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ABSTRACT

As voice communication is the most important agtiamong whomever living in the
society. Different modes of communication are uséor voice communication.
From the beginning of technological advancementnymprocesses have been used for the
voice communication purpose and among those; L¥sere Transmission Process is much
more useful because of wireless connectivity am@ from disadvantage of radio frequency
interference.  This project includes analysis angtesn level development of voice
transformation between transmitter and receivere Tight beam is transmitted through free
space and it deals with the designing of a very ¢ost voice transmission system. The carrier
used for the transmission signal is typically gatent by a LASER source. Hardware of this

voice transmission is performed by Laser commuitnagystem.

Keywords: LASER source, voice transmission, Photoamsistor.
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Implementation of Optical Communication System forVoice Transmission

CHAPTER ONE
1. INTRODUCTION
1.1 Background

As LASER (Light Amplification by Stimulated Emissioof Radiation) is stimulated
radiation, problem of interference occurs in el@ctagnetic wave is eliminated, it can be a good
substitution of present day voice communicationesys.

It transmits high quality voice and the link istuially impossible for anyone else to tap into.
An important feature of transmission by laser beanprivacy. Because a laser beam is
intentionally narrow, it's virtually impossible feomeone to tap into the link without disturbing
the link. If someone intercepts the beam, the Isbroken, signaling the interception. Fiber-
optic cables also have high security, as it's d#ficult to splice into the cable without breaking
the link. However it's theoretically possible; so the highest security, we probably cannot beat
a line-of-sight laser beam.

Also it cannot be detected with use of spectrunlyaees and RF meters and hence can be
used for diverse applications including financiakdical and military. Laser can also transmit
through glass; however the physical properties & glass have to be considered. Laser
transmitter and receiver units ensure easy, stfaigtard systems alignment and long-term
stable, service free operation, especially in ieasible environments, optical wireless systems
offer ideal, economical alternative to expensiveaskdl lines for buildings. LASER

communication is both wide-band and high-speed.

1.2. Statement of the Problem

The present systems used in our country astlyn telephone or mobile phone for
voice communication purpose which always requirargimg for any call whether neighboring
or far away. To overcome this voice communicatiawbfem, and to reduce cost, laser
communication for voice transmission can servedafitianal alternatives, since it requires only

initial cost and installation cost. So our motieatis to increase service and reduce cost.

Adama Science and Technology University 1



Implementation of Optical Communication System forVoice Transmission

1.3. Objectives
1.3.1. General Objective

The main aim of this project is to construct a ltasenmunication system by using low

cost laser source.
1.3.2. Specific Objectives

* To implement light based voice transmission aneépgon system by using light

from a laser source as the carrier of the signal.

» To provide a better voice transmission between rovde (TX) to another node

(Rx).
* To simplify the circuit for optical transmissioncgreception.

1.4. Scope of the Project

The working scope of this project is to design &odt one way voice communication
systems by using Laser source. In this project woeksimplex method includes the design and
application of hardware of optical Laser transmitted receiver (photo transistor) that can solve

specific problems of communication systems on stlistance communication.

Optical wireless communications (OWC) have attvactattention from many researchers
worldwide for their potential advantages over rda&s.
Also this project work has supporting more for dstieeapplications/ mobile phone /telephone

consumers in our Ethiopia country in near future.

1.5. Significance of the Project
Laser communication is a wireless communicationtesgswhich is economic, reliable

and can replace costly optical fiber communicatiad radio signal. Vast data can be transmitted
with less interference and crystal clarity with thedp of Laser. Different kinds of Laser based
transmission system has been implemented for diffepurposes by using various electronic
equipments. It can also be used for inter buildiogpmunication like in office or in a conference

room. It is the cheapest design within the rangewér middle class society.

Adama Science and Technology University 2



Implementation of Optical Communication System forVoice Transmission

The design is so easy, inexpensive and makeabitetiagt available equipments that the
technical as well as non technical person can oactst by themselves for their personal use.
This device can eliminate the expenditure by sgtiinover the roof top with only minimum
construction costNo communication license is required, no cablesinede burial, no complex

network of switches and amplifiers are needed dswllarge information capacity transmitted.

