


the lens is flat, the other side is convex,
see Fig.1a) that have been collapsed in
on themselves, while still maintaining
their optical characteristics. The FL65
Fresnel lens is one such lens that is
ideal for use in PIR motion sensors.
It is 1.5-in square, has a focal length
of 0.65-in and has a 10-degree field
of view. This specific lens comprises
an infrared transmitting material with
an IR transmission range of 8 to 14pm
(micrometre), making it the most
sensitive to human body radiation,
which is roughly 10pm in wavelength.
Fig.1c shows the infrared radiation
as it hits the Fresnel lens and how it
is focused onto the PIR sensor with
respect to its focal length.

You may well have seen Fresnel
lenses as a plastic, ribbed sheets used
for cheap, but flexible magnifying
lenses. They are also commonly used
in lighthouses and can be as big as
3700mm in diameter, such as in the
Makapuu Point Light in Hawaii,
which uses over a thousand prisms to
form its lenses (see: http://tinyurl.com/
nssg5hg). Their big advantage is they
can focus light without using huge
volumes and masses of glass.

Which PIR motion sensors to use?
There’s quite a number of PIR motion
sensors on the market available from
Adafruit, Sparkfun, Farnell and eBay.
Each of these have their own unique
advantages and  disadvantages.
This is where it can become a bit
of a minefield, as I found out when
researching this article. Learning
more about the technology and
understanding exactly what we want
is of course beneficial. We need
something that allows us to detect
motion up to a couple of metres
away, and also we want some sort
of signal that a microcontroller like
our PIC18F can easily discern as an
‘event’. Once we detect this event,
we can make a decision on what
the next course of action is — for
example, sound an alarm, turn on a
light or open/lock a door.

Analogue versus digital Sensors
Starting off with the most basic motion
sensor, we have the analogue dual-
element sensor. Some examples are
the LHi 968 from Excelitas Tech, the
IRA-E710STO from Murata and the
RE200B. These are the fundamental
parts of the PIR sensor itself. They each
have two elements, which monitor the
incoming IR radiation. If a difference
is detected between the two sensors,
then the FET is turned on and an
output signal is seen. The sensors are
constructed from pyroelectric sensor
elements connected to the gate of a
FET. When a difference in IR radiation
is seen across the two sensor elements,
a voltage is produced and the FET is
turned on, producing our signal on the
output (see Fig.2).

Just to be clear, by ‘analogue’
sensors, I mean the bare-bones
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Fig.3. Analogue versus digital output

pyroelectric sensor with no extra
circuitry, The main difference
between analogue and their close
relation the ‘digital’ sensor is the type
of output signal. Analogue sensors
output a nominal voltage during
normal operation and will change
this voltage by a certain amount
based on the detected IR difference in
the sensor. This difference in voltage
is usually quite low, in the range
of 10-15mV peak to peak. The top
oscilloscope capture in Fig.3 shows
the signal we’re dealing with here. It
is possible to connect these straight
up to a PIC and use an ADC pin to
measure the nominal, at-rest voltage
value. Then, anything outside this
normal range can be a triggered event.
Unfortunately, the output can be
quite noisy and discerning between
noise and a valid response can be
difficult and inaccurate. Our ADCs
are usually only 10 bits, giving us a
resolution of 3.2mV (3.3V divided
by 1024 bits), using a supply voltage
of 3.3V. This gives us about 5 bits of
difference, which really isn’t much
to work with. This can be used as a
simple circuit, but it is very sensitive

Fig.4. The EKMC1601113 digital output
PIR sensor from Panasonic Electric Works

and can trigger on even the slightest
temperature change in a room. While
this is a valid solution, I would like
to improve on this, which means we
will need to add more circuitry to
clean up and amplify this signal.

With a digital sensor, we are given
a clean digital output that is high
when motion has been detected and
low when it is at rest. This is exactly
what we want. The EKMC1601113
from Panasonic Electric Works
is one such digital signal output
motion sensor (see Fig.4). It is a fully
integrated PIR motion sensor, which
contains our Fresnel lens, giving us
up to 5m of detection range, as well
as containing all of our embedded
amplifiers and comparators to give us
a beautiful digital output, seen in the
bottom oscilloscope capture in Fig.3
(this sensor is also lead free as it is
constructed with lithium tantalate,
mentioned above). Most of the digital
sensors come in at around £7, while
the analogue sensors can cost as low
as £1.69.

In Fig.5, we have a basic
comparison of the Analogue LHi968
and the Digital EKMC1601113.
There is only an external 100kQ
resistor on the LHI968 circuit and
the output from this can be seen in
the top oscilloscope trace in Fig.3.
The output from the EKMC1601113
contains no external circuitry and can
be seen in the bottom oscilloscope
trace in Fig.3. The package sizes are
very close in size, but the difference
in functionality is huge, from a range
of a few centimetres to 5m in the
integrated sensor and an easy-to-see
output, the digital sensor is clearly a
winner.

Wrapping it all up

We’ve had alook at just a small number
of the motion sensors available to us
and how they operate. As we compare
analogue versus digital output sensors,
we might wonder why choose one over
the other. The digital output sensor
seems like the obvious choice. It is
more expensive because it contains
all the necessary system components
(Fresnel lens, amplification, buffer and
comparator circuits), but it’s drawback
lies in the fact we cannot customise
it. Each one is specifically designed
for one purpose. However, Sparkfun
offer a bulkier version, which allows
the user to tune the sensitivity of the
sensor and the delay time between
triggered events.

There is something to be said for
building your own circuit and tuning
it yourself using one of the analogue
motion sensors described above, plus
it is a lot more fun! For a quick design
guide to get you started, check out
the GLOLABS website (www.glolab.
com/index.html). You can find a few
interesting projects to help you build
your own pyroelectric circuits and go
beyond to building direction sensing
motion detectors as well.
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Next month

Now we’ve covered some basic
motion detection, how about some
very small motion detection using
an accelerometer and some haptic
feedback. Next month, we’re going to
take a look at how three-axis motion
detection in an accelerometer works,
what we can do with it and how we
can recognise a gesture in a handheld
circuit and in turn drive a haptic
response. And of course we will start
to look at connecting these devices to
a PIC.

Fig.5. Analogue and digital motion sen-
SOr circuits.
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