and more economical way
to obtain distance information:
ultrasonic ranging. That method is
frequently more accurate than
light-wave systems.

Ultrasonics theory

In a typical ultrasonic ranging
application, an ultrasonic trans-
mitter starts a timer as it emits a
short burst of 40-kHz sound waves
through its transducer. Those
sound waves spread out as they
travel through free air. When they
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strike an object in their patfi, sonié
of the sound is deflected back to-
ward the transducer, which now
acts as a receiving device, like a
conventional audio microphone.
The received sound waves are sent
to a discriminator circuit that stops
the timer.

The value in the timer is propor-
tional to the length of time it took
the sound waves to travel to the
objectand return to the origin. We
can determine the distance (D)
from the period measured by the
timer (T) by using the classic for-
mula, D = V/T. V here stands fof
velocity, and is simply the velocity
of sound waves in ait, about 13,080
inches per second. Basically that’s
all that’s needed to measure dis-
tance. So let’s look at some prac-
tical implementations of both
transmitters and receivers.

Ultrasonic circuits

A simple 40-kHz transmitter is
shown in Fig. 1. The 555 is a very
inexpensive eight-pin timer 1C
configured as an astable multi-
vibrator oscillating at a frequency
of 40 kHz. (That frequency can be
adjusted by potentiometer R2.)
With a twelve-volt supply, the 555
output will swing about ten volts,
which should be enocugh to drive
commion transducers. Any 40-kHz
oscillator could be substituted for
the circuitshown in Fig. 1. Infact, it
would be quite simple to generate
a 40-kHz signal with a computer,
and drive a transducer with that
signal through an open-collector
TTL gate (such as a 7406).

The receiver portion of the sys-
tem is only a little more complex.
In the circuit shown in Fig. 2, the
received signal is amplified by a
discrete transistor amplifier, and
then applied to a tone-decoder
NE567. That IC, a phase-locked-
loop contains its own internal os-
cillator that must be adjusted to
match the transmit frequency. The
NES67 has a comparator that will
send the output high when it de-
tects an incoming signal equal in
frequency to its internal oscillator.

The circuit shown in Fig. 3-auses
a single 1C specially developed by
National for use as an ultrasonic
transceiver. Using such a device
allows you to use a single trans-
ducer for both transmit and re-

continued on page 108
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continued from pagé 90

ceive functions. In addition, the
same tuned circuit is.used for both
transmitting arid receiving, so you
don'’t have to worry about frequen-

¢y mis-matching due to compo-

nent drift. v

~ Transmission is initiated, By ap-
plying a logic “1”.to pin, 8 of the -
LM1812. The receiver will bé dis-
abled, and pin 14 will be low. To
receive, pin 8 is simply grounded.
Pin 14 will go high after the circuit

" receives an echo of the signal.

The time between initiating
transmission and pm 14's goihg’
high i5 then équal to.the timé re- .
quired to travel from the transmit-
ter to the object and back. So to
obtain the distance to.the object,
that time would be halved and
plugged into the formula D=V/T
(V=13,080). The circuit shown in
Fig. 3-a has-a fange from 4 inches
to about 6 feet. By adding the 555

circuit shown in Fig.'3-b, the low

end ofthe range may be decreased
to-3 inches, and the high end in-
creased to 20 feet. Potentiometer
R2 should again be adjusted toa
frequency of 40 kHz. '
That circuit is so simple and so

-_inexpensive-that you could build
several for one robot. '

Polarmd's ultrasonics -
Polaroid Corporation has been
using ultrasonic ranging in cam-
eras such as the SX-70 for some
timesnow. Distance information
obtained, through ultrasonics is .
used' to focus the camera’s main
lens automatically. The transducer
used has a larger diameter and is
slimmer than the type usually

found in electronics surplus

stores, Several years.ago Polaroid
packaged the electronics from
their cameras along with a good

- tutorial manual, as well-as aninter-

esting experlmenters board. The
package is called thé “Polaroid Ul-
trasonic Rangmg System Design-

-er's'Kit,” and is available for $165

| from the Polaroid Uitfasonics

Components Group (Polaroid
Corp., 119 Windsor Street,
Cambrldge, MA 02139). It comes

-with a.spécial interface that dis- .

plays distahce information on an

' LED readput e RE

sepat
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Robot brains

WE'VE TALKED ABOUT QUITE A FEW | TOWRITE |
things the past few months, in- | ENABLE ;

tem with that sort of current drain
operational for an hour! And that

Microprocessors

teries) with it.

