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Abstract

In this work, an electronic device which is able to receive a vibration modulated laser
signals had been designed, and these vibrations will be converted through the device to
hearable sound with high quality.
The transmitter represented by infrared laser diode of 808 nm and the receiver is a
complicated detector which consists of phototransistor to detect the reflected laser beam from
the window, an integrated circuit of LM358 to pre-amplify the electronic signal. First order
filter is to eliminate noises and unwanted signals, TDA2002 integrated circuit is to amplify
signal to nearly ten times from the incident signal to the TDA2002, speaker to hear the voice.
The vibrations are made by the source —which can be living or non-living source- will causing
a resonant frequency with the window. So, the incident IR laser beam will have this frequency
and through reflection from the window the reflected laser beam will have vibrations, these
vibrations will be incident on the photo-transistor and the receiver will work to output the
sound.
Experimental results proved that this device is able to function properly through 20 meter
with good sound quality, this was because of the use of (1 W) laser diode of 808nm.
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1. INTRODUCTION

The Infrared laser vibration sensor
Is a surveillance device that uses a laser
beam to detect sound vibration in a distant
object.
The object is typically inside a room where
a conversation is taking place, and can be
anything that can vibrate in response to the
pressure waves created by noises present in
the room.
The object has been preferably a smooth
surface. The laser beam is directed into the
room through a window, reflects off the
object and returns to a receiver that
converts the beam to an audio signal.
The beam may also be bounced off the
window itself. The minute differences in
the distance traveled by the light as it is
reflected from the vibrating object which
are detected interferometrically. The
interferometer converts the variations to
intensity variations, and the electronics are
used to convert these variations to signals
that can be converted back to sound.
Rippled glass can be used as a defense, as
it provides a poor surface for a laser
vibration sensor, minimum laser power
which is called threshold power that have
to be measured [1,2].

The basic theory of a laser vibration sensor
is the reflection ability of laser light when
it tricks a certain window, the reflected
beam angle (6r ) is equal to incidence beam

Figure (1): schematic diagram of light reflection
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angle (6i ).This is the basic law of
reflection, as shown in figure (1)[3].

Reflection of light is either specular
(mirror-like) or diffuse (retaining the
energy, but losing the image) depending on
the nature of the interface [4].

In addition, if the interface is between a
dielectric and a conductor, the phase of the
reflected wave is retained; otherwise if the
interface is between two dielectrics, the
phase may be retained or inverted,
depending on the indices of refraction [5].
A mirror provides the most common model
for secular light reflection, and typically
consists of a glass sheet with a metallic
coating where the reflection actually
occurs. Reflection is enhanced in metals by
suppression of wave propagation beyond
their skin depths. Reflection also occurs at
the surface of transparent media, such as
water or glass [6].

2. EXPERIMENTAL WORK

2.1 The sensor design

The sensor is completely an electronic
circuit, and is designed accurately to
function as receiver of the reflected laser
beam to be amplified, filtered and
amplified again to reach the speaker, and
figure (2) shows schematics of the
operation.
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Figure (2): schematic diagram of the
laser vibration sensor
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The laser is an incident to the glass
window which then absorbs the vibration
of the window.The reflected beam of laser
now having the absorbed vibrations of the
glass window and this reflected beam will
pass through the sensor phototransistor
which will transform this signal to
electronic signal and then the signal will be
amplified by the well-known integrated
circuit for audio amplification which is
LM358. After, the signal will be amplified
and filtered by 1st order filter of resistor
and capacitor then the blocking capacitor
will block DC and allows AC signal to
pass through the speaker which will give
the output as a hearable sound.

2.2 Practical design of the circuit:

As been explained in figure (2), which is
the basis for the design and a perfectly
successful design was designed as shown
in figure (3) :

The structure of the sensor which had been
soldered in an electronic board is shown in
figure (4).