1.6. Limitations of the Project

* The factors such as beam dispersion, backgrourd, Ighadowing, rain, fog, snow,
pollution, smog causes an attenuated received|sagiddead to higher bit error rates.

» Limited up to the range of 100m.

» For longer distance communication high power Léseequired which is costly.

1.7. Project Outlines

This project is entitled as “optical communicatisystem for voice transmission” and
consists of the following chapters with detail dgstton. Chapter one introduce the project.
Chapter two gives a summary of literature revielatneg within the thesis scope. Chapter three
describe the working principles of designed systérile Chapter four deals with System design
and analysis. Chapter five describes the desigrsemndlation analysis. Chapter Six conclude the
project and also recommend for the future work.

Adama Science and Technology University 3
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CHAPTER TWO

2. LITERATURE REVIEW
2.1. Literature Review of Related Project

Optical communications has not been started in mmoea. All Modern day optical fiber
communication is based on ancient system. The ifuminog Laser was first operated by
Theodore H. Maiman [1] and first visible light laskode was demonstrated by Nick Holonyak
[2] and latter it was improved by several sciengbtthe world including USA at IBM, MIT
Lincoln Laboratory [3]. Laser diode is suitable fasing in optic communication as it is
monochromatic (coherent) light source and easy mtateki [4]. A project has been done to
transmit voice data from one station to other fwors distance by using different types of high
guality and costly lasers such as Gas lasers, @Cla¢hasers, Excimer lasers, Fiber-hosted lasers,
Photonic crystal lasers, Semiconductor lasers, agers, free electron laser etc. where one
condenser microphone for capturing sender voice, toemsistor BC548 as amplifier, a photo

transistor as receiver and a LM386 basic power diemplC and 0.5w Speaker was used [5].

In other project, signal was transmitted by usiagel torch through laser beam just like
fiber optic communication. In this system, in tranitser a 9v condenser is used for taking the
audio signal coupled with laser beam and in receaveNPN photo transistor, common emitter
amplifier and speaker is used [5]. Another progdaser torch based voice transmission system
was constructed with Laser torch (up to wave ledgt®20nm), IC 741 as volume controller, BC
548, BD 139 as electrical signal amplifiers, Corgien(electrostatic microphone) in transmitter
and IC 741, IC 386, with 2N5777 Photo Transistat @rbw/&2 Speaker in receiver [5]

Adama Science and Technology University 4
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CHAPTER THREE
3. WORKING PRINCIPLES OF DESIGNED SYSTEM
3.1. Methodology
Systematic design approach is called design hadelogy which is necessary for
successfully designing a complex hardware. Ty be involving systematic approach of
development. This project consists of six stepgiblem analysis, circuit design, circuit
simulation, circuit constructing, testing and impknting.

Figure 3.1 shows one of the possible block diagraeatment of the Optical
Communication System for Voice Transmission. Itbhi®ken down into Input subsystem,
Amplifier subsystem, Modulation sub system Transngt subsystem Receiver subsystem
Demodulation subsystem and output subsystem.

Microphone Amplifier & Transmitter systen
—> Modulator (LM386) (Laser Source)

\ 4

Communication System E:>

(Loud Speaker) Amplifier & Receiver unit
- Demodulato(LM386) [ (Phototransistor)

Figure 3.1: Block diagram of optical communicatgystem

The Voice transmission through optical wireless samication link using a Laser is to

create a new form of optical communication to stycend marketed with small size and low

cost.

Adama Science and Technology University 5



Implementation of Optical Communication System forVoice Transmission

The link consist a transmitter and a receiver batttwhich are battery powered and
permanently fixed. The transmitter circuitry talkeslata stream and then modulates the current
through a LASER. The LASER sends photons with isitess proportional to input data bits
across the Voice transmission through Optical wsglcommunication link to a phototransistor.
The phototransistor is connected to the receivachvbhonverts Optical power into an Output
voltage.

