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The optical in ter rupter is readily

available, but if yo u have t ro uble
locatin g one, o r if yo u would like
to purchase some encode r di sks,
MJR Di gital (M ason Road, Milford,
NH 03055) has an experi mental kit
co nsist ing of nine transmissive en
co de r di sks, nin e refl ective en
code r di sks, f ive H22A1 optical in
te rrupte rs, and an applic ation not e
available fo r $19.95. We'll di scuss
use of the ref lect ive encode r di sks
below.

Because two co nnec tions go to
ground , only three wi res mu st be
brou ght to th e enco de r. In add i
t ion , several encode rs may share
the gro und and five volt lin es.

To use th e encoder, the co mput
er th at co ntro ls th e moto r mu st
mon ito r th e o utp ut of th e en
coder. To begi n a m ot ion se 
q ue nce, t he ar m mu st be
" homed ." In o t he r wo rds, th e
join t (or joints) in qu esti on mu st
be brought to a limit-all th e way
up, down, left , right , etc.

The co mpute r mu st th en read
the status of th e enco de r. If th e
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Co mme rical encoder di sks are
usually expe nsive becau se th ey
are manufactured under t igh t me
chanical to le rances . In addition,
th ey offer a minimum of 256 slits .
For purposes of expe rime ntat io n,
sixteen slits are sufficient because
hobbyist-grade mot ors cannot be
positioned ve ry accu rate ly.

You co uld ph otocopy th e dis k in
Fig . 1 o n a pi ece of acry l ic to
provid e positi on in formation fo r a
Milton Bradl ey Robotix arm . The
basic idea is shown in Fig. 3.

the n it passes through the slot in
th e optical interrupter. As th e shaft
tu rns, the di sk rotates, so th e dark
areas of th e di sk periodically pre
vent th e LED light from reaching
th e ph ot o-transistor. The out put of
the detector is a ser ies of pul ses
that may be squared up and fed to
digita l con tro l circuitry.

The di sk is manu factured so th at
the di stance between each rad ial
stripe is equal. So th e number of
pul ses that ar e o ut p ut indi cate
how far th e shaft has tu rn ed. In
du strial op t ical enc ode rs may have
several hundred , or a tho usand or
more div isio ns.

FIG. 1

YOU DON'T H AV E TO WORK W ITH A

robot arm fo r lo ng to realize that
position info rmat io n is highly im
portant. There are numerou s ways.
of ob tai ni ng that sort of in forma
ti on ; let's examine several.

Digital position sensing
Most digital approaches to pos i

ti on sens ing involve optical de
vices. Recen tl y in thi s co lumn we
di scussed tactil e sens ing usin g IR
emitte rs and detecto rs. Some of
th e same approaches can be used
fo r po siti on sensing .

For example, a device calle d an
optica l shaft encode r or an optical
interrupte r encodes the positi on
of a shaft by means of opto-elec 
tronics . An in frared (l R) detecto r/
emitter pair co up les to th e shaft of
a moto r o r t he pivot of a robot arm
and provid es a ser ies of d igi tal
pul ses. The encode r requires only
a source of f ive-vo lt power. How
do es it work?

A di sk li ke th e one show n in Fig.
1 is used to in terru pt a beam of
in fr ared ligh t passin g fro m an LED

~ to a photo-tra nsistor. Overall the
z disk is t ranspa rent, but it has dark
~ stripes that b lock t he IR
o pe riodical ly as it spi ns. The LED
~ and t he tra nsisto r are integrate d in
w6 a sing le package, as shown in Fig.
o 2. The encoder d isk is attac hed to
C? the end of a ro tat ing shaft , and
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TRANSISTORS
A-41.. SANYO 1308K 1-491.7950-991.59100-up 1.45
A-15 TOSHI8A 11728 1-25 2.6526-49 2.25 50-up 2.00

o utp ut is low, t he n any subse
q ue nt hi gh ind icates movem en t.
Conve rse ly, if th e ini ti al reading is
low, then subsequent highs ind i
cate an abse nce of movement. It's
importa nt to know w hether you' re
sta rt ing with a h igh or a low ; other
wise yo u may not be ab le to return
th e ar m to t he hom e pos i tio n
accu rate ly.

