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Abstract: Artificial Neural Network has proved to be one of the

In this work, we are trying to model a simple WDM
communication system using EDFA with the help of ANN.
The uniqueness of soft computing is employed here, in
learning from experimentally achieved data, generalizing in a
high dimension to interpolate for the unseen inputs. There are
a number of soft computing techniques available and most of
them are used in one way or the other in many of the
applications like handwriting recognition, automotive
systems and manufacturing, image processing and data
compression, architecture, decision-support systems, power
systems, neuro-fuzzy systems and fuzzy logic control
etc.[8-13] Soft computing is likely to witness an explosive
growth in the areas of science, engineering and technology
and its influence might be unpredictable.
There are quite a few techniques available in soft
computing, which are already used either as a combination or
used independently. Some of them are neural networks,
support vector machines, genetic algorithms and fuzzy logic
[14-18]. In this work, we are constrained ourselves to use
neural network because of certain advantages it possesses
over other techniques in the current context. The main
advantage of ANN over other statistical methods is that most
of them appear to assume linear relationship and normal
distribution when the problem is non-linear and non-normal,
whereas, ANN can model dependencies between several
variables and capable of conforming to the real world[19-25].
In this work, we are trying to bring the best features of ANN to
fit in the EDFA modelling. ANN are known for recognizing
patterns, and, generalizing from a set of training data by
making simple rules for complex problems.

best and widely used soft computation techniques in diversified
fields such as Biology, Medicine, Energy, Bioinformatics etc.
Modelling in Communication has come far way forward when the
industry realized its benefits over conventional method of research
and development. It mainly helps in two ways. The first advantage
is such that the fabrication cost or wastage is highly reduced,
second being the time to final solution implementation. There are
various computational methods available in market, which were
effectively used in the modelling of different application in
diversified fields. In this work, we will discuss how effectively we
can use ANN for optical elements and extend it to address the
rapid explosion of information traffic and emerging applications
in communication. We consider here a basic set up of forward
pumped EDFA in a WDM long haul communication system and
analyze the characteristics of it through proper signaling. The
characterization of the gain, and amplifier noise is again
modelled with the help of ANN by appropriately using the
experimental data for both modelling and testing. The simulated
output from the model agrees well with the experimental data and
this approach can be extended to serve as a prediction tool for
designing the complex systems in optical communication. The
computational time(~ms) taken to model the system and
mean-square error(10-5 ) limited is very promising to adapt the
model for future activities as desired in further modelling or
fabrication of the amplifier with preferred throughput. The results
of modeling envisage how favorable ANN is on building the
prediction formula in optical communication networks.
Index terms-ANN, EDFA, Modelling, Optical Amplifier

I. INTRODUCTION
Optically amplified WDM systems are economic and their
reliability is both experimentally and practically proved over
the recent years of outburst in optical communication [1-4]. In
this context, EDFA is an ideal choice of optical amplifier
where it will act as a transparent box which is insensitive to
the light parameters and modulation parameters of the optical
signal passing through it and also provides the simultaneous
amplification for all the WDM channels [5-6]. Basic
characterization of EDFA is always have scope because of the
high dependency of the performance of the EDFA on the
intrinsic parameters like core-radius, doping ion Er3+
concentration and their response to the source wavelength,
power level, pump wavelength and pump power[7]. In order
to always obtain a spectrum of interest, we must have a
balanced input. It is always desirable to have the sophisticated
modelling which can predict the desired values.

II. NN IMPLEMENTATION
Neural network is the network of simple neurons. The general
mathematical definition of a single neuron is as below.