RADIC-ELECTRONICS
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suitable robot-control computer?

The heart of any home comput-
er is its microprocessor, and there
are a number of different micro-
processors to choose from. We
must pick ours carefully, accord-
ing to several criteria. The first is
power. All devices used in robot-
control circuits should be low
power, assuming that the robot is
to carry its power source (bat-

There are two chief methods of
fabricating microprocessors:
NMOS and CMOS. NMOS is the
elder of the two, and NMOS al-

(

most invariably draws more power
than the newer CMOS types. For
example, an NMOS Z80 can draw
as much as 150 mA of current at five
volts. Most microprocessors (8080,
Z80, 6800, 6502) were originally
built using NMOS technology, al-
though CMQOS versions for many
of them were introduced later.
Bearing in mind the fact that the
microprocessor must be sup-
ported by a bevy of other power-
hungry components, before you
know it, your computer’s brain
could easily require 1.5 amps of
power. A small motorcycle battery
would be necessary to keep a sys-

; g +5v  LINE ;
cluding putting together a | u ) A doesn’t include power for the
robotics lab, robot motion and | 1 e v |28 i stepper motors! _
navigation, and last month we dis- | _2| o wete ‘ It’'s easy to see why thewgtsjstry
cussed, albeit briefly, the subject | U 28 ~{ almost universally uses C mi-
of voice recognition. It's time now I Aol | croprocessors for portable com-
to start putting those elementsto- ;. _5 2 | puters. Not all microprocessors
i T 2l 13 | ilable in CMOS yet, but the
gether—weneed togiveourrobot | _Blay  aqypy,iwE |2 folg, | areavailablein yet,
some brains. _ i v PVt 0E %f—- To-All { Z80, 6809, 8085A, 6502 an(':i 8086/8
Perhaps you're asking, “Do | | —8la afi [—po»10 | types are, and Motorola’s 68000
really need a computer to control | —1% Al CE % AO willhbe soon.
my robot?” You could build a cir- | —{A¢ 07 = 1 The microprocessors men-
cuit out of discrete logic compo- | "% g 06 :87— | tioned abpve_lead.us to our next
nents that would allow your robot | 5] g‘ gi 15 | design criteria: eight or sixteen
to perform the task you had in T vz 03 118 ] bits? (And 32 blts.wﬂlnsoon be_add-
mind. But, as Hamlet said, that’s ef 5 [ | ed to the “equation.”) There is no
the rub. To change that task, you = | clear-cut choice here. | have seen
would have to re-design and re- ! i | several robots designed with 16-bit
solder. However, if you imple- ! JUMPERS i{ microprocessors that should have
mented the control logic in soft- l g;l‘;'o“ :S:,E Q B.E g - been designed with 8-bit devices.
ware, you could chgngg your | 3;(11?3 ggm ) X X i Some %eople aéjtomatlc.:ally 3}5-
design simply by keying in new | L A X x| l sume that a ro i?t |:equ1rein: e
instructions, Given the advantages | 4816 RAM x| | larger units, but that is not always
of a software approach, there are ’ Sos Y I the case.
still quite a few hardware ques- | 2764 EPROM X X{ ! Another consideration is
tions to be answered. So what L s 3 whether the application demands
would be the composition of a T TTheg 77— afull-blown multi-IC design. In

many cases a single-chip micro-
processor will do the job. Single-
chip micros typically have 128
bytes of temporary memory and 16
input/output lines. | find single-
chip micros most useful as dedi-
cated sensor controllers. For ex-
ample, you could use one to
control your robot’s motaors and
sensors, while the main processor
carried out the heavy-duty control
logic. Now let’s look at the memo-
ry question in a bit more detail.

Memory

Once again your application will
determine how much RAM (Ran-
dom Access Memory), ROM (Read
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Only Memory) and EPROM (Frasa-
ble Programmable Read Only
Memory) you'li need to provide.
RAM is used for storage of tempo-
rary data, and data picked up by
sensors; ROM and EPROM are
used to store the control program
and tables of data.