To move the arm to a speci f ied
posit ion, load a co unter w it h t he
number of sl its th at must be co unt
ed . Then , afte r homing the ar m,
tu rn o n it s motor and mon itor t he
e ncoder's o u t p u t fo r a pul se .
W he n a hi gh o r a low (as p re
v io usly d escri b ed) is d et ect ed ,
decrement t he internal co unte r.
Repeat t hat o pe ration un t il t he
cou nter has a value of ze ro. At that
poin t th e ar m should be in th e de
sired positi on.

You co u ld pe rform the co unti ng
in hardware (without a co m pute r)
if you li ke. Do ing t hat is sim p ly a
matter of usin g a co unter IC and a
logic gate to shut th e moto r off
when the co unte r reac hes zero.

Reflectance decoder
In some s it uat io ns, a

reflectance-type encoder di sk is
more p ractical. Rather than a cl ear
d isk with dark st ripes, a refl ec
ta nce disk is basicall y ref lective
with dark st r ipes. It is use d as
shown in Fig. 4 .

t ransm issive d isk . That data can be
used to positi on th e arm as p re
vio us ly descr ib ed.

Analog sens ing
O f co urse, t he re are othe r ways

to sense the pos ition of an arm. An
ana log approach mi ght use a varia
b le resistor, an AID co nve rte r, and
a littl e soft wa re. Th e shaft of a po
tent iom et er is co n nected to th e
p ivot point of a robot 's arm, so th e
pot entiomet er's resist ance should
provid e an accurate ind icat ion of

Adjustable Temperature
Controlled LED Type

Soldering Station
r"ATURES: TEMPERATURE DIRECT READI~~G . CONSTANT
TEMPERAT URE CONT ROL. TEMPERATURE RANGE.
(300-1000F) HEATED POWER: 48W FOR SOLDERING IRON
30W FOR SOLDERING PENCIL

th e arm's posr tron . Th e vo ltage
across that resistor would be read
by th e AID co nve rte r, and th e co n
trol co m puter cou ld th en use that
info rm ation to make an inte ll ige nt
deci sion about w hat ste p shou ld
be done next.

The arm must sta rt from a kn own
positi on , so, o n power up, the ar m
should be homed. That is best ac
co mp lishe d by rotating each pivot
until a mi croswitch (used as a limit
indicator) is activated. At that point
moti on mu st halt. Then the cont ro l

REF LECTANCE·TYPE
ENCODER

WHEEL

DETECTOR

EMITTER

FIG.4

A beam of infrared ligh t is em it
ted fro m an IR em itte r at an angle .
An IR detector is mounted at a
co mp le mentary angle . Light w i l l
be refl ect ed f ro m t he ref lecti ve
areas of the disk, and not f ro m the
st riped areas. As the jo int moves,
the w hee l turns, so the output of
the detecto r is a series a h igh s and
low s, l ike those prod uced by th e

TRIPLERS: T-184 equivalent to ECG-523 1-9 10 up
T-53 equivalent to ECG 526 $995 $899
T-45 equivalent to ECG 500A

ALL SAFETY CAPACITORS
GE. Magnavox, Sony. Sears
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103 PROJECTS FOR ELECTRONICS EX
PERIMENTERS. Soft cover; 308 pages of
practica l, proven plans for the electronics
hobbyist... ci rcuits, converters, amp lif iers ,
synthesizers , optoelectronics , power sup
plies and more. Written and designed by For
rest M. Mims, III. 12491$11.50plus $1postage
in USA. ELECTRONIC TECHNOLOGY TO
DAY INC., PO Box 240, Massapequa Park,
NY 11762-0240.

103
PROJECTS FOR
ELECTRONICS

EXPERIMENTERS

Call 516-293-3000 to reserve space. Ask
for Arlin e Fishman. Limited numb er of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS , 500
B Bi -Coun ty Blvd., Farmi ngd ale, NY
11 735.