------------- (1)
where x is a neuron with n input dendrites (x0, x1,x2,…,xn )
and one output axon y(x) and where w0,…,wn are input
weights. ‘g’ is an activation function which determines based
on the sum of the input. If it’s a simple threshold function, it
can assume a value of either ‘0’ or ‘1’, but, always cannot hold
good because of the way artificial neurons are implemented.
For various reasons, it is smarter to have a smooth activation
function and commonly used are threshold, sigmoid and
hyperbolic tangent, and, are expressed as below,
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The error value ɗk is,

------------- (2)
Where g’ is the derived activation function.
The ɗj value of the proceeding layer can be calculated from
the ɗk value of this layer through the below equation,

------------- (3)

Where K is the number of neurons and ƞ is the learning rate
parameter.
If we denote, Δu as the weights should be adjusted, it can be
written as,

------------ (4)
Where ‘t’ is the value that pushes the center of the activation
function away from zero and‘s’ is a steepness parameter. In
artificial neuron, it can be visualized as the incoming pulse
required to activate a real neuron. During learning phase, ‘t’
together with the weights are adjusted. Hyperbolic tangent
and sigmoid activation functions are smooth with very similar
graphs, the major difference in the output with hyperbolic
tangent ranges from -1 to 1 and the sigmoid from 0 to1 [26].

The Δuj,k value is used to adjust the weight uj,k ,
by uj,k =uj,k +Δuj,k and the back propagation algorithm
proceed to the next input and adjusts the weights according to
the output. This process goes on until a certain criteria are
reached. The stop criteria are usually decided by measuring
the mean square error of the training data while training with
the data, and, when this mean square error reaches a desired
limit, the training is stopped. This method can be extended
for both training and testing data, when, more advanced
stopping criteria involved [30-34]
III. EXPERIMENTAL SETUP
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Fig 1: Sigmoid function with = 0.5 and t= 0.
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An input, presented to the input layer propagated through all
the layers until it reaches the output layer, where the output is
returned. In a feedforward Ann, an input can be easily
propagated through the network and evaluated to an output. It
is more difficult to compute a clear output from a network
where connections are allowed in all directions, like in the
brain, since, this will create loops. Even if, recurrent networks
available to code these loops of time dependencies,
feedforward networks are usually a preferred choice for
situations that are not time dependent [27-29]. While training
the ANN with a set input and output data, the weights should
be adjusted in such a way that, ANN gives the same output as
given in training data. At the same time, over-fitting must be
avoided such that it gives accurate results only for training
data. The training process has to go through an optimization
cycle so that the mean-square error is minimal. Here,
Back-propagation algorithm is used, which will calculate the
error after the input is propagated in the network, and the error
is propagated back to the network till the weights are
optimized to make the error smaller. It works in the following
way,
The error ek on a single output neuron k can be calculated as,
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Fig 2: EDFA based optical communication system
Figure 2 shows the basic experimental set up for a WDM
communication system with EDFA employed. A continuous
wave laser at a launching power level of -20 dbm is used as
the information source, which can be configured to emit at the
wavelength from 1525 nm to 1600 nm, and is multiplexed
after NRZ format modulation. The multiplexed signals are fed
into a single mode fiber. The signal undergoes certain losses
during its transmission in the fiber through attenuation,
dispersion and non-linearity. To balance these, certain
measures are introduced in the system. For example,
non-linearity can be suppressed through active power
management. Dispersion is compensated by using DCF fibers
as shown in the setup. When the multiplexed signal are
transmitted through the fiber, after a certain distance, the
signal will experience attenuation, and an all optical EDFA is
used to amplify the signals. Two EDFA are being used here to
compensate for the attenuation losses from single mode fiber
and DCF. Uni-directional passive elements like isolators used
to remove unwanted signal in the backward direction. The
output of such a system can be studied based on the gain
performance and amplifier noise.

Where yk is the calculated output and dk is the desired output
of neuron k.
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relationship [41]. Figure 4 below shows the progress of
training through neural network.

