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Abstract As optical network system become more complex and hence expensive, hands-on experiments based on optical
network simulation have become very important for teaching in technical and technological institutes. This study investigates
the performance of the optical network under different scenario with a minimum cost. An experimental study using
OptiWave OptiSystem simulator to observe the performance of Erbium Doped Fiber Amplifier (EDFA) and determine its
characteristic under varying input power at 1550nm range was carried out. It further demonstrated the performance of EDFA
under dense wave division multiplexing (DWDM) by observing its characteristics when using four transmitter with
wavelengths 1560nm, 1550nm, 1541nm, 1532nm multiplexed over a fiber link and amplified by an EDFA. In a further
experiment in this study, the effect of Four Wave Mixing (FWM) amplified over a DWDM network was observed, and by
extension the effect of reducing the Chromatic dispersion coefficient from 16.75ps/nm/km to 11.75ps/nm/km on the FWM
formed was shown. The result obtained showed that for an EDFA to be used as an amplifier the amplified spontaneous
emission (ASE) characteristic of the EDFA must be low in order to obtain a high Optical signal to noise ratio (OSNR). It was
also observed from the eye diagram obtained that the inter symbol interference (ISI) was reduced at wavelength of 1541nm
and 1532nm due to lower attenuation at this range. The result also showed that the effect of FWM increased with increase in
input power at the transmitter and by increasing the chromatic dispersion coefficient, the effect of FWM on the output wave
transmitted was reduced.
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effect from various forms of dispersion such as Four Wave
Mixing (FWM) which interferes and degrades the signal
output of the transmitted signal [4] [5]. In this experimental
study, the performance of the EDFA characteristics was
investigated by observing the ASE under varying input
power of -30dB to -20dB using the OptiSystem simulator

1. Introduction

The propagation of optical pulses over an optical network
experiences losses due to dispersion and non-linearity effects
and this leads to the need for amplification. The commonly

used amplifier is the Erbium doped feedback amplifier
(EDFA) [1]. EDFA is commonly used due to the fact that in
the long-range optical communication, it -efficiently
amplifies light in the 1.5um wavelength region (C-band)
where telecommunication fibers have minimum loss [2]. It is
a power booster that raises the input signal to a desired level
in the fiber network. Ab-Rahman (2014) [3] maintains that
EDFA has much improved noise characteristics and
polarization insensitivity. The amplifier operates as a power
amplifier that amplifies the optical signal to be transmitted to
another segment of the network [3]. A major challenge after
amplification is the presence of amplified spontaneous
emission (ASE) which occurs concurrently with signal
amplification and degrades the optical signal-to-noise ratio
(OSNR). The optical network also experience degrading
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[6]and consequently the Optical Signal to Noise Ratio
(OSNR) was obtained. In the second experiment a DWDM
optical network is setup to observe the characteristic of
EDFA using four different wavelengths in the C-band [2].
The effect of each wavelength was observed by considering
the changes in the equivalent eye diagram as was shown in
section 3.0. An optical network was also setup consisting of
four optical transmitters to be multiplexed and transmitted
over a fiber link, then amplified by an EDFA to observe the
effect of FWM on the transmitted signal when input power is
increased.

1.1. Overview of DWDM Optical Network

A dense wave division multiplexing (DWDM) operates by
assigning incoming signal to a particular wavelength and
then multiplexing each wavelength over a single fiber link,
this increases the carrying capacity of an optical network.
That is, more than one wave is transmitted over a single
channel [7]. A DWDM optical network commonly consist of
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transmitters, fiber link, Erbium doped fiber amplifier
(EDFA), receivers, AWG multiplexer, and demultiplexer [8]
[9]. The need “to mitigate complex and costly time-sharing
of available bandwidth in TDM based passive optical
networks (PONs) has led to the development of new type of
access network that both simplify the network operation”
and also cope with the required bandwidth [10] [11]. A PON
is a system that brings fiber optic cabling and signals to all
or most of the way to the end user [12]. Raj & Mascreen,
(2015) revealed that PON technologies are available since
the mid-90s, but in the last few years standards have
matured and commercial standards are being implemented
[13].

1.1.1. EDFA

The Erbium doped fiber amplifier provides a way of
amplifying all wavelength simultaneously. It operates at the
[.5um or 1550nm range (C-band) [2] and is designed to
amplify light in this region. One demerit of EDFA is that it
adds noise and some non-linearity to the amplified signal
[14]. This amplified noise is referred to as ASE. In turn, ASE
degrades the output signal [6] [7] by adding noise to it as
described in Figure 1.