• 6 x rate $745.00 per each insertion.
• Reaches 229,044 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

APPLIANCE REPAIR HANDBOOKS-1 3
vo lumes by serv ice ex per ts : easy -to
understand diagrams, illustrations. For major
app liances (air conditioners, refrigerators,
washers, drye rs, microwaves, etc. ), elec.
hou sewares, pe rso na l-ca re appliances .
Basics of solid state, setting up shop, test
instrumen ts . $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE , PO Box
789, Lombard, IL 60148.1 -(312) 932-9550.
CIRCLE 84 ON FREE INFORMATION CARD
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CALL NOW
AND

RESERVE
YOUR SPACE

GN RECHARGEABLE PORTABLE
CLEANER. (New Model) both items charge
from AC house & DC cigarette socket also
cordless use. Standard Model- ($19.50), Plus
Model - ($22.50), 2 year warranty. CA resi
dents add (6.5%) tax, shipping $2.00, Money
Orders & Checks accepted send: GENTLE
WAYEER ELECTRIC INC. 324 S. Palm Ave.
# D , Alhambra CA 91803 TELE:
818-289-2050: TELEX 3717727 WAYEER
US.

CIRCLE 200 ON FREE INFORMATION CARD

TV STEREO/SAP RECEIVER: Only $89.00
to turn your existing TV set into a true stereo
television. Simply hook it into a mono-aural
TV & tune it to the same station. Also avail
able 4.5 mhz SIF with picking probe & CATV
use only. 4 weeks delivery. INTEK ELEC
TRONICS, P.O. Box 76417, Los Angeles,
CA 90076; (213) 739-1664/388-9993

CIRCLE 195 ON FREE INFORMATION CARD

THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmits both sides of a tele
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y4 mile range. Adjusta
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S +H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD
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computer should chec k th e out 
put of the AID devi ce. The vo ltage
read there rep rese nts a refe rence
po int in relati on to w hich ot her
po sit ion s are known.

Som e AID co nverters requi re
supp ly vo ltages of ± 12 or even
± 15 vo lts . However, there are sev
eral 5-vo lt AID [C's on the market.
For exa mp le, Nat iona l Semico n
ducto r's AID0816 can di giti ze 16
cha n ne ls of ana log info rmat ion .
Each channe l has eight bi ts, so any
input between 0 and 5 volts w ill be
co nverte d to one of 256 d ig ita l val
ues in ste ps of abo ut 20 mY. O ther
AID lC's provide 12 bits, for a tot al
of 4096 di screte valu es.

There are several drawb ack s to
the analog approac h. The first is
that th e potenti om et er mu st be
co up le d physicall y to th e ar m 's
pi vot , and t hat may be d iffic u lt.
Also , th e mech ani cal drag of the
pote n t io mete r may adverse ly af
fect the operat io n of the arm. And
fo r the beginner, the most serio us
drawback may be crea ti ng the soft
ware required to operate the N D
co nve rte r.

Speed may also be a p robl em.
Many AI D co nve rters o pe rate
mu ch slower th an th e di gital sys
te·ms cont ro l li ng th em. Ofte n a
co mputer mu st wa it un til th e AID
co nverter is ready.

A ty pica l co mp ute r-to-A /D di
alog mi ght go like th is: The co m
puter asks fo r the current reading,
th en t he AID works o n th e re
quest. Some hund red s of mi crose
co nd s later, t he AID sig na ls th e
computer th at the current reading
is ready. Then the co mputer reads
the value. If necessary, th e process
the n repeats.

The speed prob lem can be al
levi ated by using a fast er AID con 
verter. However, they' re harder to
f ind and more expen sive than run
of -t he - mi l l hobbyist-grad e d e
vice s. And for experimental pur
pos es , a slow AID co n ve r te r
sho u ld p rove to be q uite suff i 
cient.

A s yo u can see, t here are a
nu mber of ways of gai n ing posi 
t io n in form ati on abo ut a robot
arm. Some of those meth ods are
more useful t ha n ot he rs in di f
ferent circumstances, bu t the dig i
t al app roac h is ge ne ra l ly t he
simp lest to im pl em en t as well as
th e most accura te . R-E
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