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Abstract: In this work Laser wireless video communication system using intensity modualtion direct
detection IM/DD over a 1 km range between transmitter and receiver is experimentally investigated and
demonstrated. Beam expander and beam collimeter were implemented to collimete laser beam at the
transmitter and focus this beam at the receiver respectively. The results show that IM/DD communication
sysatem using laser diode is quite attractive for transmitting video signa. In this work signal to noise

ratio (S/N) higher than 20 dB is achieved in thiswork.

I ntroduction

Laser wirdess, aso known as free space
optics is a method of communication that
involves using a light source, usually a laser, to
transmit information through space or the
amosphere to a receiver. Optical wireess
communication is an effective high bandwidth
communication technology serving commercial
point —to- point link in terrestrial last mile
goplication, such as air-to-air, sadlite-to-
submaring, air- to- satelite, and satdlite-to-
satdlite  links, have severa @ attractive
characteristic such as dense spatial rescue, low
power usage license free band of operation, and
rdatively high bandwidth™*®. Optical wireless
communications (OWC) have attractive
atention from many researchers worldwide for
their potential advantages over radio links.
These advantages include the availability of
huge unregulated bandwidth; theoretically 200
THz. Optica wirdess links aso offer high data
rates, immunity to dectromagnetic interference,
and rdative security since it does not penetrate
walls [ ®1. The schematic structure of a basic
OWC system is shown in Figure 1. In optical
communication systems, the information signal
may be used directly to modulate the optical

carrier signal using intensity (amplitude), phase
or frequency, or the information is modulated.
Almost al practical opticd wirdess system (
Indoor and Outdoor) employ some form of
electricd modulation in conjection with the
intensity modulation with direct detection
(IM/DD) for its simple implementation and low
cost. . At the transmitter, a laser beam is
generated by an eectrical to optical process,
expanded and directed by a transmitting
telescope.  After  propagation through the
amosphere, it is collected by a receiver
tdescope, optically filtered and concentrated
onto the focd plane detector, and, finaly
converted into dectric current by a reverse
optic-to-electric  process. With the emerging
communication technology, size of signals such
as a video and high resolution images is
growing tremendously causing an increasing
demand for modulation schemes with lower
bandwidth requirement. Asynchronous
amplitude modulaion scheme is an aternative
to ON-OFF keying for a wireless video laser
communi cation.

The optical power loss of the propagating
laser beam through the earth’'s atmosphere is
mainly due to absorption and scattering losses
by the molecular species!”®.
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Fig. (1): Block diagram of the wirelles communication system

Theoretical Work

The transparency of the atmosphere for the
laser radiation is one of the most important
parameters in the calculating the attenuation.
This depends on the weather state and path
length (range). Atmospheric attenuation effect
upon the irradiance may be described as in the
following equation™

E=E, exp(- nR) )
where,

E. is the emergent beam irradiance at zero
range, R is the path length in km, and p is
atenuation coefficient expressed in km™, p is
the sum of the scattering d  and absorption

coefficients a

The amount of the received powe is
proportional to the amount of power transmitted
and the area of the collecting aperture. It is
inversely proportional to the square of the beam
divergence and square of the link length. It is
aso inversdy proportional to the exponential of
the product of the atmospheric attenuation
coefficient (km™) and thelink length!®).

The received power through the earth's
atmaosphere can be calculated as:

—p_Pe o 2
Pe= R e 2 &P ™ 2
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and,
Ao =p (D?/4) (3)
where,

Arec is the receiver optics area, D is the receiver
optics diameter and 6 is the divergence of the
laser beam in radians.

The SNR for a PIN photodiode receiver in
optical communication systemis given by :

S/N(dB):lologTDL 4
N
The Py represents the noise power in watts.

Experimental Work

In this work the experimental setup of the
laser video communication system was
designed and constructed containing three
major units, the transmitter with transmitter
tdescope, the channd which is represented by
the atmosphere and the receiver with receiver
tel escope.

