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Abstract

Performance analysis will be carried out for a space time block coded multiple input
multiple output (MIMO) optical wireless link considering Nakagami-m fading model.
The diversity reception in the receiving will be carried out by multiple receiving antenna
with maximal ratio combining (MRC) technique. The expression of the receiver output
will be derived for several sets of space time block codes considering the above fading
model. The Probability density function (PDF) of the output of the MRC combiner will
be developed and will be used to find the unconditional average bit error rate (BER). The
Performance results will be evaluated numerically in terms of BER for several code and
system parameters. The optimum system design parameters will be determined at a given
BER.
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1.2 Brief History of optical wireless communication

In early claude chappe invented the optical telegraph which was able to send message over
distances by changing the orientation of signaling arms on a large tower. A code book of
orientation of the signaling arms was developed to encode letters of the alphabet, numerals,
common works and control signals. Message could be sent over distances of hundreds of
kilometers in a matter of minutes [06]. One of the earliest wireless optical communication devices
using electronic detectors was the photo phone invented by A.G. Bell and C.S trainer an patented
on December 14, 1880. The System is design to transmit a operator s voice over a distance by
modulating reflected light from the sun on a foil diaphragm. The receiver consisted of a selenium
crystal which converted the optical signal into an electrical current. With this setup, they were able
to transmit an audible signal a distance of 213 [07]. Optical transmission came to be available for
the communication system after the laser as a light source was invented. As a coherent light source
being not in a nature, ruby laser was invented by Dr. T. Mainman in 1960, H- Ne laser oscillated in
Bel Labs next year , and GaAs semiconductor laser oscillated in1962. The continuous oscillation
of GaAlAs laser was realized in Japan, the United States and the Soviet Union in 1970 and the
small semiconductor laser which could be high- speed modulated advanced optical transmission
technology greatly. Around from 1965, the beam guide system which arranged the lens in a pipe,
and the space propagation system which emits light to free space were beginning to be studied so
as to use laser for free space optical communication . In 1979, indoor Bapst [08]. In their system,
diffuse optical radiation in the near-infrared region was utilized as signal carrier to interconnect a
cluster of terminal located in the same room to a common cluster controller. However the
reduction in loss of the fiber and invention of continuous semiconductor laser has moved the
mainstream of the research to optical transmission system was accelerated from 1970 to 1980.

1.3 Objectives

) To carry out performance analysis for a SISO and MIMO optical wireless link
considering nakagami-m fading model without spatial diversity over turbulence
channel.

i) To evaluate the Performance result diversity reception in the receiver with maximal
ratio combining (MRC) Technique.

iii) To derive the expression of the receiver output for several sets of space time block
codes considering the above fading model .

iv) To find the expression of the conditional bit error rate (BER) and the PDF of the
output of the MRC combiner.

V) To find the unconditional average bit error rate (BER).

vi) To evaluate the performance the result numerically in terms of BER for several
code and system parameters

vii)  To determine the optimum system design parameters at a given BER.



Chapter 2

Basic Knowledge of optical wireless communication systems

2.1 Introduction

This chapter introduces some basic concepts used in the following chapters which are required for
the understanding of this work. We begin with the importance of free space optical communication
in section 2.2. A review of the brief description of major components of a optical wireless link
comes next in section 2.3. Section 2.3.Section 2.4 describes the characteristics of difference
channel topologies and their relative advantage and disadvantage.

2.2 Importance of free-space optical communication in
communication system

Communication systems transmit information from a transmitter to a receiver through the
construction of a time- varying physical quantity or a signal. A familiar example of such a system
is a wired electronic communication in which information is conveyed from the transmitter by
sending an electrical current or voltage signal through a conductor to a receiver circuit. Another
example is wireless radio frequency (RF) Communications in which a transmitter varies the
amplitude, phase and frequency of an electromagnetic carrier which is detected by a receive
antenna and electronics. In each of this communication system’s the transmitted signal is corrupted
by deterministic and random distortions due to the environment. For example wired electrical
communication systems are often corrupted by random thermal as well as shot noise and often
frequency selective. These distortions due to external factors are together referred to as the
response of a communications channel between the transmitter and receiver. For the purpose of
system design, the communications channel between is often represented by a mathematical model
which is realistic to the physical channel. The goal of communication system design is to develop
signaling techniques which are able to transmit data reliable and at high

