
P R 0 J [ C T 

Count objects with up to 255 pulses per count. 

ost object counters around 
today implement a mechani­
cal method of counting and 
those that don't use some very 
sophisticated and expensive 
methods of determining the 
presence of an object. These 

. _ may take the form of mag­
netic induction or single ended optical 
detection, both of which have some major 
dra\\backs. I required an object counter 
that could count objects of different size, 
shape, composition and orientation as they 
pass the sensor. 

I decided that an optical method was 
best suited to the task. For this reason I 
used an infrared transmitter and receiver; 
this was superior to the mechanical 
method because there is no physical con­
tact made between the object and the sen­
sor. I also had the problem that the object 
might break the beam more than once 
during the pass, eg, a car has two sets of 
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Fig. 1. Block diagram of theIR Object Cowzter. 
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wheels as seen from the side, giving two 
counts for one object, so a programmable 
divider was included to count once when 
the beam was broken a desired number of 
times. The number of objects that have 
passed the sensor is displayed on a seven 
segment display . 

How It Works 
As can be seen in the block diagram (Fig. 
1) an oscillator generates pulses of infrared 
light at a predetermined frequency, in this 
case 5kHz. This light is then detected by 
the receiver and amplified. The amplified 
signal is then fed through a filter that only 
allows a signal of 5kHz to pass, followed by 
a pulse shaping circuit which outputs one 
pulse every time the beam is broken. This 
is sent to the programmable divider or 
directly to the counters, whichever is re­
quired. 

The counters are decade counters 
and directly drive the displays from their 
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decoded outputs, thus eliminating the 
need for counters, decoders and drivers. 

Circuit 
The transmitter is based on the NE555 
timer IC configured in the astable multi­
VIbrator mode (Fig. 2). The advantage of 

Fig. 2 TraliSmitter circuit diagram. 
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Fig. 3. Receiver and cow2ter circuit. 
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0 using a pulsed beam in . preference to a 

continuous beam is that the beam can be 
encoded in a way that the receiver can dif­
ferentiate from any other light source. This 
allows the system to be used in optically 
noisy environments, such as those that are 
prone to lights being turned on and off or 
even the transition from day to night. 
These environmental changes can cause 
the receiver to trigger a false count. 

There is also a power saving \\hen using 
the encoded system because the output 
diodes are flashed on and off many times a 
second; the output is only on for half the 
time, so only half the power is used 

The timing components VRl, Rl, R2 
and Cl are selected to produce 5kHz at the 
output. VRl is incorporated so that the 
transmitter can be fine tuned to the op­
timum for the environment. The output of 
the NE555 can only sink loads up to 200mA, 
so transistor TRl is used to drive the output 
diodes as these take lOOmA each. 

Resistor R3 should not be replaced by 
a lower value than 3.9 ohms or this might 
damage the transistor TRl. R4 and D4 are 
only incorporated to indicate the connection 
of power to the transmitter as the output 
diodes do not emit any visible light. 

Receiver And Riter 
The device used to receive the infrared sig­
nal is the TILlOO photo diode (Fig. 3.). 
This diode works best when light in the in­
frared spectrum falls upon it. When the 
light falls upon the sensor the current flow­
ing through it increases. If this diode is 
connected in reverse bias across the supply 
through a pullup resistor, we can get a 
change in potential at the point where they 
meet; this is proportional to the light falling 
on the sensor. This potential is also oscillat­
ing at the same frequency as the transmit­
ter, so we can AC couple the signal to the 
an1plifier via Cl. 

The amplifier is designed so that only 
a signal of 5kHz can pass easily due to the 
feedback arrangement of R4, R5 and C2. 
At low frequencies, the gain of the 
amplifier is approximately 1:1, but at 5kHz 
the impedance of C2 decreases so that the 
gain of the amplifier increases to several 
thousand. The 5kHz frequency at the out­
put of the amplifier is then sent through a 
voltage doubler circuit D2, D3, and 
smoothed by R6 and C4. It then reaches 
the pulse shaping stage . 

