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Introduction
Optical coherent Quadrature Phase
Shift Keying (QPSK) transmissions
candouble the data rate of existing
intensity modulation and direct
detection (IMIDO) systems [Noe].
Coherent receivers have superior
sensitivity and the transmission
impairments (chromatic dispersion,
polarization mode dispersion, noise)
can be compensated in electronic
domain at low speed [Pfau]. This
paper models an optical coherent
QPSK transmission system with
Additive White Gaussian Noise
(AWGN) and laser phase noise. The
paper discusses low pass filtering
methods with different filtering
algorithms that reduce the effects of
AWGN and laser phase noise [Noe,
Pfau].

Methodology
The basic optical coherent QPSK
transmission system was established in
MATLAB and the AWGN and laser
phase noise were added to the model.
Transmitted bits and received bits after
demodulation and decoding were
compared to find Bit Error rate (BER).
Filter parameters were modified to
obtain optimum performance. Monte-
Carlo simulation was used to obtain
BER vs. OSNR (optical SNR) curve.

Modulation Scheme
Quadrature PSK (QPSK) uses four
points on the constellation diagram,
equispaced around a circle. With four
phases, QPSK can encode two bits per
symbol, with Gray coding to minimize
the BER. BPSK transmit Ibit/symbol
and 8-PSK transmit 3bitlsymbol
compared to QPSK.

Types of Noise in
Transmission Systems
The following noise
playing major role
Communication systems.

the Optical

sources are
in Optical

AWGN due to amplified spontaneous
emission (ASE) in the receiver
amplifier: ASE introduces noise and
reduces the efficiency of the optical
amplifier. The effect of the ASE at the
receiver can be described by AWGN
process.

Phase Noise: Phase noise occurs due
to non-zero line width of the source
and local oscillator lasers. The
frequency shifts due to finite line
width is modelled by a time varying
phase. The time varying phase is
modelled by a random walk process.
Phase noise variance,
0-2 = 2,. ••LW "R (I)

Where, LW= 3 dB Laser Line width
and R=Data rate
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Data Recovery and Filtering
In the generated bit stream, every two
consecutive bits are combined together
to form symbols. The symbols are gray
encoded to minimize bit errors.
Generated quadrant numbers (nd,p) are
differentially encoded to form an
differently encoded quadrant number
(nc,p), and transmitted through the
channel [Noe].

nc,p(i) ~ (ndP(i.) + f:I;:,p(i -1)) ml!ld4 (2)

In data recovery, fourth power of the
received signal is taken to eliminate
the QPSK modulation. Because,

(~:l"Ir= -1, for k EZ. (3)

The resulting frequency-quadrupled
carrier components are added and then
low pass filtered for further noise
suppression. The sum is taken of most
recent samples of the frequency-
quadrupled carrier that is 2N+ 1, for a
good average filtering. Filter function
is given by,

+N

Y(i) = L ""m(X(i - m))4
m=-N
+N

whBre,I Wm=l
m=-N

The phase angle is altered due to
filtering; therefore phase should be
divided by four to recover the original
carrier phase (cp••).

'Pp(i) = (1/4)", arg(-Y(f)) (5)

The received quadrant number nr,p(i) is
obtained from equation (6).

Where, 'PD= Angle of the received
signal

Practically the correct quadran
number cannot be selected within on
symbol duration, because the carrie
phase may be jumped to othe
quadrant. To determine whether ct>p

has jumped by an integer multipl
ofn/2, a jump quadrant number (n)l
is selected according to equation (7).

Iqlp(i) - qlpCi - 1) - ~ (i) '!tnl < '!t/4, (7)

Since angle functions are periodic all
quadrant numbers must be valid
modulo-l. Due to differential encodin
at the transmitter side, the receive
signal is decoded to find an output
quadrant number, which can be
calculated as follows,

np,p(i) = (ncp(i) - nr,p(i - 1) + nj(i)) mod4
(8)

(4)

Where llo,p = Output quadrant number

Weighted Viterbi &Viterbi algorithm
explains how the Wiener filter can be
optimized with variable weights and
the optimal values for the Wiener
coefficient vn• The Weiner coefficient
depends on variance ratio of laser-
induced phase noise to the angular
portion of AWGN ( 0;,/ O~,) and it is
defined as follows,

k 1,
v = --~ ~,klnl

n l-k" 0;1 (9)

Where,

k = (1+ .:.<rJ) _ 1(1 +!{j~)2- 1
, 2C1~ .f 2",',n"'l n

~ = Phase noise variance.,
~.=A WGN variance and the sum of
the Wiener coefficients (vn) is
+=
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Simulation results
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Fig.1.BER vs. SNR curves of all filters for different Laser Line Widths (LW)
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Discussion
Considering the limitation :;1 the
performance of the computer less
number of bits (105

) was used for
simulation. When the signal is
transmitted through the fibre optics
Laser phase noise and Gaussian noise
are added to the original signal.
Because of the influences of these
noises bit errors occur at the receiver.
To filter the noise component added
during transmission different filters are
used. The performances of the filters
are measured by means of BER vs.
SNR curves. From the simulation
results (Fig. 1.) it can be seen that BER
increases when the laser line width is
increased and BER decreases when the
filter width is increased for all filters.
But, the filter made using weighted
Viterbi & Viterbi algorithm gives
better performances than others.
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Conclusion
Average filter gives acceptable BER
for low phase noise. But, when the
phase noise level is high, it can be
recommended to go for the filter,
which uses weighted Viterbi & Viterbi
algorithm.
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