eflective-opticdl sensors

are non-confact devices

that use a light socurce
and a photo-sensitive detector to
detect the presence or absence of
a reflective surface. To sense that
type of surface, the source and
detector are posifioned so the light
hits the surface at an angle; the
reflected light is then seen by the
detector. Infrared (R) sensors pro-
duce better results than visible light
sensors because IR energy in the
S00-nancmeier range is net normal-
ly present in large arnounis in visible
light. An IR sensor can be used ecsily
where ambient light might cause
false triggering of a visible-light
detector,
. Areflective surface” might lead
you to think of o surface such as a
mirror that's either present (reflec-
tive) or absent {(non-retlective).

However, while paper is a good -

reflector of infrared light, many dif-
ferent types of inks (and the
graphite in a lead pencil) do not
reflect IR energy very much. With

SRR

the right type of ink, we can use g
reflective IR optical sensor to maks
a device that reads a series of dif-
ferent widfh bars separated from
each other by a white space on a
card. One such bar pattern is the
Universal Product Coede, or UPC—
otherwise known as “bar” codes.
However, such a code is not limited
o the UPC standard, For example,
we can use g basic binary code
insfead. A system with simple wide
and narrow bars to code the ones
and zeros in a binary code resutts in
a bar code that is easy fo sense
and con have up 1o 32,767 possibil-
ities with oniy 15 bars.

The InfoCard project presented
here uses a low-cost reflective-IR
optical sensor and a simple intfer-
face circuit o create an electronic
identification system using any PC,
One such use of the InfoCard is for
coded-entry access by reading a
card and energizing an electric
door latch for authorized codes. If
you are good at programming PIC
chips or Basic Stamp devices, you

can readily adapt the InfoCard’s
Basic soffware routines 1o use the
reader as a stand-alone device.
The swipe cards themselves can
‘be made quickly and cheaply from
almost any available paper stock.
Best of all, the project cost is about
$10-815, depending on the parts
you might alrecdy have on hand.

Design Considerations. To find out
how far a reflective surface has to
be from the sensor in order to see
the most reffected light, we can use
the low of optics that says that
when light hils a surface at an
angle, the angle ai which it hits the
surface (the angle of incidence) is
equal fo the angle at which it is
reflected (the angle of reflection).
That is shown in Fig. 1A,

As you can see, the reflecfing
surface is af the perfect distance
from the light source and sensor to
pick up the greafest amount of
reflected light. If the surface is clos-
er or farther away, the amount of
energy that the sensor can detect
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Fig. 1.If a light beam strikes a reflective surface at an angle, it will bounce off at @ “mirror-image’

will drop off. That is shown in Fig. 1B.
If the reflecting surface is oo close
or too far,. the reflected light will riss
the sensor completely. Based on
the specifications of the reflective
sensor we want fo use, we <an
apply simple frigonomeiry formutas
to find the perfect distance from
the sensor to the reflective surface.
For the device called for, that dis-
tance works out to about 5/5, Inch.

But we shouldn’t sfop af just the
optimum distance; we should also
find the minimum and maximum dis-
tances. Again, using basic frigonom-
etry, we find that the surface should
not vary more than /5, Inch in elther
direction from the 5/4-inch distance.
With those numbers, the card guide
that we design should keep the
card between 1/ inch and 3/, inch
from the sensor.

One more piece of information
to keep in mind when working with
light has to do with the tendency of

angle {A). For best sensing, the surface must be within the area that the light source and detector
are focused on (B). If the surface is too close or too far away,

the light will not hit the detector.

ight o disperse from Ifs source. An
example of that can be seen in Fig
2A. The width of the beam will
affect how narrow o barcode siripe
can be seen. By adding an apsr-
ture as shown in Fig. 28, the resolu-
fion improves. The width of the

aperture must be large enough 1o

allow enough light to be reflected
back, but small enough to obtain
the desired resolution, The InfoCard
will be using @ Y/ ,inch-wide aper-

‘ture. That will st us space the bars

on the card 1/, inch apart.”’