3.2. Design and Working of the System

There were two sections, transmitter and receieth powered by a separate 9V fixed
voltage power supply. The transmitter board comtim microphone and a laser torch at
opposite ends. The electronics equipments contrtitie intensity of the laser beam according to
the output of the microphone. A photo transistos wathe receiver as a receiving element and
the high gain amplifier with a basic audio outptaige powers a small speaker.
Laser torch starts emitting light after its threshourrent. The output light is proportional to the
current through the torch. Amplitude modulation ¢@ssen the distortion in laser beam output.
A 650nm, 5mW laser torch used in this project case gfs maximum output with a threshold
current of 30mA. Further increasing the current damaged the torch. The block diagram of
working principle of the system is shown in Fig@t2 below.

. , Transmitting — Laser — Receiving::> Loud
Microphone section torch section speake

Figure 3.2: Working Principle of Voice TransmissiBystem

Adama Science and Technology University 6
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3.3. Input and Output Voice Signal

We have observed a small difference between thet iapalog signal from microphone
and the output analog signal from speaker is duthéothermal noise effect as shown in the
figure 3.3. The input and output voice signal idr@dsed by this flow chart below.

Transmitte @

y
Input signal (microphone)

A

Op-amp amplifie

A
Gain controller

y
Modulator

Receive v
Light-sensor

y
Pre-amplifier

y
Audio power amplifier

|

Output (speaker)

End

Figure 3.3: Flow chart of total working order oéthystem.

Adama Science and Technology University 7
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CHAPTER FOUR
4. SYSTEM DESIGN AND ANALYSIS

4.1. Transmitter Circuit Operation analysis

The microphone is the audio input. C1 is a coupbagacitor that connects the audio
from the microphone to VR1. VR1 couples the audiéGl (LM386) which amplifies the input
audio to some more. The audio from the IC is traried to R2 which transports the power to
the LASER Torch. This puts the audio onto the ligham. VR2 is a variable resistor which
adjusts the gain of the IC1 LM386. C4 and R1 arergrcfilters that remove noise from the
power supply. The other resistors just supply gkt voltage to the various parts.

The microphone was powered through C1 which wasdad both inverting and non
inverting input of IC1 (LM386) through VR1. The aadl system sensitivity and the intensity of
the LASER beam depended upon the adjustment of YR8.audio modulation voltage comes
from the VR1 is driven by audio amplifier stage ICIM386), was faded to the +ve polarity of
the LASER torch and the laser current varied byiagdot3mA beyond its set point.

Adama Science and Technology University 8
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C2
@ Vin [l

o RV2
g | 20
® 100u
‘[ — ®
[le] K| [oe]
i , N
J< aF \\ 5
10k 2 _|C]/
1. LM386 o I:I R2
.  — 10
T Bl 0.047u
ov
| R3
__I__ — C3 56
10u
RV3
R1 D1
LASER
100
MODFILEEPOT_LIN
PRE-MTO[75
GND

Figure 4.1: Laser source based voice transmitteuitiproteus (simulator)
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« Transmitter

1x10™%

Cl= 1/2—[le = 2x3.14x 1.6kHz x10 = 100uF
VO = (Ve*Ruod/(RoutRin) = o022 = 4.5V

1 1
C4= = =0.0796uF

2xnxfxR  2x3.14xX20kHz x 10Q
1x10°

fu= 1/(2r[fC4) = 2x3.14)§( 220x10 =7.2kHz
fi= 1/(2nCy) = —X1C =1 gkHz

2x3.14x50Hz x 100

Bw= fy- f_ = 7.2kHz-1.6kHz =5.6KHz

The project enables us mmmmunicate with our neighbors wirelessly. InsteddRF
signals, light from a laser torch is used as tlrearain the circuit. The laser torch can transmit
light up to a distance of about 100 meters. Theqgihansistor of the receiver must be accurately
oriented towards the LASER beam from the torchihdfre is any obstruction in the path of the
LASER beam, no sound will be heard from the reageil&e transmitter circuit (Figure 4.1)
comprises condenser microphone followed by an Opstage built around LM386 (IC1). The
AF output from LM386 (IC1) is coupled to R2, whitzhturn, modulates the laser beam.

