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Abstract: A pilotless  orthogonal  frequency  division  multiplexing (OFDM)  technique  is   employed in
optical turbulence channel for optical wireless communication systems. It uses offset multilevel differential
phase-shift keying (OMDPSK). The impact of atmospheric turbulence induced phase and amplitude fluctuations
on free-space optical links is modeled through modified rician distribution. Our simulation aftermath display that
pilotless-OFDM employing offset-MDPSK attains a comparable bit-error-rate(BER) performance alongside the
standard OFDM with pilot tones assisted channel estimation and equalization. It is additionally exposed that
OMDPSK established  pilotless OFDM  achieves  nearly  similar  BER  performance as employed in MDPSK,
but it decrease the envelope fluctuations. Hence, OMDPSK established pilotless OFDM is suggested for optical
wireless communication system.
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INTRODUCTION HDTV, DSL, IEEE 802.11(WiFi) and 802.16(Wimax). It uses

Optical wireless communication is enthusing for needs no equalization. At the same period it provides
short range communication systems. Though, due to the elevated spectral efficiency. These features jointly
random  changes of refractive index, the light intensity alongside its immunity to burst-errors due to intensity
and phase fluctuates when optical gesture propagates fluctuations  make  OFDM an interesting candidate for
across   the   meteorological   turbulence   channel  [1]. FSO transmission [3]. In OFDM, we simultaneously
The intensity and phase fluctuations are shouted as transmit a block of data symbols on a cluster of
scintillation and aberrations suitably, which deteriorate subcarriers alongside frequency division multiplexing
the optical wireless communication system performance. inside one OFDM symbol duration, every single
Statistical   models   to   delineate   scintillation   have subcarrier is modulated with a data symbol employing
been  extensively  learned,  such  as  Gamma-Gamma  and each conventional method, such as quadrature amplitude
log-normal distributions. Though, those distributions do modulation  (QAM), M-ary phase shift keying (MPSK),
not consider the phase distortion. Recently, Belmonte and M-ary differential phase shift keying (MDPSK) [4].
Kahn have proposed a modified rician distribution to In OFDM established FSO arrangements where
embody   both   the   amplitude   variation  that  follows MPSK or MQAM are utilized, supplementary pilot tones
log-normal distribution and phase fluctuation that follows or training sequences have to be utilized for channel
Gaussian distribution. estimation and equalization, so as to compensate the

Elevated modulation formats, such as orthogonal amplitude and phase variations provoked by the
frequency division multiplexing (OFDM), present a price turbulence channel and the laser phase noise [5]. As a
competent alternative for enhancing FSO transmission, consequence, the arrangement intricacy is increased as
due to its effectual implementation, elevated spectral and the spectral efficiency is reduced. In difference, owing to
power efficiency and simple frequency domain its forceful agreement to amplitude fading and phase
equalization [2]. OFDM has been adopted in prominent distortion, MDPSK established OFDM arrangement
wired and wireless broadband standards encompassing minimizes  the  disadvantage of OFDM (sensitive to phase

FFT algorithm for modulation and demodulation and
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Fig. 1: Schematic diagram of FSO system

Fig. 2: Schematic diagram of FSO system

noise) and additionally promise a good arrangement
presentation without equalization. As a consequence the
signal loss it constant envelope property, afterward pulse
shaping. The phase change amid consecutive symbols is
180*. The cruel change of phase in DPSK aftermath extra
envelope variations. In DPSK, distortion creates more
spectral side lobes. It needs linear power amplifier for
spectral regrowth. But the linear power amplifier less
effectual than nonlinear power amplifier.

In this message, for the early period, we apply offset
MDPSK (OMDPSK) established pilotless OFDM in the
optical turbulence channel and assess its performance
over  the  modified  rician  distribution  for  optical
wireless communication. Both amplitude fading from
scintillation and  phase   distortion   from   aberration and
laser phase   noise  are  seized   into  thought   in   this
work. It produce moderately more constant envelope
afterward pulse  shaping.  Assess   to  the   conventional
MDPSK, the  envelope  fluctuations  tiny  in  OMDPSK.
We compare the overall performance of offset MDPSK
established pilotless OFDM and conventional MDPSK to
confirm the feasibility and gains of requesting offset
MDPSK based pilotless OFDM in upcoming optical
wireless communication system.