If you're new to this field, and if
you're planning to build a research
robot that will not be obsolete be-
fore you get done building it, then
I suggest designing a “universal”
memory system. That type of sys-
tem is possible because there are,
nowadays, RAM’s, ROM’s, and
EPROM’s that have almost identi-
cal pin-outs,

The circuit depicted in Fig. 1-a
shows how a single 28-pin socket
can be used to house several dif-
ferent types of memory IC’s, and
several different devices of each
type. The table in Fig. 1-b shows
how points A, B, C, and D in the
circuit should be jumpered for
each type of memory device. If
you're interested in learning more
about that subject, drop me a line.
I'll send you areprintofan applica-
tions note that discusses the sub-
ject in depth.

Ins and outs

Robot I/O (Input/Output) is, by
far, the most involved decision.
Depending on the sensors and
motors in your system, I/O circuits
can become quite complex. It will
simplify matters if you use stan-
dard 1/O schemes (like RS-232C)
for communicating with pe-
ripherals or dedicated sensor con-
trollers, like those mentioned
above. There are many products
on the market that communicate
via R5-232C lines, and it's easy to
interface your own devices via
RS-232C.

Buy or build?

Whether you should buy a pre-
assembled control computer or
build your own also depends on
the application. But if you think
there’s a chance that a pre-as-
sembled unit will do the job, you'll
save yourself a lot of hair-pulling
by buying, rather than building.

Based on what I've said above,
the specifications of an ideal
robot-control computer might in-
clude a CMOS microprocessor,
plenty of meniory, standard /O

channels, and battery operation.
Suppose | told you that you could
buy an off-the-shelf device with a
CMOS 8085A, 8K of battery-
backed-up RAM (which is expan-
dable to 32K), a real-time clock/cai-
endar, an RS-232C port, a Cen-
tronics parallel port, a bar-code
reader input, a full 60-key alpha-
numeric keyboard, and a forty-
character by eight-line LCD dis-
play, all packaged in a case that
measures about 8 X 11 inches?
That machine also has, built-in, a
special version of Microsoft BASIC
that supports all the I/0 devices—
and interrupts! You can burn your
BASIC program into an EPROM
and plug it into the ROM expan-
sion socket that is provided. If you
have an exotic I/O in mind, the
entire system bus is also available.
The complete computer costs
less than $350.00. If you haven‘t
guessed what it is by now, you'll
have to wait till next month. Ill
have several interesting surprises
then for those who choose to use
that “mystery” computer for robot
development. R-E
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Tactile sensing

ANGLE LIGHT
GUIDES
AT FINGER

END *

FIG. 1

" 'MAN IS BLESSED WITH FIVE SENSES, AND
one really proves its worth on a
dark, cold winter morning. You
roll out of bed and grope around
for your slippers and bathrobe.
Then you stumble into the kitch-
en, feel around for the light
swrtch and only then can you see
what your hands and feet have
been telling you. Oh that sense of
- touch!
Touch is important in robotics
"too. Most robots must move
around to accomplish their tasks.
‘Hence they need directions about
‘whéresto go under different condi-
tions. & they need to be able to
acquire information about their
surroundings. That information is
obtained through a myriad of sen-
sors—light sensors, sound sen-
sors, and touch sensors, among
others,

Different kinds of tactile infor-
mation are important for different
purposes. For example, often a
‘rabot must know how much force

-, its gripper should apply to grasp

an object. If too much force is ap-
plied, an object may be crushed. It
too little force is applied, the grip-
per may not be able to maintain
contact when it tries to lift the ob-
ject. In addition, bump sensors
around the perimeter of the
robot's base can be used to detect
collisions. The underlying tech-
nology of both kinds of tactile
sensing can be the same. Let’s see
how.

Limit sensing

The simplest touch sensor is the
common microswitch. A micro-
switch is often activated by eithera
long flat lever or a lever with an
attached rolier. Pressing the lever
“makes’ the connection. Actua-
tion force is relatively small, so it
takes little force for the robot to
“feel” whatever the switch is con-
tacting. .

A robot gripper might be
equipped with two microswitches,
one in each jaw. With no object
between the jaws, both switches

MARK ]. ROBILLARD,
ROBOTICS EDITOR

would be open, but when an ob-
jectis gripped, one or both switch-
es will close. A computer interface ™
could monitor the signals gener-
ated by those switches and it could
use the various voltage levels to
make decisions regarding the next
action the robot should take.

