
Detecting Distance With A LED

Introduction
Most micromice are designed to look down upon the walls.  This gives them extra

information (which is quite valuable in mapping the maze quickly), however I feel that it is
cheating.  Real mice don’t actually look down upon the walls they run past (maybe big rats, but
not mice).  For this reason, detecting the walls from the sides would seem to be considered
creative and new.  Detecting walls in this way could also lead to a micromouse with a lower
center of mass.  A few mice have been built to see the maze from within the walls, and so I’d like
to contribute to this new type of mouse.

Why Use Light Emitting Diodes?
LEDs are cheap and easy to come by.  They are also safer than lasers since you can’t make

them output an intense beam to burn a hole in someone’s retina or clothes.  And lastly, wouldn’t it
be great to find a good use for all those diodes and detectors you have just bought recently?

Emitting Light at a Maze Wall
Unfortunately maze walls are not designed for the use of LED distance detecting, so there

are no regulations that define a good reflectivity for the wall, and the tops of the walls happen to
be more reflective of IR than the sides of the walls.  At least the walls are not black, so they do
reflect something, which I think is plenty.

LEDs are related to lasers, so even though they shine a dispersed cone1 of light, it is

mostly confined to a small region of divergence.  This can give us confidence that much of
the light will make it to the wall we hope to project it on2.  The intensity of the light actually
making it to the wall can be written as:
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2 I don’t know how much light you can emit from diodes before they burn out, or how much
power is required to get them bright enough to see long distances.  My plan was to use them as
short range scanners.  I do know that IR Emitters and Detectors can be used to detect long
distances, so I’m certain that it can’t be too bad.  :-)

1 There is a good chance the light doesn’t disperse in a circular manner.  It may be elliptical, but
the amount of dispersion is still proportional to the distance.
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where Ie is the emitted intensity that makes it to the wall, Ieo is the emitted intensity at the source,
Ae is the area projected on the wall, re is the radius of the projected circle, ge is the ratio between a
change in radius per a change in distance, de is the distance traveled, and .�
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Reflecting Light from the Maze Walls
Once the light reaches the maze walls, we have no control on how it returns.  Most of the

light should return, but there is no guarantee with how much will return.  For this reason it would
be best if  the method of detection was not reliant on the intensity of the emitted light.  To do this,
two detectors can be used, placed at different distances from the wall to create a fixed offset, ∆d.

This comparison of the intensity from the point of reflection gives us a nice way of
removing the emitted intensity from our calculations.  We simply have to assume that the light is
reflected equally to both detectors.  If we can do this and assume perfect reflection, except for
some lost intensity represented by , then we can write:
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In this case α1 and α2 are related to any gain or attenuation of the sensed intensity due to
the detectors.  This shows that the distance can be related directly to the ratio of the intensity of
light at both detectors and the distance between them.  Notice that it has nothing to do with the
actual intensities, but is a ratio which is independent of  the amount of light reflected from the
wall.

Now, if  is decently small (for our purposes 0.1 is decent), then we can neglect the� d
d

squared term!  Then our equation would simplify to:
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Through further manipulations, we can find out what d1 is:
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Removing Noise From Signal
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There are two types of noise we must avoid, white and pulsating noise.  White noise3

threatens our detectors by washing out our signal, and/or creating a DC offset which can interfere
with the actual intensity being received from the emitter.  Pulsating noise can produce erratic
results by oscillating the input seen at the detectors.  For convenience, I’ll assume the pulsating
noise is at identifiable frequencies.

A common method of avoiding this noise (assuming our sensor input never saturates) is to
modulate the output of the emitter at a special frequency.  This can be done using a square wave
output at a set frequency.  The input signal can then be demodulated using the same square wave4

to receive a signal with reduced noise.

Essentially, modulating the output at a given frequency means the signal we are detecting
will be at that same frequency.  The signals we eventually detect is at the frequency of our desired
signal and other frequencies5.  If our signal’s frequency is chosen carefully, the demodulation
(performed by a multiplier) shifts the signal at that frequency into the DC domain and pushes the
other frequency noise into other non-DC frequencies6.  To remove the noise, which is now at
higher frequencies, we pass the signal through a low-pass filter.

Because whitenoise exists at all frequencies, it cannot be avoided.  However, if it is
consistent, it will only create a fixed offset to the input.  The offset should be determineable by
sampling the environment without using the emitter.  Once the offset is aquired, it can be
subtracted from the input to get an adjusted output.

Achieving a Stable Signal (Feedback)
Remember, we only care about the ratio of the two input signals, so why not try to fix one

of the intensities at a set value?7  This way our signal will always be measurable!  This would also
help reduce the problems associated with different mazes having different reflection coefficients
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7 There will come a point where we can no longer increase the intensity of the output, and at that
point the performance will probably start degrading with increased distance.

6 Since we are not using a sine wave, other frequencies can also be found interfering with the
signal, but they will be greatly attenuated.

5 If the modulation frequency is high enough, most noise will probably be found at lower
frequencies.

4 A square wave’s frequency spectrum roughly looks the same as a sine wave’s.  It has more
interfering harmonics, but for our application, it’s fine.

3 White noise consists of an equal amplitude of signal at all frequencies.

+1

-1

LPF Vd

Ve



for the sides of the walls.  The micromouse would simply compensate and adjust its output from
the LED as necessary.

This is a type of integrating control system.  Any difference from our desired value is used
to update and change our emitter voltage, Ve.  A good value must be chosen for f to keep the
system from updating too slowly, or becoming unstable.
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