Circuit Description. As you con see

in the schematic diagrom shown in
Fig. 8, the inferface circuit for the
InfoCard is quite simple and straighi-
forward. Reflactive IR senscr SENI

- contains o matched IR diode and

an IR detector in a'single case. The
current for the IR diode Is imifed by
R1: R2 is a pull-up resistor for the cok-
lector of the detector. That lefs o

proper voltage tevel always be pre-
sent at the positive input of IC2-b.
The negative Input is connected fo
an adjustable voliage divider made
up of R3, R7, and R8. By varying R7.
the voltage level at which the com-
parator switches can be sat,

When the positive input of IC2-b
is less than the neggative Input, the
output will be grounded. That .
occurs when a refliecting surface is
close enough o SEN1 fo reflect IR
fight onto the dstector. Otherwise,
the output will have no volfage on
it The LIM339 was designed that way
so that the output could be used in
circuits that needed the output
level o be different than the supply
voliage. Because of that, R4 is used
to puli up the output of IC2-b when
the output should be high. That sig-
nal is connected fo pin 11 of the
PC’s printer port.

A sacond comparator In IC2 is
used as an LED driver. When pin 2 of
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Fig. 2. Even laser light spreads out as It leaves the

Syt R

source (A). That spreading is called divergence. If

the spreading light is blocked by an aperture (B}, the light beam will have a greater pinpoint accuracy.

comt

1C2-b
1/4 LM339

tor {(IC1).

the parallel port is brought high,
IC2-a's output will be open. furming
off LED1. A low input fo IC2-a will
ground its oulput, letiing curent
flow through RS and LED1, turning it
on. Voltage-divider string R6 and R9
sot a switching level for IC2-a that is
compatible with the voltage leveis
present on the paradllel port.

Powser from any suitable voltage
source between 8 and 13 volfs Is
regulated fo 5 volts by ICT, with C1
and C2 providing filtering.

Construction. The construction de-

F ig.ﬁ 3 - The InfoCa}d’$ eircuit is built around a reflective optical sensor (SENI ) and a compara-
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/4 LM339

tails presented here are only for pur-
poses of building an [nfoCard
demonstrator. Once you are familiar
with the design and operation of
the unit, no doubt you'll be design-
ing your own custom housings and
instaliations. To begin, we'll start with
the card guides.

The dimensions of the card
guides are shown in Fig. 4. Use two
pleces of Y-inch-thick wood or
metal with the dimensions shown in
Fig 4A. Both pieces should have
their edges rounded s shown.
Keep in mind, however, that the

L : !
Fig. 4, The card guides need a slot in one of
them to mount the sensor. Use flat-head screws
to mount the sensor so that the guide slot will be
smooth. ’ :

rounding shown is greatly exagger-
ated. it Is important that the edges
be smooth so that a swipe card will
not hang up or tear as it s slid
through the guide. The edges that
will be rounded will be facing each
other fo form the guide.

Both guides will have holes drilled
in their botom edge as shown. |f
you are using mefal for the guides,
you will have fo tap threads info the
holes. Once that is done, sef one
plece aside—it is finished. The sec-
ond piece will have a notch cufin it
as shown for SEN1. The countersunk
holes will be used fo mount SENT;
the countersink goes on the Inside
of the guide. The holes shouid be
sized fo fit a 4-40 flathead screw.

install a pair of fiathead screws in
the countersunk holes with nufs. A
second -pair of nuts should then be
threaded onto the protruding screw
threads. Take a piece of perfboard
that is large enough to mount SENT
and drill two holes fo maich the
spacing of the flathead screws.
Mount SEN1 on the perfboard. That
assembly s then mounted on the
screws and held in place with an
additional pair of nuts. The second
and third nuts will form @ “sandwich”
that wilt hold SENT in position. Adjust
the position of the nuis so that the
front of SEN1 is perpendicular to the
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surface of the guide and about /s
inch below the guide’s surface.

An gperture is made from some
black electrical tape or a black
write-protect tab for a 5%-inch
computer disk, Cut the tape fo the
dimensions shown in Fig. 4B. A 1/ie
inch wide by %-inch long slit is also
cut in the tape. Piace it over SEN1
so that the slit lines up with the LED
and the detector in SENT.

A base piate s made from g -
inch hardboard or metal as shown
in Fig. 5. The four elongated holes
will be used fo mount the guides
and adjust the width of the slot. The
1/ -inch diameter hole will be used
for the wires that will connect SEN1
to the circuit board. If you wish 0
use a rubber grommet, you should

- gize the hole as needed.

Mount the two card guides onfo
the base with their rounded ecdges
facing fowards each other. Use
appropriate screws to mount the
guides to the base (wood screws if
the guides are made of wood;
machine screws if metal). Loosen
the screws holding one of the
guides and adjusi the spacing
between the guides so that an
index card can pass through the

- opening with ecse, but not move
* from side to side. Re-tighten fhe

guide In place and check the fit of
the index card to make sure that
the guide did not shiff or move
while tightening it down.