The transmitter uses 9V power supply. However, 3h&5volt laser torch (after the
removal of its battery) can be directly connectedthie circuit with the body of the torch
connected to the resistor of@@nd the spring loaded lead protruding from ingle torch to

circuit ground.

4.2. Receiver Circuit Operation
The Transmitted Laser beam was detected by phatosistor whose resistance is
inversely proportional to the intensity of receryilight. A resistor R1 was used to drop voltages
of supply before connecting to the photo transistor

Adama Science and Technology University 10
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R6
* + , g — *
1k
R3
” R1 l R2 220 ca
6.8k 4.7k C5 _‘E
I{ = RV1 o
Cr|4| QE inF w|=|wo
1} BC549 ] . 5 ‘;.\ U1 C
47oF — Cé MJ- ? , [Mass o
C3 100uF - N
Q1 -~
* | + BC549 Tk o
I l =-|r=
0.01uF R5 H RT
| 10
INSTTT| ¢ prm —~cr
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Figure: 4.2: Designing of receiver circuit by usidgteus software (simulator)
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* Receiver

VecRpr _ 9Vx68k _ 61.2V

Vri= = =
Bl™ Rgi+Rs  6.8k+470k  476.8

=0.128V = 128mV

Rg XR5 6.8k x 470k

Re, Q1 =RIIRi0= Ro+Rs  6.8k+470Kk 6.7k
RB1XR2 6.7k x 4.7k _
Re2 02= Reull R2= Rg +R, 6.7k+47k 2.76k
ler = (Va1 + 0.7 “\L)/(Ry +Rayf B +1) =2228VH07V=N) — 9 00173A
6.7k

Vo= Vce— xR, = 9V- 0.00173Ax4.7k=1.01V

Vg2 +0.7V=Vc 2.76K

o=~ 8 = (LOV+0.7V — 9V)/ (2.2KC5

B+1

) = 0.00328A

The receiver circuit (Figure 4.2 above) uses an NiRbtotransistor as the light sensor
that is followed by a two-stage transistor preafrgsliand LM386-based audio power amplifier.
The receiver does not need any complicated alighndeist keep the phototransistor oriented
towards the remote transmitter’s laser point andishidhe volume control for a clear sound.
Photo transistor is a photo sensitive transistackvheceives the light from the LASER diode of
transmitter. The transistor puts out a signal iharoportional to the light from the LASER. This
is not only receiving the signal it's also demodelthe signal. C1 couples this audio to Q1 and
Q2 which amplify the signal. The signal is then gled through C4 to VR4. VR4 is a volume
control for IC LM386. LM386 (IC2) amplifies the sigl more and drives the speaker (LS).

To avoid 50Hz human noise in the speaker, keephimotransistor away from AC light
sources such as bulbs. The reflected sunlight, hWemveloes not cause any problem. But the
sensor should not directly face the sun.

4.3. Full circuit diagram for optical transceiver module
The transceiver circuit diagram below shows theegantransmitter and receiver of optical

communication system for voice transmission sepbrain the same plane.
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Figure 4.3: Circuit diagram of transceiver of opticommunication system for voice transmission
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4.4. List of Components used in this project work
i. LM 386 (IC)
ii. Laser source
iii.  Condenser Mic
iv. Resistors-6.8R, 2.2kQ, 4.7k, 4702, 1kQ, 10Q, 56Q2.
v. Variable resistor (potentiometer)-1Qk20Q2, 10Q2
vi.  NPN Photo Transistor (2N5777)

Vii. Speaker-0.5w/8)

viii.  Ceramic Capacitors-47pF, 0.01pF, 0.1uF, 0.047uF.
ix.  Electrolytic capacitor-(1puF,100uF,10uF,470uF) 1690(F,100uF) 25V
X.  Battery- 9v
xi.  Battery Connector

xii. ~ ON/OFF Switch

xiii.  Printed circuit board (PCB)