Terence Thomas of Venice, FL
sent a schematic diagram of a cir-
cuitthat uses three microswitches.
Two are used to detect obstacles
around the perimeter of the body;
a third indicates whether contact
with the floor is being maintained.
A floor sensor could be important
to prevent a robot from making a.
perilous journey down a flight of
stairs. Of course, the location of
the floor sensor on the robot’s
body is critical. Two side-mounted
microswitches provide direction
control; when a switch on one
side is activated, the robot turns in
the opposite dn‘ectlon

Optical sensors

Some sensing functions accom-
plished by switches can be
accomplished better by another
type of sensor. For example, rather
than try to mount bulky, massive
switches in the jaws.of a gripper,
you might use LED/phototran-
sistor pairs, as shown in Fig. 1-a...

If you've ever been bowling,
that setup should look familiar.
The foul line sensor works on the
same principle. It consists of a visi- -

ble (or infrared) beam of light and

aphoto-detector. When your body
breaks the beam, a light or a buzz-

er comes on.

Note that the'sensors illustrated .
in Fig. 1-a are used in two different
ways. The sensor pairs mounted
between the |aws work like the



bowling alley’s foul-line sensor:
an alarm condition is raised when
the beam is interrupted. The sen-
sor pairs mounted on the front
edges of the jaws work on the op-
posite principle: an alarm con-
dition is raised when the beam
from the LED makes contact with
the phototransistor.

As shown in Fig. 1-b, each mem-
ber of the reflective pairs should
be angled slightly inward so that a
nearby object will reflect light
from the LED back to the pho-
totransistor. The phototransistor
would be connected to a comput-
er interface or other controller.

The reflective pairs can provide
more than just an object-is-pres-
ent/object-is-not-present signal.
The amount of light that is re-
flected provides an indication of
how close the object is to the end
of the gripper. So the output of the
reflective sensors could be pro-
cessed by an A/D converter and
fed to a controlling device which
would then be able to locate ob-
jects. A control sequence might go
as follows.
® Move the gripper to the approx-
imate position of the target object.
® Scan the gripper from left to
right until the objectis detected by
the reflective sensor at the tip of
the right jaw. The gripper must be
open so far.
® Move the gripper right until the
object is detected at the tip of the
left jaw.
® Move the gripper left again until
neither jaw detects the object. The
object is centered left-to-right
now. _
® Move the arm forward until the
first inside-the-jaw sensor detects
the object.
® Move the arm forward until the

second inside-the-jaw sensor de- -

tects the object.

¢ Retract the arm until neither

sensor detects the object, or until
- both detect the object if it is large.

The object is centered front-to-

back now. '

® Close the gripper. .

There is one flaw in that se-
quence of gripper motions. As the
last step, the robot is to close the
gripper to capture the object. But
how does the robot know when to
stop closing? In some cases, the
maximum gripping force of a light-
weight arm can be applied to the

!

object. But that's:not always the
case. And how does the robot
know when it has a good grip?

A force sensor ,

There are several ways to build a
force sensor. One simple way is to
use a spring and a microswitch.
The spring is attached to a cable
that winds around the shaft of a
drive gear as motion occurs. The
cable goes past the lever of a mi-
croswitch. When tension in the ca-
ble exceeds the actuation force of
the microswitch, the switch con-
tacts close. The device controlling
the robot must then act on that
signal. The spring in that sort of
sensor must be selected carefully,.
according to the amount of force
required to actuate the switch.

Other approaches use optical
feedback. For example, the pat-
ented ‘approach of Heath's Hero
2000 uses two optical encoder
disks. One is attached directly to
the gripper, and the other is fas-
tened by a spring to the first. As
long as there is no resistance to the
motion of the gripper's jaws, both
disks spin together. But when an
object is grasped, the disk at-

“ tached through the spring slows

down, while the directly-con-
nected disk continues at its nor-
mal rate. The system’s micro-
processor can detect that speed
difference by counting the slots
etched in each disk; that informa-
tion can be used to determine the -
force applied as well as the size of
the object.