System Model: The schematic of free space optical
system  using   MDPSK    based   OFDM   is  shown in
Fig 1.

The schematic of optical wireless system using offset
MDPSK based OFDM is shown in Fig 2.

This System Mainly Consist of Three Parts:
A OFDM transmitter,
The atmospheric turbulence channel and
A OFDM receiver 

OFDM Transmitter: As shown in Fig. 1 the electrical
OFDM  signal  is  generated  in  the  OFDM  transmitter.
The input serial data are firstly mapped into complex
coefficients in the MDPSK Tx. After performing inverse
fast fourier transform (IFFT), the obtained parallel and
discrete  signal  is  converted  into  a  serial  and  analog
signal  [1]. The  generated  electrical  OFDM  signal  with
N subcarriers in the k  symbol period can be expressed asth

(a)

where,
x  denotes the complex coefficient on the n  subcarrier ink,n

th

the k  symbol. n and k are frequency (subcarrier) indexth

and time (symbol) index, respectively. Then the electrical
OFDM signal is modulated onto the optical carrier in an
optical I/Q modulator. After that, he obtained optical
OFDM signal is launched into the turbulence channel
through a transmit aperture (TA). 

Mathematical Background of Turbulence Channel
Design: In FSO channel, the atmospheric turbulence
causes  irradiance  fluctuations,  known  as  scintillation,
on the received signals propagating along a horizontal
path near ground. Scintillation is mainly caused by small
temperature variations in the atmosphere, resulting in
refraction-index random variations [6]. Different statistical
models have been proposed over the years to describe
the atmospheric turbulence channels for varying degrees
of strength [7]. For weak turbulence regime the probability
density function (PDF) of the intensity fluctuation is
modeled as lognormal distribution, whereas for moderate
to strong regimes, the gamma-gamma distribution is used.
One turbulence model that is commonly used in the
literature assumes that the variations in medium
temperature and pressure due to solar heating and wind
can be understood as individual cells of air or eddies of
different diameters and refractive indices [8-12].

To quantify the strength of the turbulence we use
the unitless Rytov variance, given by [12].
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(1)

where, k = 2  /  is the optical wave number,  is the
wavelength, L is the propagation distance and  is the where, The aperture diameter D is  normalized  by  the

refractive index structure parameter, which we assume to
be constant for horizontal paths. Although the rytov
variance represents the scintillation index of an
unbounded plane wave in the weak turbulence regime, it
can also been used as an intuitive measure of turbulence
strength that brings together all relevant physical
parameters. Throughout the paper we refer  simply asR

the turbulence strength. The refractive index structure a scintillation index 
parameter  varies from about 10 m  for very weak17 2/3

turbulence to  about  10  m   for  strong  turbulence13 2/3

[8, 12].
In  order  to  assess  the  impact   of   turbulence,

both log-amplitude and phase fluctuations should be
considered. As  a consequence, the field in the pupil
plane is expressed as

A = A  exp[x( r ) – j ( r)] (2)3

where, A  is the amplitude without the effect of turbulence3

and x(r) and (r) represent the log-amplitude fluctuations
(scintillation) and phase variations (aberrations),
respectively, introduced by atmospheric turbulence [13].
We consider a statistical model in which these continuous respectively. The mean value of fading intensity is
integrals are expressed as finite sums over N statistically expressed a,
independent cells in the aperture:

(3) where,

(4)  = exp [-(  +  ) / 2] (8a)

where, x  is the log-amplitude and  is the phase of thek k

kth statistically independent cell.  = [1 – exp(-2 )] / (2N), (8c)
In  [14],  the  statistics of phase aberrations caused

by atmospheric turbulence were characterized, In (8a-8c), N represents the number of statistically
considering   a   Kolmogorov   spectrum  of   turbulence. independent cells in the receiver aperture [17], which is
In  that analysis, classical  results  for  the  phase described as,
variance  were extended to  consider  modal

compensation     of      atmospheric     phase    distortion.
In   such   modal  compensation, Zernike  polynomials  are
widely  used  as  basis functions  because  of  their  simple
analytical expressions and their correspondence to
classical aberrations [15]. It is known that the residual
phase variance  after  modal  compensation  of  J  Zernike
terms is given by

(5)

wave front coherence diameter r0, which describes the
spatial  correlation   of   phase  fluctuations  in  the
receiver plane [16]. In (5), the coefficient CJ depends on J
[14]. For example, aberrations up to tilt, astigmatism, coma
and fifth-order correspond to J = 3, 6, 10 and 20,
respectively.