4.4.1. Low Voltage Audio Power Amplifier (LM386)

The LM386 is a power amplifier designed for uséom voltage consumer applications.
The gain is internally set to 20 to keep exterraat gount low, but the addition of an external
resistor and capacitor between pins 1 and 8 willdase the gain to any value up to 200. The
inputs are ground referenced while the output i®raatically biased to one half the supply
voltages. The quiescent power drain is only 24 mdtts when operating from a 6 volt supply,

making the LM386 ideal for battery operation.
Gain E O E Gain
-Input E 3 Bypass

LM386

Figure 4.4: Pin Diagram of Operational Amplifien(B86)
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4.4.1.1. Application and Gain Control

To make the LM386 a more versatile amplifier, twiasp(1 and 8) are provided for gain
control. With pins 1 and 8 open the 1.33 kesistor sets the gain at 20 (26 dB). The capaisto
put from pin 1 to 8 and bypassing the 1.3 tdesistor, the gain will go up to 200 (46 dB). If a
resistor is placed in series with the capacitog, ghin can be set to any value from 20 to 200.

Gain control can also be done by capacitive cogpimesistor (or FET) from pin 1 to ground.

6
o \s
; 15K ®
BYPASS _ I:
15K GAIN GAIN
g8 15K Y 5
{ V\/ Vout
150 1.35K
2 3
AINPUT +INPUT q

P_ ! hj + iGND

- - L L

Figure 4.5: Schematic diagram of LM386.

Additional external components can be placed ilpdrwith the internal feedback resistors to
tailor the gain and frequency response for indigldapplications. For example, we can
compensate poor speaker bass response by freqekaping the feedback path. This is done
with a series RC from pin 1 to 5 (paralleling théernal 15K resistor). For 6 dB effective bass
boost: Resistor 1%k, the lowest value for good stable operation is RORQ if pin 8 is open.

If pins 1 and 8 are bypassed then R as low & @k be used. This restriction is because the

amplifier is only compensated for closed-loop gajreater than 9.

Adama Science and Technology University 15



Implementation of Optical Communication System forVoice Transmission

4.4.1.2. Input Biasing

The schematic shows that both inputs are biasegiadond with a 50  resistor. The
base current of the input transistors is about 258p the inputs are at about 12.5 mV when left
open. If the DC source resistance driving the LM88&igher than 2504, it will contribute
very little additional offset (about 2.5 mV at timput, 50 mV at the output).

If the dc source resistance is less thanti,Gken shorting the unused input to ground willfkee
the offset low (about 2.5 mV at the input, 50 mVtla¢ output). For dc source resistances
between these values we can eliminate excess tiysptitting a resistor from the unused input
to ground, equal in value to the dc source resista®f course all offset problems are eliminated
if the input is capacitive coupled. When using 386 with higher gains (bypassing the
1.35lQ resistor between pins 1 and 8) it is necessatyyfiass the unused input, preventing
degradation of gain and possible instabilities.sTisidone with a OF capacitor or a short to

ground depending on the dc source resistance adritren input.

4.4.2. Laser Diodes

A laser is a device that emits light (electromagneadiation) through a process of
optical amplification based on the stimulated obtaims. The term "LASER" originated as an
acronym for Light Amplification by Stimulated Emisa of Radiation. The emitted laser light is
notable for its high degree of spatial and tempoodlerence. Stimulated emission of radiation is
a natural process first identified by Einsteinoticurs when a beam of light passes through a
specially prepared medium and initiates or stineddhe atoms within that medium to emit light

in exactly the same direction and exactly at thmesavavelength as that of the original beam.

Lasers are devices that amplify or increase thensity of light to produce a highly directional,
high-intensity beam that typically has a very plueguency or wavelength. Lasers are a primary
component of some of our most modern communicaysitems and are the probes that generate

the audio signals from our compact disk players.
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N\ . ‘\/ PD
= . 1.LASER cathode

C 2. Common Case
3. Monitor Diode Anode

Figure 4.6: Pin out Diagram of Red LASER Diode.

The wavelength of this visible laser diode lightpaut is 650nm, its Optical power output is
5mW CW and Package type is 5.6mm with Built-in ghdibde for monitoring laser output.