1.1.2. FWM

Four wave mixing is a nonlinear effect that occurs when
signals co-propagate together in a fiber and they mix
together to form extra channels that can interfere and reduce
the transmitted signal output power and increase noise in the
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system. The total number of additional wavelength that can

be created is given by [6]:

N2(N-1)
2

FWM = (D

where N is the number of original wavelength

2. Materials and Methods

The two experiments were set up using OptiSystem
software version 13 obtained from OptiWave Inc. Standard
tools on the software package were employed and the
simulations are described in the sections that follow. The
OptiSystem package has been shown to be a very good
alternative in optoelectronics and fiber optics teaching
e-laboratory [15]. The experiments were set up using a PON
known to be characterized power consumption, and it does
not have any problem with heat and temperature, except
lasers, amplifiers and photoreceivers [16].

2.1. Simulation of EDFA Characteristics

The simulation setup was connected as shown in Figure 2.
The setup consisted of a continuous wave laser module, an
EDFA module, and an Optical Spectrum analyzer. The
transmitter was operated at 1550 nm and the power of the
laser was set between -30dB and -20dB and the output was
measured at the optical spectrum analyzer. The ASE, output
power, and optical signal to noise ratio (OSNR) were
measured from the output.
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Figure 2. EDFA simulation setup
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2.2. Setup and Simulation of WDM Network
Characteristics

The simulation was carried out as a substitute for real
experimental set-up. Given the high cost of optic fiber cables,
it is not quite easy to carry out a real experimental set-up.
Also, given the complexity of the structure and high cost of
the system, it is unpractical to optimize the performance for
these two amplifiers by experiment [17]. However, the
results obtained in the research were consistent with results
from other research works.

The simulator was configured to carry out test on the
FWM based on familiar theoretical background in optic fiber
systems. The simulator uses the effects of link attenuator,
represented as a variable (VOA) inserted before the amplifier.
For this purpose, optical signal attenuation can be obtained
as [18]:

Epuexy(t) = Einyy(£)107%/20 (4)

where E)X‘y (t) is the electric field vector (polarization in x
and y) and « is the attenuation (dB).
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The optic fiber model used simulates the propagation of
the electric field in single-mode fiber with dispersion and
nonlinear effects considered from the numerical integration
of the nonlinear Schrodinger equation (NLS) [19].

The WDM network was setup as shown in Figure 3. The
four transmitters represent four wavelengths A =1560 nm,
A= 1550 nm, A,= 1541 nm, A;= 1532 nm across the C-band.
The setup consisted of a multiplexer, an EDFA, two fiber
links of length 50 km each, a demultiplexer, four optical
receivers each for each wavelength, BER analyzers to view
the corresponding eye diagram, two optical spectrum
analyzer (OSA) to observe the OSNR. The results are as
presented in Section 3.0.

2.3. Setup and Simulation of FWM Characteristics

The experiment was setup as shown in Figure 4 where the
optical network consisted of four optical transmitter with
wavelength situated in the C-band with an interspace of
50GHz, a multiplexer, a 100km fiber length cable link and an
EDFA amplifier. The transmitter wavelength were
A=1550.52nm, A;=1550.12nm, A,=1549.72nm  and
A3=1549.42nm respectively. The power measured at the fiber
input and output are presented in Table 3.
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Figure 3. Amplified WDM simulation setup
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3. Results and Discussion

The EDFA characteristics are presented in Table 1. From
the table it can be deduced that as the ASE increased relative
to the output power, the OSNR reduced accordingly. That is,
the higher the ASE, the lower the OSNR. This in turn will
limit by extension the number of amplifiers that can be used
in practical application. Figure 3 shows the plot of the OSNR
against the output power at the EDFA It can be observed
from the graph that the EDFA has a better performance at
higher output power than at the lower region, that is, at lower
output power the ASE is higher and this affects the resulting
OSNR.

Table 1. EDFA characteristics
Input power Output power ASE Gain | OSNR
(dBm) (dBm) (dB) (dB) (dB)
-30 4.7 -29.2 34.7 339
-28 6.6 -29.4 34.6 36.0
-26 8.38 -29.6 344 37.98
-24 10.8 -29.9 34.8 40.7
-22 11.7 -30.4 33.7 42.1
-20 13 -31.1 33 44.1

From Table 2 it can be deduced that at wavelength A=1541
and A=1532, the height of the eye is having the highest range
of value due to low inter symbol interference (ISI) at those
regions, and hence those regions can be considered when
choosing a bandwidth for amplification. Figure 5 shows the
plot of the height of the eye against the wavelength. It can be
observed that the height of the eye is having a higher value at
the range of A=1541nm and A =1532nm.
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Figure 5. Plot of OSNR against Output Power