Rates over these distorting channels.As a medium for wireless communication Light wave
radiation offers several significant advantage over radio. Light wave emitters and detectors
capable of high speed operation are available at low cost. The light wave spectral region offers a
virtually unlimited bandwidth that is unregulated worldwide. Infrared and visible light are close
together in wavelength, and they exhibit qualitatively similar behavior. Both are absorbed by dark
objects, diffusely reflected by light colored objects, and directionally reflected from shiny surfaces.
Both types of light penetrate through glass, but not through walls or opaque barriers, so that optical
wireless communications are confirmed to the room in which they originate. This signal
confinement makes it easy to secure transmissions against casual eavesdropping, and it prevents
interference between links operating in. different rooms. Thus, Optical wireless networks can
potentially achieve a very high aggregate, capacity, and their design may be simplified, since
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Channel topology which uses a number of parallel point-to-point links is the space division
multiplexing architecture. Space division multiplexing is a technique by which a transmitter
outputs different data in different spatial directions to allow for the simultaneous use of one
wavelength by multiple users. In one such system a ceiling-mounted base station has a number of
narrow beams establishing point-to-point links in a variety of direction in a room. A fixed receiver
once aligned to within 1 of a transmitter beam establishes a high speed link at up to 50 Mbps.
Another means of implementing a space division multiplexing system the transmitter beams are
steer able under the control of a tracking subsystem. Tracking is typically accomplished by a
beacon LED or FM transmitter on the mobile terminal. These systems are proposed to provide 155
Mb/s ATM access to mobile terminals in a room. Electronic tracking systems have also been
proposed which exploit a diffuse optical channel to aid acquisition. The advantage of this topology
is that it is extremely power efficient and supports a large aggregate bandwidth inside of a room

at the expense of system complexity. Point-to-point wireless optical links have been implemented
in a wide variety of short and long range applications. Short range infrared band links are being
designed to allow for the transfer of financial data between a PDA or cell phone and a point-of-sale
terminal. Wireless optical links are chosen as the transmission medium due to the low cost of the
transceiver and security available by confining optical radiation. The IrDA has specified a standard
for this financial application under the title IrDA FM (Financial message). Medium range indoor
links have also been eloped to extend the range of Ethernet networks in an office environment. A
10 Mbps point-to-point wireless infrared links to extend Ethernet networks has been deployed over
a range of at most 10 m. Higher rate 100 Mbps point-to-point wireless infrared links have also
been designed to extended Ethernet networks in indoor.
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Chapter 3

Description the Limitation of Optical Signal With respect to
MIMO Technology

3.1 Introduction to MIMO Technology

MIMO (multiple input, multiple output) is an antenna technology for wireless communications in
which multiple antennas are used at both the source (transmitter) and the destination (receiver).
The antennas at each end of the communications circuit are combined to minimize errors and
optimize data speed. MIMO is one of several forms of smart antenna technology, the others being
MISO (multiple input, single output) and SIMO (single input, multiple output).

In conventional wireless communications, a single antenna is used at the source, and another single
antenna is used at the destination. In some cases, this gives rise to problems with multipath effects.
When an electromagnetic field (EM field) is met with obstructions such as hills, canyons,
buildings, and utility wires, the wavefronts are scattered, and thus they take many paths to reach
the destination. The late arrival of scattered portions of the signal causes problems such as fading,
cut-out (cliff effect), and intermittent reception (picket fencing). In digital communications
systems such as wireless Internet, it can cause a reduction in data speed and an increase in the
number of errors. The use of two or more antennas, along with the transmission of multiple signals
(one for each antenna) at the source and the destination, eliminates the trouble caused by multipath
wave propagation, and can even take advantage of this effect.

MIMO technology has aroused interest because of its possible applications in digital
television (DTV), wireless local area networks (WLANS), metropolitan area networks
(MANS), and mobile communications.Generic Spatial-diversity transmitter-receiver considering
of MIMO and block diagram of MIMO technology.
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Fig. 3.1: Generic Spatial-diversity transmitter-receiver considering of MIMO[11]
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The probability density function (PDF) are primarily known as first order characteristics and
mainly used to obtain static metrics associated with the channel, i.e. Bit Error Rate (BER).

When does Nakagami Fading occur?

Nakagami Fading occurs for multipath scattering with relatively larger time-delay spreads, with
different clusters of reflected waves. Within any one cluster, the phases of individual reflected
waves are random, but the time delays are approximately equal for all the waves. As a result the
envelope of each cluster signal is Rayleigh Distributed. The average time delay is assumed to
differ between the clusters. If the delay times significantly exceed the bit period of the digital link,
the different clusters produce serious inter symbol interference.