The Rate Equations
Rate of change of photon numbers = stimulated éomissspontaneous emission + loss

as _ _9
E_QM+RW o s 4.1

Rate of change of electron numbers = Injectionanggmeous emission + stimulated

spontaneous.

o TP UTPRR 4.2

dt dd Tsp
J is the current densityRasp is the rate of spontaneous emission, i¢he photon ratets

spontaneous recombination rate, and C is the aunsta
Efficiencies of Laser diode

Internal quantum efficiency

number of photons generated in the cavity 4.3

Uin =

number of injected electron

External quantum efficiency

External power efficiency
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_ DPe
uep = F ....................................................................................................... 4 5
NI P = IV e e e e e e e e 4.6

The stimulated emission process yields an incr@agghotons as they travel along the wave
guide.
iii.  Lasing Condition

Combined with the waveguide losses, stimulated sonsyields a net gain per unit length, g.
The number of photons can therefore be maintaihteeiroundtrip amplification in a cavity of
length, L, including the partial reflection at timérrors with reflectivity R and R equals unity.

This yields the following lasing condition:
Roundtrip amplification ZERIR2= L....ccvviviiiie i e, 4.7

If the roundtrip amplification is less than onertltee number of photons steadily decreases. If
the roundtrip amplification is larger than one, thember of photons increases as the photons
travel back and forth in the cavity and no steadyesvalue would be obtained. From equation

(4.6) above the gain required for lasing theretageals:

Initially, the gain is negative if no current isphied to the laser diode as absorption dominates in
the waveguide. As the laser current is increadeel,absorption first decreases and the gain

increase.

4.4.3. Photo Transistor (2N5777)

The standard symbol of a phototransistor, which banregarded as a conventional
transistor housed in a case that enables its saductor junctions to be exposed to external
light. The device is normally used with its baseemgircuit, in either of the configurations

shown in figure 4.7 and functions as follows.
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—— FRONT VIEW

2ZM
STTT

Figure 4.7: phototransistor (2N5777)

In practice, the collector and emitter currenthef transistor are virtually identical and, since th

base is open circuit, the device is not subjeatesignificant negative feedback.

In practice, the collector and emitter currenthef transistor are virtually identical and, since th

base is open circuit, the device is not subjeatesignificant negative feedback. Consequently,
the alternative figure 4.8 circuit, in which R1 ¢ennected to Q1 emitter, gives a virtually
identical performance to that of figure 4.7. Thessgvity of a phototransistor is typically one

hundred times greater than that of a photodiode.

ov

Figure 4.8 Schematic diagram of phototransistor.

Phototransistors are solid-state light detectots witernal gain that are used to provide analog
or digital signals.

They detect visible, ultraviolet and near-infraleght from a variety of sources and are more
sensitive than photodiodes, semiconductor devitasrequire a pre-amplifier. Phototransistors
feed a photocurrent output into the base of a ssigitial transistor. For each illumination level,

the area of the exposed collector- base junctiahthe DC current gain of the transistor define

the output.
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4.5. The Power Received in Free Space Optical Link

We found that the amount of the received powerdpgrtional to the amount of power
transmitted and the area of the collection aper{B®geive). It is inversely proportion to the
square of the beam divergence (Div) and the sqofitbe link range(R). It is also inversely
proportion to the exponential of the product of gtmospheric attenuation coefficiepd (The

total power of the received signal through theRéatmosphere can be calculated by:

A i Lt
e x etH T RAN) 4.9

] car= P i e o
receiver transmit X (Div * Range)?

A receiver— \]IB X %) .......................................................................... yreaanas 4.10

The system designed in clear weather, which iattemnuation coefficient equal to 0.1km-1. The
differences between the theoretical calculatiord the experimentally measured values for the
received laser power at long distances are duddoabsorption and scattering effect on the
divergent laser beam.