.,.. Shaping 
Pulse shaping is required to shape the 
smoothed signal into a pulse with fast at­
tack and fast decay, eliminating the risk of 
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Infrared Object Counter 
a false reading by unwanted noise spikes. 
Noise spikes can occur by the switching on 
and off of light switches, etc., in the close 
proximity of the receiver. 

The first stage of the pulse shaping is to 
compare the input pulses with a knovm 
potential; this is done by a comparator cir­
cuit. A 741 operational amplifier (IC2) is 
used to compare the potential set at pin two 
by Lhe potentiometer VR1 - this is know as 
thl: reference potential. The input signal is 
cotmected to pin three and is then com­
pared with the reference potential. If the sig­
nal is greater than the reference, then the 
output goes high. If the signal potential does 
not reach the reference potential, then the 
output will remain low. By using a com­
parator all the noise spikes less than the 
reference potential are eliminated. The out-
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put of the comparator then feeds R7 and 
D4. This diode emits light when the beam 
remains unbroken and stops emitting when 
the beam is broken. 

The next stage is formed by 10 which 
consists of four 2-input NAND gates, which 
can be used as Schmitt triggers, simplifying 
the task of pulse shaping. (As the Schmitt 
trigger is a dedicated pulse shaping device, it 
is an obvious choice.) The input pulse is fed 
into the first two gates for shaping and the 
third is incorporated as an in~rter to invert 
the output of lOb ready to be fed through 
the dividing circuit. 

Pulse Dlvlclng 
As descnbcd previously, the pulse divider 
was incorporated to enable the use of the 
system in applications where the beam 
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Fig. 4. TI1e component overlay (top) and the PCB for the Object Cozmter. 
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might be broken more than once by the ob­
ject. By calculating how many times the 
beam will be broken by the object, this 
number can then be programmed into the 
divider so the output will only pulse once for 
every predetermined number of times the 
beam is broken, or once every time the ob­
ject passes. 

The programmable divider is virtually 
self-contained as IC4. The input is fed to 
pin one ofiC4 and divided by the value set 
by the program inputs, which are pins 4, 5, 
6, 7, 10, 11, 12, and 13. As can be seen, 
there are 8 inputs and these must be 
programmed in binary, with a binary 1 
equal to +ve and binary 0 equal to OV; 
this combination of 1's and O's is con­
nected to the programming inputs of IC4 
to give the number to be divided by. 

Resistor R12 and D5 indicate the 
output pulses from IC4. IC4 can divide the 
input pulses from 2 to 256; if a 1:1 count is 
required then the link should be made to 
bypass the counter- otherwise connect a 
link from divider to counters. The link 
should never go from the output of the 
divider to the bypass as the Schmitt trig­
gers cannot drive the LED and 10 would 
be destroyed 

Counter Driving 
Again in the counter driver section most of 
the circuits are self-contained in the chips 
and very few external connections are 
necessary. IC5 and IC6 are both decade 
counter drivers that count from 0 to 9 and 
reset to 0; also contained on the chips are 
seven segment decoders and drivers, al­
lowing seven segment displays to be driven 
directly from the decoded outputs. 

The few components that are as­
sociated with these ICs consist of 
capacitor C8 and switch Sl. These are 
both connected to the reset pin 15. When 
this pin is connected to the + ve supply via 
S1 the counters will reset. The capacitor 
C8 holds pin 15 high at switch on for a 
short while in order to reset the counters 
to zero each time the unit is turned on. 

Construction 
The circuits are constructed on the PCBs 
as shovm in Figs. 4, 5 and 6. It is advisable 
to use the PCB method of construction 
rather than Veroboard, as this would not 
be easy even for the experienced construc­
tor. It would also be possible to severely 
damage or totally destroy one of the chips 
with an incorrect connection. 