3.3 Limitations of Optical wireless Signal

3.3.1 Scattering

a) Multiple Scattering:

Multiple scattering of waves induces bulk effects such as attenuation and anisotropy that are
important in seismology, optics, medical imaging, and other fields involving propagation in
disordered media.

b) Homogenous

Homogenous scattering means scattering produced more than once the same kind of
scattering

c) Mie Scattering

Dielectric spheres are known to scatter electromagnetic radiation if the wavelength of
the light is similar to the size of the dielectric sphere. This scattering process was first described
theoretically by Mie in 1908. In FTIR spectroscopy, Mie scattering causes a broad sinusoidal
oscillation that appears in the baseline of the spectra, which can cause a misrepresentation in the
position and intensity of absorption bands .This Scattering created by such in homogeneities is
mainly in the forward direction and called Mie scattering. Mie scattering depending upon the air
medium.

d) Scattering Angle:

Scattering Angle means angle between more than one scattering[14].
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e) Precise Scattering:

The precise Scattering mechanism of light propagating in a medium is dependent
on the ratio of the particle radius and the radiation wavelength. When the scattering particles
are of the order of magnitude of the radiation wavelength, as is the case for optical wireless
communication through fogs and haze at visible and near infrared wavelength [14].

g) Aerosol Scattering:

Aerosol Scattering effects caused by rain, snow and
fog can also degrade the performance of free space optical communication
systems[14].

h) Rayleigh Scattering:

Rayleigh scattering occurs when atmospheric particles are much smaller than the
wavelength. Rayleigh occurs primarily off of the gaseous molecules in the atmosphere. Blue
light is scattering much more than red light. Rayleigh scattering is responsible for the blueness
of the Sky. The effect of rayleigh scattering on the total attenuation coefficient is very
small.[15]

3.3.2. Turbulence

a) Atmospheric effect:

Atmospheric turbulence has been studied extensively and various theoretical models have
been proposed to describe turbulence induced image degradation and intensity fluctuations.
Turbulence induced fading can be reduced substantially by aperture averaging [14]

3.3.3 Attenuation

Free-space laser communication is very similar to fiber optic communication, except that instead
of the light being contained within a glass fiber, the light is transmitted through the atmosphere.
Since similar optical transmitters and detectors are used for free-space and fiber, similar bandwidth
capabilities are achievable. It has also been demonstrated that WDM fiber technologies will also
work in free-space, which further increases the bandwidth potential of wireless optical links.6-
8,10,11 However, a significant difference between free-space and fiber optic laser transmission is
the predictability of the attenuation of laser power in the atmosphere compared to fiber. Fiber optic
cables attenuate at a constant predictable rate. Current multimode fiber optic cables attenuate at 2
to 3 dB/km, and single mode fibers attenuate at .5 to .2 dB/km. On the other hand, the
atmosphere’s attenuation of laser power is quite variable and difficult to predict. Atmospheric
attenuation can vary from .2 dB/km in exceptionally clear weather, to 310 dB/km in a very dense
UK fog.14,15 These large attenuation values in heavy fog are important because they can reduce
the uptime or availability of laser com systems.16 If proposed free-space laser com systems, such
as shown in Figure 2, are to be used in telecommunication applications, there will be requirements
for very high availability. If the system link margin for atmospheric attenuation is 30 dB, then the
maximum link range will have to be 100 m or less to always overcome the heaviest 300 dB/km
fogs. This is the worst case scenario. In many cases, it will be very difficult to set up lasercom
grids between buildings with all them links being less than 100 m in distance. By trading off more
link margin and typically less extreme weather, the laser link range requirement can be extended
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chosen modulation method. The driver provides the power for the laser and stabilizes its
performance; it also neutralizes such effects as temperature and aging of the laser or LED. The
light sources convert the electrical signal into optic radiation. The telescope aligns the laser LED
radiation to a collimated beam and directs it to the receiver. In the atmospheric channel, the signal
is attenuated and blurred a as results of absorption, scattering and turbulence. This channel may be
the traversed distance between a ground station and a satellite or a path of a few kilometers
through the atmosphere between two terrestrial transceivers.

The receiver includes a telescope, filter, photo detector, an amplifier, a decision device, and a
clock recovery unit. The telescope collects the incoming radiation and focus it onto filter. The
filter removes background radiation and allows only the wavelength of the signal to pass through
it. The photo detector converts the optic radiation into electrical signal, and the amplifier amplifies
the electronic signal. The decision unit determines the nature of the bits of information based on
the time of arrival and the amplitude of the pulse. The clock recovery unit and synchronizes the
data sampling to the decision- making process [17].
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Chapter 4
Systems Analysis

4.1 We investigate a MIMO FSO system affected by pointing errors without and with atmospheric
turbulence. We assume intensity modulation / direct- detection (IM/DD) with On-off keying
(OOK). We obtain the BER performance of the system considering the beamwidth, detector size,
and pointing error variance. The results demonstrate that the use of diversity results in system
performance improvement.