Other approaches use inte-
grated circuits that incorporatz a-
strain gauge and special pressure-
sensitive resistive paint. In fact, a
simple pressure sensor can be
built from the conductive foam
that MOS 1C’s are packed in. That
foam has a finite, measurable re-
sistance; when the foam is com-
pressed, resistance decreages. By
mounting a piece of foam®etween
two metallic plates, a simple strain
gauge could be built.

All those methods of tactile

‘sensing comprise a field of inquiry

that is as large as robotics itself.
The science of tactile sensing is
one in which the home experi-
menter might achieve a break-
through by discovering new ways
of measuring real-world quan-
tities. So go to it! | ‘R-E
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Position sensing

YOU DON'T HAVE TO WORK WITH A
robot arm for long to realize that

position information is highly im--

portant. There are numerous ways
of obtaining that sort of informa-
tion; let’s examine several.

Digital position sensing _
Most digital approaches to posi-

tion sensing involve optical de-

vices. Recently in this column we

discussed tactile sensing using IR

emitters and detectors. Some of

the same approaches can be used

for position sensing.

For example, a device called an
optical shaft encoder or an optical
interrupter encodes the position
of a shaft by means of opto-elec-
tronics. An infrared (IR) detector/
emitter pair couples to the shaft of
a motor or the pivot of a robotarm
and provides a series of digital
pulses. The encoder requires only
a source of five-volt power. How
does it work?

A disk like the one shown in Fig.
1 is used to interrupt a beam of
infrared light passing from an LED

FIG. 1

to a photo-transistor. Overall the
disk is transparent, but it has dark
stripes that block the IR
periodically as it spins. The LED
and the transistor are integrated in
a single package, as shown in Fig.
2. The encoder disk is attached to
the end of a rotating shaft, and

then it passes through the slot in
the optical interrupter. As the shaft
turns, the disk rotates, so the dark
areas of the disk periodically pre-
vent the LED light from reaching
the photo-transistor. The output of
the detector is a series of pulses
that may be squared up and fed to
digital control circuifry.

The disk is manufactured so that
the distance between each radial
stripe is equal. So the number of
pulses that are output indicate
how far the shaft has turned. In-
dustrial optical encoders may have
several hundred, or a thousand or
more divisions. -

Commerical encoder disks are
usually expensive because they
are manufactured under tight me-
ichanical tolerances. In addition,
they offer a minimum of 256 slits.
For purposes of experimentation,

sixteen slits are sufficient because .

hobbyist-grade motors cannot be
positioned very accurately.
You could photocopy the disk in
Fig. 1 on*a piece of acrylic-to
provide position information for a
Milton Bradley Robotix arm. The
basic idea is shown in Fig. 3.

The optical interrupter is readily
available, but if you have trouble
locating one, or if you would like
to purchase some encoder disks,
M]R Digital (Mason Road, Milford,
NH 03055) has an experimental kit
consisting of nine transmissive en-
coder disks, nine reflective en-
coder disks, five H22A1 optical in-
terrupters, and an application note
available for $19.95. We'll discuss
use of the reflective encoder disks
below.

Because two connections go to
ground, only three wires must be
brought to the encoder. In addi-
tion, several encoders may share
the ground and five volt lines.

To use the encoder, the comput-
er that controls the motor must
monitor the output of the en-
coder. To begin a motion se-
quence, the arm must be.
“homed.” In other words, the
joint (or joints) in question must
be brought to a limit—all the way -
up, down, left, right, etc.

" The computer must then read
the status of the encoder. [f the
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output is low, then any subse-
quent high indicates movement.
Conversely, if the initial reading is
low, then subsequent highs indi-
cate an absence of movement. It's
important to know whether you're
starting with a high or a low; other-
wise you may not be able to return
the arm to the home position
accurately.

To move the arm to a specified
position, load a counter with the
number of slits that must be count-
ed. Then, after homing the arm,
turn on its moter and monitor the
encoder’s output for a pulse.
When a high or a low (as pre-
viously described) is detected,
decrement the internal counter.
Repeat that operation until the
counter has a value of zero. At that
point the arm should be in the de-
sired position.

You could perform the counting
in hardware (without a computer)
if you like. Doing that is simply a
matter of using a counter IC and a
logic gate to shut the motor off
when the counter reaches zero.

Reflectance decoder

In some situations, a
reflectance-type encoder disk is

transmissive disk. That data can be
used to position the arm as pre-
viously described.