Table 2. Amplified WDM network output

ave-lengths Op::::’e“: ASE OSNR Eye
(nm) @Bm) | @® (dB) height (m)
1560 1606 | -41.66 | 25.65 3.62619¢-005
1550 13.06 | -3849 | 2543 6.90165¢-005
1541 910 | -3823 | 29.13 0.000183269
1532 346 | 2758 | 2412 0.000643659

Table 3. Power at the input and output of the fiber

Wavelength Output power at Output power at
(nm) fiber input(dBm) fiber output(dBm)

(A) 1550.52 9.4250 -11.61

(A1) 1550.12 9.9503 -11.10

(A2) 1549.72 9.9054 -10.59

(A3) 1549.32 9.9404 -11.05
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From Figure 6 it can be observed that at the 1541nm range
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the height of the eye increases up to 1532 nm. That is, the
level of inter symbol interference (ISI) was lower at this
range of wavelength as shown in the equivalent eye diagram
for each wavelength in Figure 7.

Table 3 shows the input power at the fiber link and power
at the output of the fiber. It can be deduced that the input
power experienced losses after being transmitted over the
fiber.

Table 4. Optical power at EDFA output

Power at Optical power of EDFA output (dB)
Transmitter (dB
(@) A Mo | A
13 10.02 10.48 10.00 | 09.37
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Figure 7. Eye diagrams of the WDM network
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As depicted in Table 4, as the power at the transmitter
increased, the output at the EDFA for A to A3, reduced due to
the effect of four wave mixing. That is, the newly formed
wave degraded the output of the transmitted signal as the
transmitter power increased form (13dB - 19dB). When the
Chromatic dispersion parameter was changed from
16.75ps/nm/km to 11.75ps/nm/km the value of the output
decreased showing that dispersion can be used to reduces the
effect of FWM, as shown in Figure 8 and 9.

J‘ IJU f
R u
E
g L‘J I
g7
e

Wavelength (m)

Figure 8. Output after fiber link at dispersion=16.75ps/nm/km
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Figure 9. Output of fiber at dispersion=11.75ps/nm/km

Figure 8 shows the output at the fiber at a chromatic
dispersion of 16.75ps/nm/km and Figure 8shows the output
at 11.75ps/nm/km. The chromatic dispersion was reduced
from 16.75 to 11.75 ps/nm/km indicating that the signal was
degraded as shown. Due to interference from the FWM,
more side wavelength were formed at 11.75ps/nm/km which
degraded the transmitted signal, as observed in Figure 9.
Table 5 gives the measured power output for chromatic
dispersion of 16.75ps/mm/km and 11.75ps/nm/km
respectively.

Table 5. Fiber optical output power with the rate of chromatic dispersion
decreased

Output power at Output power at
Wavelength Dispersion dispersion
(nm) of 16.75ps/nm/km of 1.75 ps/nm/km
(dBm) (dBm)
(A) 1550.52 -1.5 -7.8
(A1) 1550.12 -6.6 -6.7
(A2) 1549.72 9.2 -10.28
(A3) 1549.32 -10 -12.2

Considering the data in Table 5, it is seen that due to the
chromatic coefficient being higher than 16.75ps/nm/km, the
effect of FWM on the output at the EDFA was reduced while
in 11.75ps/nm/km the effect of FWM was more pronounced.
That is, the number of sideband was reduced.

4. Discussion

In this study, three characteristics have been discussed
with respect to optical network, as seen from the above
analysis. There are three conclusions that can be made based
on the analysis and statistic mentioned above. First, result
obtained from the EDFA experiment showed that for an
EDFA to be used as an amplifier the amplified spontaneous
emission (ASE) characteristic of the EDFA must be
considered, for it was observed that as the ASE increased, the
gain of the amplifier reduced and hence by extension the
signal to noise ratio (OSNR) reduced.

Secondly, it was also observed that from the eye diagram
obtained that the inter symbol interference (ISI) was reduced
at wavelength of 1541nm and 1532nm and this range will be
suitable for amplification for practical application because of
its low level of interference as indicated by the result
obtained in the experiment.

The result obtained also showed that the effect of FWM
increased with an increase in input power. That is, more side
band were formed and the new sideband degraded the signal
by interfering in such a manner that caused an overlap on the
transmitted signal and hence degraded it. When the
transmitter input power was at 19dB the effect of the FWM
was more pronounced. When the chromatic dispersion
coefficient was reduced the effect and number of sideband
formed also increased, showing that the effect of FWM on
the output wave transmitted can be reduced by increasing the
chromatic dispersion of the fiber link.

5. Conclusions

The OptiSystem simulator is a versatile tool in designing
fiber network as it can stand in place of very expensive
equipment for training. Thus we recommend that all
department of electrical engineering in Nigerian higher
institutions adopt the use of the software for training of
students on fibre network. Before this can be achieved
though, member of staff have to undergo necessary hands-on
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training on the use of the software.
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