Figure (3): The structure schematics of

Figure (4) :Internal view at the sensor
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From figure (4):
1. Phototransistor: for receiving light signal

2. Integrated board : to build the circuit in it
3. LM358 IC: to amplify the signal
4. Capacitors

5. Wires to be connected to the variable resistor

that controls sound volume.
6. Non polarity capacitor

7. Resistors

8. Non polarity capacitor

9. Diode: for safety purpose

10. TDA2002 IC: for amplification of the signal

11. Variable resistor
12. Zener diode

2.3 Final setup

The final setup of the project is shown in
figure (5), then the device is worked
successfully.

Alignment is the key procedure for good
sound output, therefore mounting holders
and bricks have been used to get excellent
alignment.

Figure(5): The final set- up.
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Detail description of the setup:

1. The mobile here is used as sound source
and is connected through headphone
connector wire to a speaker.

The output voltage with time when the
device is turned ON, and there is a
vibration made ( medium knock sound), as

2. The speaker is chosen for its high shown in figure (7)

vibrating capability and a round mirror is
pasted on the center of the speaker to let
the speaker be a reflector surface for the
incoming laser beam.

3. The power supply is set to 14 V to
supply the sensor with enough voltage to
operate.

4. The laser diode of 808 nm wavelength
with power of 1W was used to transfer the
sound from the vibrating speaker to the
sensor by means of reflection.

5. The sensor was connected with speaker
to hear the output sound.

6. Mounting holders were used for
alignment purposes.

7. The power meter was used to measure
laser power for many locations.

8. The Oscilloscope was used to view the
output as sound wave.

9. The sensor was put on small bricks for
alignment purpose.

10. The laser power supply.

11. Output speaker that displays sound.

3. Experimental results

3.1 Results at speaker terminals:

The speaker output voltage with time when
the device is turned ON, but there is no
vibration made is shown in figure (6).

Figure (6) :Speaker output ( no voice )
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Figure (7). Speaker output (with vibration
made)

The difference between the result of figure
(6) and figure (7) is that the figure (6) has
only one peak which represents the voltage
signal which is near 9 volts, but when
vibration is made near the device — which is
knock in the figure (7), the sound the has
been heared from the device's speaker is as
shown in figure (7) which represent the
knock, that off course indicate the
successful operation of the device.

3.2 Results at phototransistor

terminals:

The output voltage with time when
there is no vibration made is shown in
figure(8).
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Figure (8): Photo-transistor with no
vibration

The output voltage with time when
vibration us made, is shown in figure (9).
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Figure (9): Photo-transistor with vibration

Figure (8) shows voltage at certain peak,
but figure (9) shows the voltage at different
peak , this indicate the succession of the
phototransistor to receive different signal
levels.

3.3 Maximum allowable distance.

A MATLAB program has been designed
and executed to evaluate perfect values
of the absorption coefficient and the
allowable distance that the device works

in it perfectly.

After calculation of the sound absorption
coeffienct, a curve was plotted to show
the maximum allowable distance, the
result is shown in figure (10).
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Figure (10) : The power — distance curve
using MATLAB

The bold curve represents the allowable
distances to hear a good sound, the
critical power of the laser power is 0.11
watt which is at a distance of nearly 3500
meter or 3.5 kilometer, while the
unbolded curve represents a non-
recognized sound due to noises and laser
beam attenuation.

3.4 Laser diode power and current
relation

The curve is defining the relation
between laser power and laser current, as
shown in figure (11), the results was
drawn using MATLAB program. The
importance of this curve is that the
experimenters can't select a certain value
of laser power instead they will have to
select a current value.

‘The laser power and laser curent relation
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Figure (11). Relation between laser
power and laser current
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The figure shows proportional relation
between laser current and laser power until
the current reach a value of about 0.9 mA
the power will change proportionally but
with different increment.

Conclusion

1- The laser power is an important
parameter that affects sound quality.

2-The laser diode of any visible wavelength
will not work with the device that has been
designed only near infrared wavelengths
from 700-1100 nm can work but the laser
diode of 808 nm is the best for the
operation.

3- The incident laser beam should be
perpendicular to the window to achieve
minimum vibration losses.

4- Whenever the angle of deviation is large
the sound will have more noise.

5. this device is able to function properly
through 20 meter with good sound quality
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