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ABSTRACT

Optical Fiber systems are major telecommunication base for worldwide broadband networks. The bandwidth capacity
is increased by using DWDM optical networks. But in DWDM Optical Communication System, the nonlinear effects
degrades the system performance. FWM is a nonlinear effect that appears at very high optical power and dense channel
spacing. When the channels are equally spaced in a DWDM system, the new waves will be generated by FWM and
these new waves will drop at channel frequencies, giving rise to crosstalk. Four-wave mixing (FWM) is a parametric
approach in which distinct frequencies interact causing the generation of new spectral components. Coming generation
optical networks insists on the use of the high input power and high bandwidth capacity to accomplish bigger data
rates. However, enlarging input power and reducing channel spacing create nonlinear effects including Four Wave
Mixing (FWM). So a technique using circular polarizers along with proposed algorithm namely Dynamic wavelength
shuffling algorithm is implemented which results in reduction of FWM to a greater extent and results are formulated
in terms of Q-factor, SNR and BER.
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INTRODUCTION

Optical fiber communication is a means of transferring information from one place to another by forwarding pulses
of light via an optical fiber [2]. Wide bandwidth signal transmission with less delay is a important factor in present
day applications. DWDM Optical fibers networks provide huge and incomparable transmission bandwidth with too
small latency, and are now the transmission intermediate of choice for high data rate and long distance transmission
in telecommunication networks. Numerous channels of information can travel over a single fiber each using an
separate wavelength in Dense Wavelength Division Multiplexing (DWDM)[2]. But in Optical Communication
System, the nonlinear effects degrades the system performance due to dense channel spacing. As nonlinear effects
appears at very high optical power and dense channel spacing, they become important in DWDM . Four Wave Mixing
(FWM ) is one of the degradation effects in the WDM system with dense channel spacing. FWM is due to changes in
the refractive index with optical power called optical Kerr effect[11][6][5]. Four-wave mixing (FWM) is a parametric
approach in which distinct frequencies interact causing the generation of new spectral components[3][9]. When the
channels are equally spaced in a WDM system, the new waves generated by FWM coincides with channel frequencies
giving rise to crosstalk[3][9]. The new frequencies generated by FWM drops into signal channels, which reduces the
signal-to-noise ratio (SNR) and raises bit error rate (BER) of the system. Therefore, mitigating FWM effects in the
DWDM is very important [4].

So atechnique including circular polarizers is used which changes the polarization of input pulses and converts it into
left and right handed polarized pulses before multiplexer which results in reduction of FWM to a greater extent [1].But
this polarization effect is only applicable to default nature of optical communication. This means that number of users
accessing optical links with circular polarization is quite low when compared to real time optical network traffic is
concerned. This concern is real problem when we used optical communication for general purposes and peak hour of
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traffic reached. Our proposed solution will sort this issue with introduction of dynamically channel shuffling
algorithm.

In this research, the avoidance of congestion in Wavelength division multiplexing optical networks is done by
developing wavelength shuffling algorithm scheme in OPNET Simulator. Execution measure are done on the basis of
parameters, for example, Bit error rate, Quality element and SNR.

Thus, the paper presents the elimination of FWM in DWDM optical networks by using the proposed algorithm taking
into account all the parameters.

SIMULATION SET UP

All the simulations are performed in Opnet at a bit rate of 1 Gbps with sequence length of 128 bits. The experimental
values of our optical communication system consists of WDM transmitter containing 12 channels at a spacing of 200
GHz each .Channel frequencies are from 193 THz to 194.6THz. RZ and NRZ modulation is used in transmitters
followed by WDM multiplexer. MUX is connected to a Dispersion Compensating Fiber (DCF) having area of 80 m?
and 100 km length having dispersion of 80 ps/nm/km and dispersion slope of 0:075 ps/nm?/km with attenuation of 0:2
dB/km. DCF is followed by Erbium Doped Fiber Amplifier (EDFA) of 10 dB gain with zero noise figure. On the
receiver side, theiris a DEMUX followed by the optical receiver with cutoff frequency greater than 0.8 Hz.

Employing Circular Polarizers

Circular polarizers alter the azimuthal polarization of arriving pulses into -90 degree and +90 degrees irregardless it
is polarized left or right handly. Azimuthal polarization is the technique in which the polarization vector is tangential
to the shaft of light. In this way the electric field of adjoining pulses is at 180 degree of each other so the interaction
of neighbouring pulses is less which therefore leads in the minimization of FWM [1].

The circular polarizers have been used in the optical communication network The transmitter is attached to circular
polarizers alternatively having right as well as left hand polarization i.e., if first channel is fixed to left hand circular
polarizer then second channel is fixed to right hand polarizer, and so on. Circular polarizers are provided to the MUX
which is connected to DCF [1].

Employing Dynamic Channel Shuffling Algorithm

There is need of huge resources for fulfilling the rapidly increasing requirement of the communication. Optical fiber
network contributes such as big amount of bandwidth with less delay and drop, so can be used for fulfilling increasing
needs.The main focus is on implementing a good solution for dynamic changing conversion algorithm which provides
routing according to the resources available in the whole network. Proposed work processed the algorithm in pair wise
distribution of wavelength assignment and has sorted the availability of frequencies on which communication need to
process. This has sorted the issue of blocking or conversion of wavelength on intermediate nodes of optical network
which directly lead to better flow and congestion avoidance[10]. Furthermore, wavelength converters are expensive
[8][12].So we generate a new mechanism of frequency coverage but finding the aggregate value of paired paths with
equal frequency matching. In this process we select the best two paths at initial stage after processing frequency
matching algorithm in related study and then apply, aggregated scheme which will possibly shuffle the path if required
for particular wavelength.

