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Abstract: The performance of fiber optic communication links is often limited by a phenomenon known as Dispersion,
which causes optical pulses to broaden as they propagate through the fiber, thus giving rise to intersymbol
interference (ISI). In this paper investigates the possibilities of using adaptive electronic equalization to compensate
for ISI caused by dispersion in optical fibers.
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I. INTRODUCTION
Inter-symbol interference impose the main obstacles to achieving increased digital transmission rates with the required
accuracy. Channel impairments in fiber optics have traditionally been controlled in the channel itself rather than at the
transmitter or receiver, predominantly by using specially designed fibers to both mitigate and compensate for dispersion.
Recently however, techniques commonly used in for example radio communications to improve performance have found
their way to fiber optics as well.
One such technique is equalization. Filtering the received signal with an equalizer has proven to be an effective method
to combat ISI in many situations. However, it has not yet been implemented in fiber optic systems. Though recent
advances in electronic hardware have opened up the possibility of designing electronic equalizers to perform equalization
at the high data rates that are of interest (10 Gbps and above), the complexity of such an equalizer is still somewhat
limited by hardware constraints.
II. EQUALIZATION
Equalization is a common way to deal with inter symbol interference in other communication systems, but it is yet to be
implemented for fiber optic systems. There is no principal difference between a fiber optic channel and e.g. a radio
channel in terms of ISI; the received baseband signal is distorted in a similar manner in both systems, i.e. symbols spread
out over neighboring symbols as they propagate through the channel. Given below are the different types of equalizer.
Linear Equalizers

The basic idea of a linear equalizer is simply to filter the received signal through a filter that approximates the channel
inverse. Here, s[n] represents the transmitted symbols that are sent into the channel with frequency transfer function
H(z), n[n] is additive white Gaussian noise (AWGN), x[n] is the input to the linear equalizer with frequency transfer
function C(z) and y[n] is the filtered equalizer output.
Non-linear Equalizers

The basic idea of a DFE is very straightforward; the ISI caused by each received symbol on the succeeding symbols can
simply be subtracted from these if the amount of ISI is known. In principal, a sufficiently long DFE removes all
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postcursor ISI (i.e. ISI from prior symbols) caused by each symbol. Precursor ISI (due to subsequent symbols) is usually
handled by a preceding feed forward filter. Though the feedback filter is a linear filter, the DFE is nonlinear since the
symbol decision is a nonlinear operation.
Blind Equalization

In the Blind Error is selected as the basis for the filter coefficient update. In general, blind equalization directs the
coefficient adaptation process towards the optimal filter parameters even when the initial error rate is large. For best
results the error calculation is switched to decision directed method after an initial period of equalization, call this the
shift blind method. Referring to, the Reference Selector selects the Decision Device Output as the input to the error
calculation and the Error Selector selects the Standard Error as the basis for the filter coefficient update. A Fractionally
Spaced Adaptive Equalizer ([6]is a linear equalizer that is similar to a symbol-spaced linear equalizer.
Fractionally Spaced Adaptive Equalizer

Sometimes the input to the equalizer is oversampled such that the sample interval is shorter than the symbol interval and
the resulting equalizer is said to be Fractionally Spaced Adaptive Equalizer. Equalizer Taps are spaced closer than the
reciprocal of symbol rate. Advantages of FSE are it has ability to be not affected by aliasing problem, shows fast
convergence and sample rate is less the symbol rate.
More recently, Fractionally Spaced Adaptive Equalizers (FSE’s) have assumed an increasing presence, especially in the
area of voice band data transmission. This technological shift is based upon at least two factors: first, the performance
superiority of FSE’s relative to that of Conventional equalizer and second, the availability of variants on the
conventional stochastic gradient algorithm that mitigate coefficient drift during decision-directed operation.
Sign LMS
The idea of sign LMS is to reduce the computational complexity by replacing multiplication with addition (which is
simpler to implement in hardware) by using only the sign of the error function e[n] and/or the tap input signals x[n] to
update the coefficients. There are a few of possible variations of this such as sign-data, sign-error and sign-sign LMS.
The sign-data and sign-error variants perform the sign operation on the data signal and error signal respectively, and the
coefficient update functions are thus given by
and