The log-amplitude variance  is often expressed as

(6)

When light wave propagates through an atmospheric
turbulence channel, its intensity fluctuates and phase
varies [5]. The received signal’s field at the receive
aperture can be expressed by [17],

E (t)=A (t)exp[-j( t+ )]exp(x– j ) (7) s s s s

where, A  (t) represents the modulating signal;  ands s s

are the carrier’s frequency and phase, respectively; x and
 denote the log-normal amplitude fluctuation and

Gaussian phase variation with variances of  and ,

(8)

 = [1+ exp(-2 ) – 2exp(- - )]/2N (8b)

N = {1.09(r /D) [6/5, 1.08 (D/r ) ]} (9)o o
2 5/3 1

where, D denotes the diameter of receiver aperture, ro

represents the wavefront coherence diameter and (.,. ) is
the lower incomplete gamma function. Hence the
statistical model of fading intensity I can be described by
modified rician distribution [17],
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Fig. 3: Modified rician distribution version of DPSK in which the transmitted signal has no

phase. The cruel change of phase in DPSK results more
(10) envelope variation. It requires linear power amplifier for

where, I  (.) is the modified Bessel function of the first efficient than nonlinear power amplifier. In DPSKo

kind of the order of zero and parameter modulation method, the signal, defeat it constant

incoming signal is divided in the modulator into two

(11) then transmitted  shifted  by  a  half  symbol  duration, ,

By using these equations, the channel was designed means there are no phase shifts by 180° as in a standard
by following modified rician distribution. DPSK. The envelope fluctuations tiny in offset DPSK.
That simulation result shown in below, Fig 4 shows the function of offset dpsk modulation.

OFDM Receiver: After propagating through atmospheric after serial to parallel conversion. It avoid simultaneous
turbulence channel, optical OFDM signal is captured by transition in waveform at node A and node B. The phase
a   receiver   aperture   (RA). In  the  coherent  detector, can change merely for 90 degree at every Ts. This system
the received optical OFDM signal is mixed with local provides relatively more constant envelope after pulse
oscillator (LO) laser and converted to electrical OFDM shaping. The envelope fluctuations very small in ODPSK
signal which is then demodulated in the OFDM receiver compared to DPSK. This technique generally utilized in
[1]. The AC term can be obtained as, satellite communication.

I  (t) = 2R*sqrt (I P (t) P )*exp [ t+ + (t)+ø(t)](12) RESULTS AND DISCUSSIONAC o LO IF

where, R is the responsibility of the photo detector and I In   this  section, the  performance  of  optical
is the intensity fading coefficient which follows the wireless  communication  system  employing  offset
modified Rician distribution as in (10). The desired phase MDPSK  based  OFDM  evaluated  by  using  Monte
information is  and the phase variation induced by Carlo  simulation. In  the  simulation  of  existing system,
aberration in the turbulence channel is (t) with the the   OFDM  signal   with  256  subcarriers  is  considered.
variance of . A  BER of 10-4 is set as the benchmark since forward error2

Fig. 4: Offset DPSK block diagram

Principle of ODPSK: ODPSK (offset DPSK) is a special

amplitude modulation. This disadvantage of a amplitude
modulation are a consequence of 180° shifting in the

spectral regrowth. But the linear power amplifier less

envelope property afterward pulse shaping. In ODPSK the

portions I (in phase) and Q(quadrature phase) which are

there is no phase shift through the zero crossing which

The data stream offset in time by half of the symbol period
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Fig. 5: Comparison of BER performance between FD-
MDPSK without equalization, QPSK with and
without equalization

Fig. 6: Comparison of BER performance between FD-
MDPSK without equalization, QAM with and
without equalization.