The interface circuit for the
InfoCard is simple enough fo build
on a perfooard by foliowing the
schematic diagram in Fig. 3.
Component placement Is nof criti-
cal.in place of SEN1, make a cable
from three equal lengihs of insulat-

' od wire fhat will be able fo reach

from the board o SENT. Make nofe
of which wires will be connected to
the various pins on SEN1.

A second three-wire cable wil
be used to connect the infoCard to
the PC.Again, three equal lengths of
29. or 24-gauge stranded wire are
used. Connect them 1o pins 2. 17,
and 19 of a 25pin connector. The
other ends of the wires connected
to pins 2, 11, and 19 are connected
to the circult according to Fig. 3.

Thread the three-wire cable for
SENT through the hole in the base
plate and connect the wires to
SEN1. If you are not sure which
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F ig. 5. T)zé basé plate has elongated slots so that the width of the card guide caﬁ he adjusied. The

wires from the sensor pass through the hole in the upper corner. If you are going to use metal for

the base plate, make that hole a bit larger and use a rubber grommet to protect the wires.

lecds are for the LED, measure the

resistance across the leads with an,

ohmmeter. i the ohmmeter shows
conduction in one direction. those
pins are the LED; if neither direction
conducts, they are the detector
Checking the LED with an chmme-
for will also show its pclarity.

If you want, you can mount the
circuit board o the bottom of the
base plate. A sef of long screws or

standoffs can be used as legs,
desired.

Making a Swipe Card. The coded
card consists of narrow (o repre-
sent a"0") and wide (fora™1") bars
separated by blank white spaces.
The wide bar must be at least twice
as wide as the narrow bar, and the
biank must be as wide, if not wider,
than the aperture. The bars should

be positionad on the card so thelr
bottoms are within 1/ inch of the
card's bofttom. Finally, the bars
should be af isast Y-inch high.

The bars are read right-fo-left
when iocoking atf the card with the
bars af the boitom. The first bar is
always narrow-—it is a1 reference bar
and is not part of the binary code.
The next fifteen bars are a binary
representation of a numper be-
tween 0 and 32767. The first bar
affer the reference bar is bit 0, with
edch bit proceeding in order from
there up io bit 14.

Making a swipe card is eqsy with
the program in Lisfing 1. When you
enter a number between 0 and
32767, the resulfing barcode is dis-
piayed on the screen. To print thart
paitern on a card, press "H”. Once
prinfed, cut away the excess paper
so that the card will be the correct
size. The program marks where the
edgss of the card sheuld be s .a
guide, -

Some printer inks are not IR
absoriing (such s the ink used in
Hewlett Packard ink jet printars), The
best results are obtained with g
laser printer or by photocopying a
card that has been prinfed. If you
don’t have access to a laser printsr
or a photocopier, you can fill in the
bars with o feit-fipped pen that has
IR-cbsorbing ink. You can use the
InfoCard’s tesfing and calibration
program in the next section to find
out if the particular felf-fipped pen
you plan to use will do the job.

Testing and Calibration. Apply
power to the InfoCard, connect it to
a PC's printer port, and foad the
QBASIC program in Listing 2. Using a
DC voltmeter, adjust R7 until the voli-
age on pin § of IC2 is about 4 volts,
Place a card in the card guide so
that a wide bar is directly in front of
the aperiure. Check to see if LEDT is
fit. If it is not, furn R7 fo increase the
voltfage level on pin 8 of IC2 until
LEDT comes on. Starf turning R7 the
other way slowly unfil LED 1 goes
ourt, then add an additional % tum.

If the swipe card is moved so that

SEN1 sees the white of the card.
LED1 sould tum back on.

If that procedure does not work
as it should, check the accuracy of
the clreuit wiring. make sure that all
components are properly orientaf-
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ed, and look for other basiC &rrors
that oceur when building an etec-
fronic circuit. Double-check the
wiring to SEN1. If you are not using @
swipe card created on ¢ laser
printer or photocopier. the ink you
are using might not be good for use
with the InfoCard.

