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Abstract— The Coherent detection is one of the active research areas for the development of high speed, high spectral
efficient optical communication network. Digital signal processing (DSP) is the important technique for compensating
the fiber transmission impairments because of number of advantages such as signal can be amplified, delayed, splitted
and manipulated without degrading the signal quality. In this paper we developed of Improved Coherent OFDM
System Using Digital Signal Processing. The performance parameters like EVM, Symbol Error Rate, Constellation
diagram, Q factor etc. The experiment work is done on OptiSystem software & DSP unit for the Coherent optical
OFDM system is it observed that for 4 QAM modulation EVM is ~8.81 % and it is reduced ~7.25% in-case of DSP
SER and BER reduce from~ 9.3E-11 to ~ 7.58E-11 and ~ 3.07E-11~ 3.03 E-11 respectively whereas the Q factor &
output SNR increase form ~ 26 dB to ~ 45dB and from ~ 137.84dB to ~ 190.18 dB respectively. For 16 QAM
modulation EVM is ~6.93 % and it is reduced ~ 6.31% in-case of DSP SER and BER reduce from ~ -0.141 to ~ 0.0986 and ~ -0.394 to QAM ~ -0.566 respectively whereas the Q factor & output SNR increase form ~ 0.0894 dB to
~ 0.191 dB and from ~ 209.58 dB to ~ 250.469 dB respectively. For 64 QAM modulation EVM is ~ 16.1% and it trim
down ~9.8% in-case of DSP SER and BER decrease from ~ -0.078to ~ -0.079 and ~ 0.315 to ~ 0.316 respectively
whereas the Q factor & output SNR increase form ~ - 0.069 dB to ~ 1dB and from ~ 36.21 dB dB to ~ 103.7 dB
respectively.
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I. INTRODUCTION
Coherent detection employing multilevel modulation format has become one of the most promising technologies for next
generation high-speed transmission system due to the high power and spectral efficiencies [1-3]. With the powerful DSP,
coherent optical receivers allow the significant equalization of chromatic dispersion (CD), polarization mode dispersion
(PMD), phase noise (PN) and nonlinear effects in the electrical domain[4]. Single-mode fibers support the transmission
of two polarization-modes that are orthogonal to each other. Thus change in the states-of-polarization is also responsible
of distortion because temperature fluctuations and random birefringence due to mechanical stress cause the (SOP) and,
therefore, the group velocity to vary with time and across the full length of the fiber [5-6].The nonlinear impairments are
self phase modulation (SPM) and stimulated Brillouin scattering (SBS)The symbiotic combination of Digital Signal
Processing, coherent detection, and spectrally efficient modulation formats has resulted in the digital coherent optical
receiver. Coherent detection employing multilevel modulation format has become one of the most promising
technologies for next generation high-speed transmission system due to the high power and spectral efficiencies[7-8].
With the powerful DSP, coherent optical receivers allow the significant equalization of chromatic dispersion (CD),
polarization mode dispersion (PMD), phase noise (PN) and nonlinear effects in the electrical domain [9-11].
II. DIGITAL SIGNAL PROCESSING
Digital signal processing is used at the receiver for compensation of fiber impairments [12]. Digital compensation can
be done at the receiver after the optical signal has been converted to electric signal. If the baseband signal is sampled
above the Nyquist rate, digitized signal represents the full content of analog electric signal, which enables digital signal
processing compensation[13-17]. DSP has advantages, such as signals can be delayed, split, amplified and manipulated
without degradation in signal quality.

Fig.1 Different Stages of Digital Signal Processing
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The electronic signal-processing techniques can be broadly classified as adaptive equalization at the receiver,
predistortion at the transmitter, and electric-field domain signal processing. The Electronic Dispersion Compensation
(EDC) at the receiver can be most conveniently designed to be fully adaptive and, due to its ease of use and attractive
economics, this approach will be emphasized [18-22].
Digital signal processing in optical communication systems is enabled by high speed digital-to-analog converter (DAC)
and analog-to-digital converter (ADC) technology operating at billions of samples per second. Fiber chromatic dispersion
can be effectively mitigated through electronic dispersion compensation (EDC) at the transmitter or at the receiver [23].
III. EXPERIMENT SETUP
The experiment setup include OFDM transmitter; which consists of random data generator and corresponding QAM
sequence generator. The OFDM Modulator working on M-ary pulse thus an additional subsystem is designed for M-ary
pulse generator. This sub system also connected with visualizer. The In- Phase (I) and Quadrature Phase (Q) Signal fed
to OFDM modulator. The output of OFDM modulator followed by a Low Pass Filter with gain of 10 dB separately for I
& Q signals and combined with power combiner.
To perfect recovery of transmitted signals require the perfect receiver. The design layout of OFDM receiver is given in
figure 4.4. It consists of OFDM demodulator, QAM decoder, and subsystem and NRZ pulse generator with different
analyzing tools. The proposed methodology is coherent detection thus the coherent system is used at receiving end. There
are four PIN diode with 90 degree phase shift used at detector. To avoid the optical isolation the optical null device is
connected at the coupler. One local oscillator of 193.1 THz frequency with -2dBm is used to provide the synchronization.
The line width & phase of laser for local oscillator same as the transmitter laser source. The performance of the receiver
can be observed by the constellation diagram, BER and output SNR.
Order of modulation is increase then order on nonlinearity is also increase due to no. of bit per symbol in increase. The 2
bit per symbol for 4 QAM, 4 bit per symbol for 16 QAM and 6 bit per symbol for 64 QAM is taken for the different
modulation scheme. The data rate is ~10Gbs .
The Digital signal processing is used at the receiver for compensation of fiber impairments. Digital compensation can be
done at the receiver after the optical signal has been converted to electric signal. If the baseband signal is sampled above
the Nyquist rate, digitized signal represents the full content of analog electric signal, which enables digital signal
processing compensation. DSP has advantages, such as signals can be delayed, split, amplified and manipulated without
degradation in signal quality.