Algorithm:
The proposed algorithm is evolved to decrease the cost factor and to enhance the performance of the optical fibre
network[7]. The algorithm is given below:-
1. Firstly find the routes having one or more free wavelengths from source node and list them.
2. Choose first two routes R; and R, from the list undergoing minimum frequency conversion and put Rp— Ry
and Rs— Ro.
3. Send the request Rg on Ri and R; with the information about destination, route, wavelength status for
outgoing route, route cost, route time and load per link.
4. Check if the next node is not the destination node , if not then
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i.  Collect the request Rg and check out the information on signal.

ii.  Make a List of all the free wavelengths on route to the next node.

iii. If no free wavelength is there, then Rq fails otherwise compare the wavelength of Rq with the
available wavelengths. If wavelength matches then Xr is not required and select that wavelength
otherwise Xgr will be required

iv. Add on Rg the information about the need of Xg, Load as well as wavelength status of outgoing
route.

v.  Send Rg to next node.

}
Otherwise go to 6.
5. Goto4.
6. do
{
i. Obtain the information with Rq for R.
ii. Calculate Ng, Lg, ,Xg, Tr
}

7. Calculate the Integrated route cost (Ci(R)) of route R through

Ci(R) =& (Nr) + MLr) + k (Xr) + n(Tr) + C (Sr) @
where ¢, ¢, 1, k are the parameters with value from 0 to 1 and X is the parameter whose value is to be taken into
account as the ratio of the rate of wavelength converters and optical fibers [7].

where Ng, Lr, Xg, Sr, Tr are the number of routes, load per route, frequency converter, superimpose value and total
link load respectively.

Figure 1:
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Figure 1: Flow chart of proposed algorithm
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8. Compare Ci(R) of both routes and select the primary and backup route by using compare algorithm [7].
9. Choose next two routes from the list; Go to (3) till the list ends.
10. Check selected paths as primary routes and aggregate with shuffling functions.
11. If route frequency mismatch on intermediate; Go to (12).
12. Check mismatch alternative with shuffling to aggregate route. Superimpose path shuffling with available
wavelength match.
13. Return Sg value and continue routing till halt by network policy.

RESULTS AND DISCUSSION

Simulation has been performed in OPNET for the two scenarios —one employing circular polarizers and the second
employing optimization consisting of both circular polarizers as well as the proposed algorithm. A graphical
comparison on the basis of execution parameters - SNR, Q-factor and BER has been done for both the scenarios.

It can be seen from figure.2 and table.1, the average value of SNR for optimization and circular polarization techniques
is 36 and 34.6 respectively. So from the results we can say using the proposed algorithm there is a improvement in
the value of SNR.

Figure 2:
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Figure 2: Comparison of SNR at different channel frequencies

The average value of Q-factor for optimised and circular polarizer scenarios is 30.8 and 26.2 approximately as noticed
from table.2 and figure.3. On comparing we can see the Q-factor has been improved in case of optimization.

http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology
[533]


http://www.ijesrt.com/

"% THOMSON REUTERS

** ENDNOTE

[Jain* et al., 5(6): June, 2016] ISSN: 2277-9655

IC™ Value: 3.00 Impact Factor: 4.116
Figure 3:

= Qptimized = Polarization

Q FACTOR (DB)
o

et
o

w

193 1934 193.8 1942 1946
CHANNEL FREQUENCY
Figure 3: Comparison of Q-factor at different channel frequencies
From Figure 4. and table.3 it is can be seen that the bit error rate is 8.09e-06 and 9.6e-06 for optimised and circular
polariser scenario respectively. So it is clear by employing optimization the BER is improved.

The simulation results are revealing the improvement in these parameters.

Figure 4:
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Figure 4: Comparison of BER at different channel frequencies
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Tables:
Table 1. SNR at different channel frequencies
Frequencies> 193 1934 193.8 194.2 194.6 Average
(HZ) (HZ) (HZ) (HZ) (HZ) Value
CIRCULAR 40 36 34 32 31 34.6
POLARIZATION(dB)
OPTIMIZED(dB) 40 38 36 34 32 36
Table 2. Q-factor at different channel frequencies
Frequencies—> 193 1934 193.8 194.2 194.6 Average
(HZ) (HZ) (HZ) (HZ) (HZ) Value
(H2)
CIRCULAR 30 27 26 24 24 26.2
POLARIZATION(dB)
OPTIMIZED(dB) 31 30 31 31 31 30.8
Table 3. BER at different channel frequencies
Frequencies—> 193 193.5 194
(HZ) (HZ) (HZ)
CIRCULAR 0.00000957513 0.000009576419 0.000009737869
POLARIZATION
OPTIMIZED 0.000008 0.000008 0.000008
CONCLUSION

In WDM optical network FWM is the dominant nonlinearity,which not only limits the capacity of the network but
also makes communication unreliable.So in this paper a optimization technique employing circular polarisers and the
proposed algorithm has been described to eliminate FWM in optical networks.The proposed algorithm along with
circular polarisers is providing optimized results as compared to the results obtained from only circular polarisation
technique.Reduction in FWM can been seen through the improvement in the values of SNR, Q-factor and BER.Thus
the FWM is eliminated using optimization which can been observed through the execution parameters.
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