Using InfoCard. The main program
for using and demonstrating the
InfoCard is shown in Listing 3. Notice
the varlables adf, adl, accessl,
timerelayon, and timeforerror in the
first few lines of the program.
Variabie ad0 is the address of the
paraliel port you will be using. A
decimal address of 888 is the
default location for LPT1. Variable
ad] points to the location just affer
ad0. As an dlternative, you can set
adl to equal ad0 + 1. That way, if
you change the port that you're
using. ad? will automatically track
which port you are using. Variable
access] is the card code that will
activate LED1. Variables fimerelay-
on and fimeforeror set the time
duration, respectively, of how long
LEDT will remain on and how long
the program wilt wait before reset-
ting itseif if an error occurs. You can
change each of those variables to
suit vour needs.

With the program running and
the InfoCard hardware connected
and powered up. the screen wil
simply say “Ready”. Run a card
through the reader. The card’s
value wilt be displayed. If the value
matches the value in accessi, LEDI
will light, Pressing the Escape key will
end the program, while pressing
any other key or waiting for the fime
specified by tfimerelayon wil reset
the program to the “Ready” mode.
If the card doesn't read properly,
the screen will display “Error in
Reading Card”. You can elther press
the escape key to end the program
or walt for the program fo reseft itself
to the "Ready” mode. In that case,
the delay fime before reset is con-
trolled by the fimeforerror variable,

Relays and Oiher Options. Rec-
piacing LEDT with an optolsolator
will let you inferface the infoCard
with other hardware that can be
controlied by an on-off-style switch.
Devices such as the MOC3010

(Continned on page 49)
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Here's the foil pattern for the solder side of the board. If you make your own board, the holes should

be plated through.

ings that you shouid keep in mind.
First of all, the maximum input voit-
age with the probes in 10X mode is
+60 wvolts; with the probes in 1X
mode it is only =8 volts. The second
point is more importani—before
hooling up the DSO to a new cir-
cuit, check to be sure that there is
no AC potential betwsen the
grounds of the circuit and the DSO.
A typical display of the DSO soft-
ware is shown in Fig. 3. You have
already become somewhat familicr
with a few of the DSO's operational
modes from festing and cdlibrating.
See the sidebar for a more detfailed
explanation of each menu option.
To experiment with the various
options, hook up the channel A
probe to the TP1. Sei the scope
mode to NORMAL, the trigger
made to SCOPE, the frigger levei to
8/16, and the slope to "+". Press F&
to acquire a sample, You should
see a sguarewave with the rising

edge of the signal under the litfle
frigger-position mark. Press the

- sscape key and then set the rig-

ger slope o "-". Press Fé to acquire
ancther sample, and the frigger-
position mark will be over the falling
aedge of the squarewave. When the
frigger is set correctly, a repefitive
signal should be steady in the dis-
play, You can experiment with the

gain and offset adjusiments and-

the other irigger settings using TP1.
Remember, if the trigger condifion
is not met, the display will not be
updaied.

A Digital-Storage Oscilloscope is
probably one of he handiest instru-
menis fo have on a test bench. The
author welcomes questions, com-
ments, and suggestions. He can be
contacted through e-mail af alfa
@gutoang.com, by telephone at
{B60) 489-8003, or by visiting the Alta
Enginaering Web site ot hitp:/ fwww.
guthang.com/alfa, Q

iNFOCARD CARD SCANNER
{continued from page 42)

{which has a Triac-controlled out-
put) con be used to confrol AC-
based devices. With a simple fransis-
tor switch, a small relay could also
be activated. If you do not wani fo
remove LED1, the demonstration
program also activates pin 3 of the
printer port along with LED1. Multiple
output circuits can be hooked up to
eins 4 through 9 with modification to
the program. if you use that pin, be
careful of any circuit that you con-
nect to the computer’s harcdware—
you might end up damaging your
printer port.

Muttiple InfoCards can be hook-
ed up to the same computer if, for
example, you want to read cards
from different locations. The basic
clrculf built around IC2-b is all thatis
needed. If you do not use LEDI, a
single LM339 can be used for up to
four InfoCard stations. Of course,
the program will have to be modi-
fied to accept input from the differ-
ent stations. Table 1 shows how to
change the input statement in the
program 1o read card information
from different input pins.

The InfoCard soffware could also
be infegrated info ancther program
or badch file to control access 1o lists
or other data in the computer
depending on a card’s code. You
can modify the program to have
muffiple access codes. You can also
add routines 10 look up the code in
a dafabase to provide related infor-
ration about the card holder. How
you use the InfoCard is limited only
by your imaginationt Q

It could be a best
seller. But it's free.

To get your free catalog, write:

Consumer informationGenter
Dept.BEST, Pueblo, €0 81609
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