Analog sensing

Of course, there are other ways
to sense the position of an arm. An
analog approach might use a varia-
ble resistor, an' A/D converter, and
a little software. The shaft of a po-
tentiometer is connected to the
pivot point of a robot’s arm, so the
potentiometer’s resistance should
provide an accurate indication of

the arm’s position. The voltage
across that resistor would be read
by the A/D converter, and the con-
trol computer could then use that
information to make an intelligent
decision about what step should
be done next.

The arm must start from a known
position, so, on power up, the arm
should be homed. That is best ac-
complished by rotating each pivot
until a microswitch (used as a limit
indicator) is activated. At that point
‘motion must halt. Then the control
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computer should check the out-
put of the A/D device. The voltage
read there represents a reference
point in relation to which other
positions are known.

Some A/D converters require
supply voltages of =12 or even
+15 volts. However, there are sev-
eral 5-volt A/D IC’s on the market.
For example, National Semicon-
ductor’s A/D0816 can digitize 16
channels of analog information..
Each channel has eight bits, so any
input between 0 and 5 volts will be
converted to one of 256 digital val-
ues in steps of about 20 mV. Other
A/D I1C’s provide 12 bits, for a total
of 4096 discrete values.

There are several drawbacks to
the analog approach. The first is
that the potentiometer must be
coupled physically to the arm’s _
pivot, and that may be difficult.
Also, the mechanical drag of the
potentiometer may adversely af-
fect the operation of the arm. And
for the beginner, the most serious
drawback may be creating the soft-
ware required to operate the A/D
converter.

Speed may also be a problem.
Many A/D converters operate
much slower than the digital sys-
tems controlling them. Often a
computer must wait until the A/D
converter is ready.

A typical computer-to-A/D di-
alog might go like this: The com-
puter asks for the current reading,
then the A/D works on the re-
quest. Some hundreds of microse-
conds later, the A/D signals the
computer that the current reading
is ready. Then the computer reads
the value. If necessary, the process
then repeats. '

The speed problem can be al-
leviated by using a faster A/D con-
verter. However, they're harder to
find and more expensive than run-
of-the-mill hobbyist-grade de-
vices. And for experimental pur-
poses, a slow A/D converter
should prove to be quite suffi-
cient.

As you can see, there are a
number of ways of gaining posi-
tion information about a robot
arm. Some of those methods are
more useful than others in dif-
ferent circumstances, but the digi-
tal approach is generally the
simplest to implement as well as
the most accurate. R-E
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Robot eyes
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£

[ HAVE A TOY ROBOT THAT USES TWO
small DC motdrs to move around.
The robot was designed to move
according to how its joystick was
manipulated, but | wanted to
make my robot intelligent enough
to be able to move about on its
own and avoid whatever obstacles
happened to appear. | knew that /
would find it difficult to move
around if | had no eyes, so | fig-
ured that a pair of “eyes” would
help my robot, too. The circuit
shown in Fig. 1 represents the fruit
of my labor.

FIG. 1

shown in Fig. 1 represents the fruit
of my labor.

Circuit operation

My robot has one motor
mounted under both its left and
right sides. The direction the robot
moves depends on the direction
each motor rotates. For example,
the robot can go forward and back-
ward by running both motors in
the same direction. And the robot
can turn by running one motor for-

NEW IDEAS
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cuits, device applications, construction tech-
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ward and the other backward. For
example, when the left motor ro-
tates forward, and the right motor
moves hackward, the robot turns
to the right.

It's easy enough to use DPDT
relays to control the direction of
the motors, but we still need some
“smarts.” | used an infrared LED
and a phototransistor for each eye.
The rest of the circuit processes
the information provided by those
eyes to control the relays.

Half of a 556 timer IC (IC1-a)
functions as an astable multi-

|

1
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;Qibrator oscillating at a frequency

of about 1 KHz. That IC drives tran-
sistor Q1, which in turn drives the
two infrared LED’s, LEDTand LED2.
The right eye is composed of LED1
and Q2; those components are
mounted side by side—not facing
each other—about %" apart. The
left eye is composed of LED2 and
Q4, which are mounted like the
corresponding parts of the right
eye, about four inches away.