4.6. Signal to Noise Ratio Calculations

The total signal to noise ratio (S/N) at the optaatector for the distance 100m can be
calculated according to the equation
S/N in dB=20 log10 (S/N) (using voltage or CUITEAEO)........ccceeeriiriiiiiiiiiiee e eeeeeneen 411

The signal to noise ratio of the system could beutated as follows:-

S/N = 20 log (0.36¥100mM / 31.4 @N) = 211 AB....eveveeeesse e e e e, 4.12

4.7. Power Budget of the PWM System
The power budget is calculated if the transmittedigr is Pt and the minimum required

receiver power is Pin, the power budget is the raft

Power budget =PP—t ..................................................................................... 4.13

min

Adama Science and Technology University 20



Implementation of Optical Communication System forVoice Transmission

4.8. Channel Characterization & Modeling
Channel models constitute more of a characterizaifctsome important measures, such as path
loss, large scale fading (shadow fading), and paleéy Profile, delay spread, etc.

v Pathloss and Large-scale Fading
The pathloss can be defined as the ratio of thestn#tted power to the received signal power as
a function of the Tx-Rx separation distance. A gpathloss model is essential for link budget
analysis and network planning. Before we considergeneral pathloss models, we will briefly
look at the free space pathloss (FSPL), which eéspathloss for two isotropic antennas in free

space, separated by a distance d, and is given by

FSPL(d) = (#) 2= (4’”Cdf) e 4.14

Where\ = c/f
Here, it is seen that the FSPL is proportionahtodquare of the carrier frequency,
i.e. FSPLx fZ, resulting in a much more severe FSPL for mm-waysems. as a function of

distance is varied, the FSPL at 50Hz is also dari@ompared to the FSPL for a 100m distance
at 50Hz, the FSPL is about 4.382 X1dB.
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5.1. Software Implementation

CHAPTER FIVE
5. ANALYSIS AND SIMULATION PART

In our project, the information is carried in thelge duration of the laser beam. The

information is quantized, i.e. the pulse duratioithim a certain period denotes one character,
whereas the pulse duration within another periogotes other character. This is achieved by

associating delays along with the output of thet gor which the laser is connected.

transmitter design is simulated by using oscillggcas shown in figure 5.1 below

S(CLK)
& e AT

I
=TEXT=

CLK
CE
RST

(=R T -

100
MODFILE=ROT_LIN
PRE-MTO.7E

LED-BIRY
TERT=

L
Digital Oscilloscope

L] =]

L&

Channel € H

VSM Counter Timer - § [=]

RESET POLARITY MANUAL RESET
I [l T
il — W
TN frecs)

GATE POLARITY MoDE 0TI o)

- @ FREQUENCY
ol @ coun

VSM Counter Timer - A @

RESET POLARITY MANUAL RESET

»r
o1 (M e—

@ NV fsecs)
GATE POLARITY WoDE ‘_F’:("‘ f""""'r
o — QUENC!
o [ E-I L Kzt

The

Figure 5.1: Simulation of transmitter circuit bying oscilloscope (by using proteus simulation).
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1

= =1 == == _~= [ Inputaudio signal after the
MIC

oy

Output wave form after the
Opamp (IC1)

Filtered wave form after the
capacitor

Output wave form before the

‘*\EASER torch

Figure 5.2: Wave form of the transmitter signatliffierent stages of the designed circuit (by

using proteus simulation).

Table 5.1: Output data of Oscilloscope for figure 2 waves

Channel A Channel B Channel C Channel D
V/Div 5.00 v 5.00 v 5.00Vv 5.00Vv
Offset 60.00 \ 20.00 \ -20.00 \ -60.00 \
Invert Norma Norma Norma Norma
Coupling DC AC AC AC
Horizontal Trigger
Sourct Trace Level Channel /
Positior 104.58 m: Couplincg 0.00 Vv
S/Div 10.46 m! Edge DC
Mode Risinc
Level Auto

The first wave form indicates the input audio attes MIC; the second wave form is the output
of Opamp wave signal, the third wave form is theeifed wave after the capacitor and the last
wave indicates the output wave before the lasededi@he transmitter circuit is simulated by

using oscilloscope. The receiver design is simdlateusing oscilloscope as shown in figure 5.3

below.
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Figure 5.3: Simulation of receiver circuit by usioscilloscope (by using proteus simulation).
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Table 5.2: Output data of Oscilloscope for figure 3 waves

The wave which is applied to the
speaker as an output

Figure 5.4: Wave form of the receiver signal atestént stages of the designed circuit (by using