IV. RESULTS AND DISCUSSION
The performance of EDFA is measured based on several
characteristics results, which include Noise figure, Gain
profile, ASE noise etc. In this work, we mainly focus on the
modelling of certain performance measures, which makes
EDFA prevalent among other optical amplifiers, and can be
effectively extended for the use of other studies too. As
explained earlier, the data is collected experimentally, and the
ANN circuit is trained to simulate the expected results.
Various studies on the performance of EDFA based on
multiple conditions have been extensively studied and
reported by several researchers [35-38]. Our idea here is to
make a sophisticated modelling process which enables us to
predict the results at a given condition, rather than waiting for
the cumbersome procedures of fabrication, analysis and
experiments. We have already mentioned above our choice of
soft computing as ANN and how effectively we can fit this for
EDFA characteristic study and extends to other components
of optical communication system. As explained earlier, the
data is collected experimentally, and the ANN circuit is
trained to simulate the expected results. Experiments have
been conducted as shown in figure to collect the necessary
data for this analytic study. These data have been used to train
the network and test the network, and finally the trained
network will be used for predicting the behavior of unforeseen
data. Figure shows the basic steps involved in the training and
testing phase in ANN using neural network tool in Matlab. As
we discussed earlier, a two layer feed-forward network with
sigmoid hidden neurons and linear output neurons can fit
multi-dimensional mapping problems arbitrarily well, given
data consistency and adequate neurons in the hidden layer.

Fig 4: Neural Network Training
Figure 5 & 6 shows how the experimental characteristics
curves fit in after the modelling using ANN. In the
power-wavelength curve, a set of experimentally obtained
data is used to model the network and the rest is used for
testing the network. The result of simulation is depicted along
with the experimental results, the graphs envisage how
effectively the ANN modelling fitting the characteristic
curves. The same method is repeated for other curves also as
shown in subsequent diagram. Gain variations with
wavelength and input power were of vital research topic since
when the EDFA based communication system is in place.
There is a significant gain tilt in within the available
bandwidth of the EDFA. We do not have a flat spectra, and
the gain differs at the wavelength [42-47]. Input signal power
variation also play a significant role in the gain of EDFA, and
how well the model fits to predict it actually helps in the
designing of the WDM communication system. Similarly,
noise properties are also exhibited by EDFA with respect to
the input power variations and wavelength as shown in the
figure.

Fig 3: Two layer feed-forward NN
The number of neurons in the hidden layer can be set in the
network architecture before training and can always change it
in the panel if the network does not perform well after
training. A training algorithm needs to be selected and
different training can yield slightly different results because of
the change in initial conditions and sampling.
Levenberg-marquardt is a widely used algorithm which takes
lesser time for generalization. trainlm is the network training
function which updates weight and bias values according to
Levenberg-Marquardt optimization. trainlm is often the
fastest backpropagation algorithm in the toolbox, and is
highly recommended as a first-choice supervised algorithm,
although it does require more memory than other algorithms.
The mean square error of validation samples helps in deciding
on when to stop the generalization. Lower value of the Mean
squared error, the average squared difference between outputs
and targets, is preferred, while zero gives no error [39, 40]
There is another parameter called Regression R, which
measures the correlation between outputs and targets. Close
relationship will point to 1 whereas 0 shows a random
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Fig 6: Noise Figure. (b) Noise-Input Power
Fig 5: Gain Profile. (a)Gain-Frequency

V. CONCLUSION
In this paper, we demonstrated how ANN can be used for
modelling the EDFA for the desired characteristics. For this,
Gain profile and noise figure are selected as the output
features of the communication network, and which can be
further extended to any such measures. The theoretical results
extracted from the model competes very well with the
experimental data and therefore the said model can be used to
design such systems. The mean square error value of the
model is on the order of 10-5 with a computational time of
very few milliseconds. So, EDFA characteristics is an
instance of how soft computing techniques can be explored to
meet the modelling requirements of optical communication
networks. This is a value add for ANN due its growing
demand as a successful optical amplifier. The theoretical
results can be used for predicting the behavior of amplifier in
any circumstances and this helps in like any other modelling
tool for the early time to market and avoid overheads of test
fabrications while designing the amplifier. The challenge here
is to select the most suitable algorithm which can give better
results and to decide the number of neurons for accurate
output.

Fig 5: Gain Profile. (b) Gain-Input Power
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