If an obstacle appears in front of
the right eye, pulses from LED1 are
reflected by the obstacle and de-
tected by Q2. The signal from Q2 is
amplified by Q3, which triggers
IC2, a 555. That IC operates in the
monostable mode, and it provides
a pulse output with a width of as
much as 2.75 seconds, depending
on the setting of R11. That pulse
output energizes relay RY1, and
that reverses the polarity of the
voltage applied to the motor. Cor-
responding portions of the circuit
of the left eye operate in the same
fashion, using the unused half of
the 556 (IC1-b). That action causes
the robot to turn away from an
obstacle.

.When an obstacle appears in
front of both eyes, both relays will
be activated, so the robot will back
up. The circuit composed of
Q8-Q10 (and associated compo-
nents) provides additional “on”
time for the right motor. That helps
the robot avoid getting trapped in
a narrow passage.

" Construction

Construction of the circuitis not
critical, so feel free to use the tech-
nique you prefer. Just be careful
with the orientation of polarized
components and semiconductors.
The circuit can operate from any
voltage between 4.75 and 7.5 volts.
Potentiometers R4 and R8 adjust
the sensitivity of the phototran-
sistors; you might adjust them to
respond to an obstacle that is
twelve inches away. Potentiome-
ters R11 and R13 control the
amount of time the motors will be
reversed. That will depend partly
on the surface your rgbot is trav-
ersing. Too little time on a rough
surface might not affect direction
at all, and too much time could
cause constant overshooting.
You’ll have to experiment a lit-

38 tle.—John Ellis
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Ligh’t—se_eking robot
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HERE'S A SIMPLE CIRCUIT FOR DEMON-
strating some basic principles: of
robotics. The circuit is light seek-
ing; with careful adjustment it wilt
follow a flashlight around a
darkened room. The heart of the
circuit is a pair of photocells that
determine-the direction in which
the robot will move. Depending
on how light falls on the celis, the
robot can be made to move for-
‘ward, left, or right. Motion is
.prov:ded by two independent DC
motars; a swivel-wheel maintains
‘ ba!ance. :

How it works

In the circuit shown in Flg 1,
. €ach photocell is connected to an
op-amp configured as a com-
parator. When sufficient light fails
on photocell-R2, the voltage at the
inverting input (pin 6) of 1C1-a will
fali below the voitage at the non-
“inverting input (pin 5), so the out-
put of the comparator will go high,
- and transistors Ql.and Q2 will turn,

FIG. 1

on. That will enable relays RY1 and
RY2, and thereby provide power
for the right motor. The robot will
then turn left..

Likewise, when light falling on
R3 lowers its resistance, Q2 and
Q3 will turn on, the left motor will
energize, and the robot will turn
right.

‘Notice that diodes D1 and D2
provide an or function: Q2 turns
on when either comparator goes
high (or when both do). When Q2
turns on, it energizes relay RY2,
which provides a path to ground
for either motor coil, or both.
When there is not enough light
falling on the photocells, neither
comparator will go high, so RY2
will be off. That is what prevents
the robot from moving when nei-
ther photocell is lit.

Also note that the photocells
and motors are cress-wired—the
left photocell controls the right

‘motor, and: the right photocell
" controls the left motor.
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Construction

Building this circuit requires
more mechanical than electronic
skills. In addition to a circuit
board, you’ll' have to provide a
platform for the motors, the swivel
wheel, and the batteries. You
could generate the five-volt motor/
relay supply from a six-volt battery
or gel-cell in series with-a power
diode. Make sure to use a diode
that can handle about four times
the maximum current drain of a
single motor. To provide noise im-

munity, the comparators should |



be powered from a separate low-
current nine-volt supply.

The photocells should be
mounted on the front of the plat-
form, several inches apart, with a
light barrier between them. You'll
have to experiment to find the ex-
act dimensions for your applica-
tion, but try mounting the
photocells two inches apart, and
make the light barrier about four
inches long. Also, it's a good idea
to coat the barrier and whatever
the photocells are mounted on
with flat black paint.

After wiring the circuit, check it
over and correct any errors. Then
turn off the lights and adjust R4 so
that the robot doesn’t move when
only ambient light is falling on the
photocells. Next adjust R1 so that
the photocells are equally respon-
sive to your signal light. Last, try
leading the robot around the
room. —J. A. Tavares