We consider a FSO link with M transmitter and N receivers, using IM/DD with OOK. The
transmitter signal at the mth transmit and receiver signal at the nth receive aperture is given

by
S(t) = > a, p(t —kt)* /2 p, &

ai = Data Signal (0,1), p(t) = Pulse Shape, PT= Transmitter Power

,eJ®ct = Carrier frequency
M
rn:Rd>(Z:hmn_l_Un @
m=1

Where X is the transmitted signal intensity, Ry is the detector reponsivity and uj, is the additive
Gaussian noise with variance on, , hmp is the normalized fading channel coefficient which models
the channel from the nth receive aperture. The transmitted signal X is either 0 or 2p;, where p;is the
average transmitted optical power. The channel state hp, is the attenuation due to geometric spread
and pointing errors. By considering a Gaussian beam and a circular detection aperture of the radius
r, the probability density function (PDF) of h for a single input single output channel (SISO) is
derived in[18] as

2
fo(h) =2 h7 (o)

A, ¥

Where y=w,, /20, isthe ratio between the equivalent beam radius at the receiver and the

pointing error displacement standard deviation at the receiver . The equivalent beamwidth at the
receiver calculated using the relation :
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U:ﬁa)2 ; et ) )A) [erf (v)] @

\/Ea)z - 20 exp(-v

Here o, is the beam waist (radius calculated at e?) at a distance z from the transmitter . The
pointing error is defined as a radial displacement between the detector and the receiver light beam
on the detector plane.

4.2 Average Bit-error Rate

4.2.1 SISO FSO Link

The BER of IM/DD System with OOK in the presence of AWGN is given by

b, () = p()(e/1) + p(0)p(e/0) ()

Where (p1) and p(0) are probabilities of sending a ‘1’ and ‘0’ respectively, and p(e/1) and p(e/0)
are the conditional error probabilities when the transmitted bit is ‘1’ and ‘0’ respectively. Due to
symmetry, p(1)= p(0) 0.5 and p (e\1) =p(e/0). It is easy to show that conditional on the fading
coefficient h, We have [18],

p,(e/h)=p(e/h,2)=p(e/h,0)= \/_R Ph @

0,

Where Q(.) is the Gaussian Q function which is related to the complementary error function erfc (.)
by erfe(x) = 2Q(\2 X). By averaging over the pdf of h, We obtain

BER = jo’*’ f(p,e/hydh (&)

After substituting hh (h) from (2), we obtain the BER of a SISO FSO using numerical techniques

4.3 MIMO FSO Link
For the system with spatial diversity at both the transmitter and receiver, the optimum decision
metric for on- off keying is given [18]

p(r/L,h ). p(r/0,h )

Where r=(r,, 1,.... 1) is the received signal vector. By finding the conditional probabilities and
following a similar analysis as in [18], we the of a MIMO systems as

»

o,MN

N M

(Z Rd pt hmn)z]dhmn

n=l m=1

BER= [ f, (h,)QA——

h

mn
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Where fhmn (hmn) is the joint pdf of vector h=(h,,h,......,h,,) of length MN. The scaling

factor MN is induced in the above equation to fairly compare a MIMO system with a SISO
system. We considered transmit diversity and receive diversity separately to have a better
understanding of the system performance.

When receive diversity is applied i.e for the single-input-multiple output (SIMO) system, the
variance of the noise in each aperture is N times smaller. Therefore, for M=1 and OC
Implementation at the receiver with perfect CSI (8) is written as

Rowo = |, fn(h)Q[\/_Rd B hele, 0

Equal Gain Combining (EGC): for the case where the receiver adds the signals at the receiver
branches the expression for the BER can be expressed as

fRd P

Rawo = j f (h)Q[— Zh ]dh,

4.4 LOGNORMAL TURBULENCE MODEL

The atmospheric turbulence impairs the performance of an FSO link by causing the received
optical signal to vary randomly thus giving rise to signal fading. The fading strength depends on
the link length, the wavelength of the optical radiation and the refractive index structure parameter

cZ of the channel. The log-normal distribution is generally used to model the fading associated
with the weak atmospheric turbulence regime [19]. This model is mathematically tractable and it is
characterized by the Ryotov variance o7 The turbulence induced fading is termed weak when
o/<1.2 and this defines the limit of validity of the log-normal model [19]. Beyond the weak

turbulence regime, other models such as the gamma-gamma [19] and the negative exponential
[19] will have to be considered. The Ryotov variance o7 can be calculated as [19

ol = 1.23c§(€/k7L“)

where L is the propagation distance and k is the wave number
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