© 2016, IJARCSSE All Rights Reserved

Page | 668

Pradhan et al., International Journal of Advanced Research in Computer Science and Software Engineering 6(4),
April- 2016, pp. 667-671
Sign-sign LMS is an even coarser variant that uses the sign of both the error function and the input signal, i.e.
If the multiplication of µ is implemented as a fixed bit shift (which requires that µ is a power of two) these algorithms
eliminate the need for hardware multiplications.
III. DISPERSION COMPENSATION METHODS
For eliminating or mitigating the chromatic dispersion, various techniques have been presented. They can be classified
into two main groups :( i) Optical compensation technique (ii) Electronic compensation.
Optical Compensation: There are several methods for optical dispersion compensation.
i. Conventional dispersion compensation fiber:
This method used dispersion compensated fibers (DCF). Conventional dispersion compensation fibers (cDCF) have a
very high negative dispersion in the C and L bands and can be effectively used in dispersion compensation in those
bands. Further reduction in the core area of the new type of dispersion compensation fibers, a little slope correction has
been made possible in conventional single mode fibers.
ii. Dispersion-compensating gratings:
This is a technique which uses fiber Bragg gratings (FBG). This technique uses the property of FBG i.e. it being
frequency selective which is written into the core of the single mode fiber by UV light. The main disadvantage of a
dispersion compensation grating is the group delay ripple caused by high frequency deviation from the main mean
dispersion slope of the gratings over wavelength. Dispersion compensating modules (DCM) using FBG have a narrow
operating wavelength range and are not suitable for broadband compensation in the entire optical band.
iii. High-order-mode fibers (HOM):
It is a relatively new technique. It uses the fact that the higher order mode fibers have a significant negative dispersion.
HOM based dispersion management systems are characterized by a dispersion of –270 ps/nm.km at 1550 nm and a slope
over the C band of approximately -5.6 ps/nm. Hence, they can be used for both dispersion and dispersion slope
compensation in the complete optical band.
Electronic Compensation: It is a very attractive technique to compensate for dispersion at the electrical part of the
receiver at the transmitter. It is a simple technique that doesn’t need any changes in optical transmitting or receiving and
also doesn’t have considerable loss. Any network changes or adding new devices in the network can be done easily
because of adaptive capability of electronic compensator.

IV.

SIMULATION

Figure: simulation diagram for electronic equalizer.
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The above simulation is done by using optisystem 14 software. Here we have taken a binary source and encoded it using
a NRZ pulse as shown in the above figure. The optical source used is a CW Laser. Light is used as the carrier and
modulated using the amplitude modulator. The signal is pre amplified using EDFA optical amplifier as the signal has a
wavelength of 1550 nm. At the receiver end, the photo detector converts the received optical signal to electrical signal
and is filtered using the low pass filter. Electrical limiter is used to limit the signal to a certain level. Then the signal is
sent to the electronic equalizer where the equalization takes place. The output of the given system is measured by using
eye-diagram analyzer.
V.

Fig: Eye Diagram before Equalization.

RESULTS

Fig: Eye Diagram after Equalization.

For a transmission distance of 80-km on a single mode fiber, the simulation results without an equalizer and with an
electronic equalizer are shown in the above figure clearly shows the advantage of using an electronic equalizer.
In this paper the analysis is done by taking different lengths of optical fiber and their respective Q factor, bit error rate
and eye height of the received signal is measured before and after the Equalization.

VI. CONCLUSION
From the results obtained it is clear that when the Electronic Equalization technique is used, data can be transmitted over
an optical fiber up to a distance of 83 km with 10 Gbps data rate without any inline amplifier or repeater. Thus, we can
conclude that we should shift from using adaptive decision feedback equalizers to electronic equalizers as the
performance of the line is not compromised and also the cost of operation reduces by about 75-80%. Hence, we should
shift from ADFEs to Electronic equalizers.
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