Fig. 1 Implementation of DSP unit for Coherent OFDM System
IV. RESULTS
The demand for high speed and large bandwidth for mobile wireless communications has rapidly increased in recent
years. Optical orthogonal frequency division multiplexing (OOFDM), which is an advanced modulation technique, has
recently been considered as a viable option to satisfy the increasing demand for high data rates and large capacity.
OOFDM is being introduced as a promising scheme for supporting large capacity and high spectral efficiency for the
advanced optical fiber communication networks. In this thesis, the design and simulation of OOFDM, studied and
investigated. First, the design of a 4-QAM-OOFDM data rate of 10Gbps and a transmission distance of 10 km SMF is
simulated then it is simulated for different length of fiber & high order of modulation like 16 QAM & 64 QAM. Further
is modifying with DSP unit to improve the performance. The system performance is investigated by measuring the signal
to noise ratio (SNR), BER, SER, Q factor & EVM and by studying the constellation diagram.
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The proposed methodology implement as per activity chart, after the successfully implementation the results is shown in
table I.

Figure 5.4 Graph for (a) EVM vs Fiber Length

(b) SER vs Fiber Length

(c) Q factor vs Fiber Length

(d) BER vs Fiber Length
(e) SNRvs Fiber Length
Figure 3: Performance analysis for 4 QAM Modulation With & Without DSP Unit

(a) EVM vs Fiber Length

(b) SER vs Fiber Length

(c) Q factor vs Fiber Length

(d) BER vs Fiber Length
(e) SNRvs Fiber Length
Figure 4: Performance analysis for 16 QAM Modulation With & Without DSP Unit

(a) EVM vs Fiber Length
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(d) BER vs Fiber Length
(e) SNRvs Fiber Length
Figure 5: Performance analysis for 16 QAM Modulation With & Without DSP Unit
TABLE I SUMMERED RESULTS FOR M- QAM MODULATION WITH & WITHOUT DSP UNIT
Parameter
Without DSP Unit
With DSP Unit
EVM
4QAM
~8.81 %
4QAM ~7.25%
16 QAM ~6.93%
16 QAM ~ 6.31%
64 QAM ~ 16.1%
64 QAM ~9.8%
Symbol Error Rate
4QAM
~ 9.3E-11
4QAM ~ 7.58E-11
16 QAM ~ -0.141
16 QAM ~ -0.0986
64 QAM ~ -0.078
64 QAM ~ -0.079
Q Factor
4QAM
~ 26 dB
4QAM
~ 45dB
16 QAM ~ 0.0894 dB
16 QAM ~ 0.191 dB
64 QAM ~ - 0.069 dB
64 QAM ~ 1dB
Min log of BER
4QAM
~ 3.07E-11
4QAM
~ 3.03 E-11
16 QAM ~ -0.394
16 QAM ~ -0.566
64 QAM ~ 0.315
64 QAM ~ 0.316
Output SNR
4QAM
~ 137.84dB
4QAM
~ 190.18dB
16 QAM ~ 209.58 dB
16 QAM ~ 250.469 dB
64 QAM ~ 36.21 dB
64 QAM ~ 103.7 dB
V. CONCLUSIONS
After the successfully implementation of DSP unit for the Coherent optical OFDM system is it observed that for 4 QAM
modulation EVM is ~8.81 % and it is reduced ~7.25% in-case of DSP SER and BER reduce from~ 9.3E-11 to ~ 7.58E11 and ~ 3.07E-11~ 3.03 E-11 respectively whereas the Q factor & output SNR increase form ~ 26 dB to ~ 45dB and
from ~ 137.84dB to ~ 190.18 dB respectively. For 16 QAM modulation EVM is ~6.93 % and it is reduced ~ 6.31% incase of DSP SER and BER reduce from ~ -0.141 to ~ -0.0986 and ~ -0.394 to QAM ~ -0.566 respectively whereas the
Q factor & output SNR increase form ~ 0.0894 dB to ~ 0.191 dB and from ~ 209.58 dB to ~ 250.469 dB respectively.
For 64 QAM modulation EVM is ~ 16.1% and it trim down ~9.8% in-case of DSP SER and BER decrease from ~ 0.078to ~ -0.079 and ~ 0.315 to ~ 0.316 respectively whereas the Q factor & output SNR increase form ~ - 0.069 dB to
~ 1dB and from ~ 36.21 dB dB to ~ 103.7 dB respectively.
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