In the transmitter unit, the eectric signal
comes from a collar CCD camera or TV signal,
which converts the video signal into dectrical
signal. Transistor type BC109 is used as a
preamplifier after biasing it with a suitable
resi stance and capacitors as shown in Figure 2.
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Fig. (3): The optical design of the transmitter tel escope. Fig. (4): Theoptical design of the receiver

telescope.
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Fig. (5): Thecircuit diagram of the receiver unit.
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The high speed operational amplifier LM359
is used to provide high gain bandwidth
produced with stable operation. The output of
LM359 is amplitude modulated and then
converted into optical signal through the optical
source with driver circuit. The opticd source
used in this work is a laser diode that emits
optical radiation a 650 nm, with maximum
optical output power of 1 mw. The maximum
current that passes through the laser diode is
120 mA during the driver circuit (Tr W39) with
current limiter (R) which gives a power output
of 1 mw. Transmitter telescope was
implemented as shown in Figure 3. It includes a
couple of two plano-convex lenses for 1 km
range with beam divergence of 0.6 mrad. These
optical signals then pass through the atmosphere
towards the optical receiver. The receiver
telescope shown in Figure 4 consist of two
lenses used to focus the laser beam into the
optical detector. The optical receiver, which is
responsible for converting these optica pulses
into eectrical equivdent pulses and removing
the effects of the different noise current sources
through transmission and obtaining an exact
replica of the transmitted signa, contains an

PIN photodetector type BPX 65 with arise time
of 12 nsec and a peak responsivity of 0.55 A/W.
The circuit diagram of the receiver unit is
shown in Figure 5. Output signal from optical
detector should be amplified by a preamplifier.
A dual, high speed LM 359 is used for this
purpose. Each stage is designed to amplify the
signal 10 times. The final stage in the receiver
unit is the low pass filter (Tr D637) then the
video signal is fed to a monitor.

Results and Discussion

The results of the free space laser video link
includes measurement of the beam divergence
of the laser diode, calculating optical power
received at the detector, and the signal to noise
ratio at optical receiver after the atmospheric
attenuation. The average value of the full
divergence angle for a laser beam is 0.6 mrad
measured a the receiver telescope. The
parameters of the transmitter telescope and
receiver telescope are listed in the Tables 1 and
2 respectively.

Table(1): Parameters for the designed beam transmitter

Lenstype L eft side Right side Focal diameter Thickness
radius of radius of length D (mm) (mm)
curvature curvatureof f(mm)
of lensR1 lens
(mm) R2 (mm)
eye -10 © -20 7 05
Objective 120 -120 120 42 4
Table (2): Parameters for the designed beam receiver.
Lenstype L eft side Right side Focal diameter Thickness
radius of radius of length D (mm) (mm)
curvature curvatureof f(mm)
of lensR1 lens
(mm) R2 (mm)
eye -12 0 -24 7 0.33
Objective 140 -140 140 45 4
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In this work, the cdaulated and
experimented results of the received optical
sgnal of the system are presented. The
maximum output power for laser diode pointer
is 1mw and the measured laser beam divergence
is 0.6 mrad, A, Of the optical receiver is 0.0028
m?, the attenuation coefficient is 0.478 km™ for
650 nm  waveength was  measured
experimentally by measuring the transmittance
for this wavelength. The vaues of the optical
power received were substituted in equation 4.
The calculated and experimental values of S/N
for the system that was designed and
constructed is shown in Figure 6, where the
noise power (Py) is 100 nW due to therma
noise, shot noise and background noise.

Figure (6) gives us a high quality received
video signal, when the distance between the
transmitter and the receiver is about 1 km while
in other studies such as that of E. Woldit and M.
Yong the ratio of the voice signal was less than
that!™!.
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Fig. (6): The system quality (S/N) of the video signal
as afunction of the distance

Conclusions

A high quality  wirdess  video
communication system for 1 km optical length
was achived expermintally using IM/DD with a
smple impementation and low cost. Laser
wireless system using IM/DD offers a method
to transmit high quality video signals over a
wide range distances. To measure the
transmission quality with respect to noise the
S/N of video signal transmitted over a link is

calculated and measured expermintally . Results
show that an increase in the laser power leads to
increasing the maximum  distance for
transmitting optical power. Experimental results
proved the development in video transmission
using laser diode over a 1 km range with signal
to noiseratio of 20 dB.
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