Fig. 7: Comparison  of   BER  performance  between
DPSK  and   Offset   DPSK   modulation
techniques

correction code can be used to correct transmission
errors. Fig 4 shows the BER performance comparison
between FD-MDPSK based pilotless OFDM and
equalized OFDM using MPSK. The equalization is used
to improve the signal quality. It is a simple way of
mitigating the effects caused by frequency selective or
dispersive communication link between sender and
receiver. Whenever  the  signal  comes  from  the
multipath environment, inter-symbol interference occurs.
The  equalizer  within  a  receiver  compensates  the
average range of expected channel amplitude and delay
characteristics.  In OFDM based FSO system where
MPSK and MQAM modulation methods are used,
additional pilot tones must be utilized for channel
estimation and equalization. For the case of M=4, an SNR
penalty  of   4  dB  is  observed  for  FD-QDPSK  based
NE-OFDM compared with equalized OFDM using QPSK.
It shows QPSK based OFDM can hardly work without
equalization. QPSK based OFDM encounters spectral
wastage. In order to avoid this MDPSK Modulation
method preferred in free space optical communication.

Comparison Between FD-MDPSK and Equalized OFDM
Using QPSK: This simulation result shows the BER
comparison between different modulations.

With Frequency domain-QDPSK system, a BER of
10-4 is obtained nearly at 20 dB SNR. Similarly, for QPSK
with equalization system, the bit error rate remains
constant in 10-4 with increase in SNR value of 23 dB and
for QPSK without equalization system, a bit error rate
value  is  again  constant  at  10-4  with  SNR value of
33dB. From the above discussion, it is clear that BER
value is less for frequency domain QDPSK. Hence it
proved to be an efficient technique.

Comparison  Between  FD-MDPSK  and  Equalized
OFDM Using QAM: This simulation result shows the
BER comparison between different modulation
techniques,

For the case of M=16, an SNR penalty of 13 dB is
observed for FD-MDPSK based NE-OFDM compared
with equalized OFDM using MQAM. With Frequency
domain-16DPSK system, a BER of 10-2 is obtained nearly
at 10 dB SNR. Similarly, for MQAM with equalization
system, the BER remains constant at 10-2 with increase in
SNR value of 12 dB and for QPSK without equalization
system, a bit error rate value is again constant at 10-2 with
SNR  value  of  20 dB. From the above discussion, it is
clear   that  BER   value   is    less    for    frequency domain
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QDPSK.  Hence   it   proved   to  be  an efficient technique. 3. Djordjevic, I.B., B. Vasic and M.A. Neifeld, 2007.
By Comparing all modulation techniques, the FD-MDPSK
without equalization has lower bit error rate and higher
signal to noise ratio. So it provide better signal quality in
free space optical communication.

Comparison Between DPSK and Offset DPSK
Modulation Techniques: This simulation result shows the
BER comparison between two different modulation
techniques,

With offset MDPSK system, a BER of 10-2 is
obtained nearly at 8 dB SNR. Similarly, for MDPSK
system, the BER remains constant at 10-2 with increase in
SNR value of 12 dB. From the above discussion, it is clear
that BER value is less for Offset-DPSK. Hence it proved
to be an efficient technique. By Comparing all modulation
techniques, the Offset-MDPSK without equalization has
lower bit error rate and higher signal to noise ratio. So it
provide better signal quality in free space optical
communication.

CONCLUSION

The performance of optical wireless communication
system using Offset-Multilevel Differential Phase Shift
Keying based OFDM over the modified Rician channel
was evaluated. Simulation results have revealed that
OFDM with Offset-MDPSK has relatively higher spectral
efficiency and lower amplitude distortion than that using
conventional MDPSK. The Offset-MDPSK based OFDM
attains a comparable BER performance to the equalized
OFDM using MPSK, MQAM and also conventional
MDPSK. But has a strong robustness to phase noise and
thus does not require any pilot tones or training
sequences for equalization. In conclusion Offset-MDPSK
based OFDM is promising for future optical wireless
communication system.
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