On the receiver driver board (Fig. 4) 
the wire links on the top of the board 
should be connected first using insulated 
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connecting wire (these replace the double­
sided PCB used in the prototwe). Then 
all resistors should be connected. The 
resistors should then be followed by in­
serting the signal diodes D2 and D3, en­
suring the correct orientation. Then con­
nect the remaining capacitors and LEDs, 
also ensuring the correct orientation. 

The ICs should be connected using IC 
SO<.kcts since it's very difficult to remove 
them once they have been soldered in place. 
Components IC3, IC4, ICS and IC6 are all 
CMOS devices and should be handled with 
all static handling precautions. D1 could be 
connected to the PCB or connected remote­
ly via two connecting wires, but pay par­
ticular attention to the orientation of this 
device. The long lead should be connected 
to the positive and the short lead connected 
to the OV line. 

The transmitter board (Fig. 6) is as­
sembled in much the same way, with the 
resistors and capacitors connected in 
place first. This should then be followed by 
D1, D2, D3 and D4 connected in forward 
bias with the long lead to the positive. 
Finally IC1 and TR1 should be connected 
in. The display board should cause no 
problem in construction but make sure 
that the display is the correct way around. 

Setting Up 
Before testing the board the programmable 
divider should be set up using solder links. 
All eight programming presets or IC4 must 
be connected to either positive for logic 1 or 
the OV rail for logic 0. Any count can be 
made between 1 and 255 and this is set in 
binary using solder links to the supply rails 
as shown in the connection diagram. 
Having worked out the number of times the 
object will break the beam, the number can 
be set up as an eight-bit binary code. 

Each preset input of IC4 corresponds 
to a single bit of an eight- bit binary num­
ber as follows: 

01234567 
1 2 4 8 16 32 64128 

Thus any number can be progrdll1II1cd 
up to 255 by connecting the appropriate 
input to either positive input or ground For 
example, if you require one count for every 
122 times the beam was broken: 

122 = Od28 + (h64) + (lx32) + 
(1~16) + (1(cg) + (1~2) + (~1) 

This is 01111010 in binary, set by con­
necting the programming inputs in the fol­
lowing way: 
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Fig. 5. 77ze component overlay (top) and 
the PCB for the display. 

Preset 7 goes to OV 
Preset 6 goes to + ve 
PresetS goes to +ve 
Preset 4 goes to + ve 
Preset 3 goes to + ve 
Preset 2 goes to OV 
Preset 1 goes to + ve 
Preset 0 goes to OV 

A word of caution: the preset inputs 
0-7 do not correspond to the IC pin num­
bers (see Fig. 3), so check before you start. 

Testing 
The transmitter may be powered by any 
voltage source of eight or nine volts. When 
powered up you will not be able to see 
anything being emitted, as infrared is in­
visible to the human eye. However, check­
ing pin three of the NE555 with either a 
high impedance earphone or an oscillo­
scope should confirm the presence of high 
frequency oscillation. 
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Fig. 6. 17ze component overlay (top) and 
the PCB for the traiiSmitter. 

The receiver is best checked by 
powering up and then bringing the trans­
mitter close to D 1 of the receiver, at which 
point the LED D4 should light. If it 
doesn't, try rotating VR1, a result should 
be obtained when it is set to a central posi­
tion. If the diode still stays unlit, check that 
photo diode D1 is connected the right way 
around, and also check that C3, D2, D3, 
are the right way around 

In use, the receiving diode should be 
covered by a light guide, thus making it 
more directional and less sensitive to stray 
pickup. A small piece of rubber sleeving is 
ideal for this. 

An operational range of up to 35m is 
possible. The only adjustment required is 
to alter VR1 on the transmitter and VR1 
on the receiver for optimum operation. It 
is also necessary to set the programming 
of the divider and the link to count pulses 
or count the output of the divider, as 
described earlier. • 