Channel A

Channel B Channel C Channel D
V/Div 485.00 mV 500.00 mV 243V 242V
Offset 6.79V 2.00V -9.73V -41.22 V
Invert Normal Normal Normal Normal
Coupling AC AC AC AC
Horizontal Trigger

Source Trace Source Channel A
Position 175.00 mS Level 0.00V
S/Div 17.50 mS Coupling DC

Edge Rising

Mode Auto
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5.2. Hardware Implementation

The designed system is actually measurable by wsiaijoscope. The measured output from
the oscilloscope is as given in figure 5.5 below.

(a) (b)

Figure.5.5: (a) the waveform voice signal aftertierophone & amplifier and
(b) The waveform of voice analog signal outputdpbefthe speaker (by using oscilloscope).

Table 5.3: Voltage of the photo detector versus dence

Vougn{photo detector) Distance (m)
643mV 1
585mV 2
440mV 3
367TmV 4
227mV 5
169mV 6

88mV 7
86mV 8
84mV 9
80mV 10

The result of the above table 5.2 is collected ftbendetected laser source light by using photo
transistor as the distance is varying. The relagidp between Y at the photo ditector and the

distance between transimmiter and receiver is exgiiby using figure 5.6 below.
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Voltage of the photo detector vs distance
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Figure 5.6: Output Voltage of the photo detectasus distance. (By using MAT LAB
simulation)

The figure 5.6 above indicates the output voltagelmwto detector as the distance between
transmitter and receiver is varying. As the diseabetween transmitter and receiver is increased
the voltage at the photo detector is decrease@usecof the illumination of light from the laser
source is decreased. At high distance the variatiooltage is small.

5.2.1. Output Power

The current for which the gain satisfies the lagiogdition is the threshold current of the
laser, |. Below the threshold current very little light ésnitted by the laser structure. For an
applied current larger than the threshold currdrg, output power, Jg, increases linearly with
the applied current as illustrated with Figure 5.7.

The output power therefore equals:
hv
Pout :}l? (I - Ith) .......................................................................................... 51

Where, hvis the energy per photon. The factor, h, indic#tes only a fraction of the generated
photons contribute to the output power of the lasephotons are partially lost through the other
mirror and throughout the waveguide.
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Threshold current vs Output Power
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Figure 5.7: Output power from a laser diode vethesapplied current (by using MATLAB).
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5.2.2. Real Prototype of Transmitter

Figure 5.8: Transmitter of optical communicatiosteyn for voice transmission.

5.2.3. Real Prototype of Receiver

Figure 5.9: Receiver of optical communication sysfer voice transmission.
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CHAPTER SIX
6. CONCLUSION AND RECOMMENDATION
6.1. Conclusion

The project was successful according to the ingibals of the project. A link was achieved
at a distance of 100m. In the final product it wiescovered that the link range had little effect on
the overall performance. It is possible to achigreater speeds with future revisions of both the
transmitter and receiver boards. Link alignmentusthdoe studied further to achieve a more
reliable audio transfer at wider angles.

This better result is gained by using visible ligit LASER and photo transistor. Also, the
pre-bias and modulation currents should be studsedg the evaluation board and the custom
receiver to determine if it is possible to furtmeduce thermal noise created by the LASER. It
will also be necessary to interface the transméied the receiver with an audio source and
Opamp. The receiver prototype should be developgnl & commercial receiver with more
filtering and error correction stages along witterfacing.

After the successful working of the project, it dag concluded that this project is suitable for
easily communication. Using this project we can samicate with our neighbors wirelessly. It
can be also used in inaccessible areas and coné&hailis.
6.2. Recommendation

* Multiple voice, data, picture, video can be mulagl simultaneously to perform

communication using Multiplexer.
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Appendix —A Table 1: pin configuration of LM386

Pin Number | Name

1 Gain 1

2 Non Inverting Input (-1V)
3 Inverting Input (+1V)

4 Ground (GND)

5 Output Voltage (Vo)

6 Input Power (+1P)

7 Bypass

8 Gain 2
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