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Abstract: The Optical network plays an important role in the communication field because of its inherent benefits. It reduces capital and
operational cost and also supports a wide range of new and high-bandwidth applications. The most effective and promising technique used in the
Optical communication is WDM-PON (Wavelength division multiplexing passive optical network). WDM-PON provides relatively higher
bandwidth security, high speed and makes communication reliable but security is the main issue on which various attempts are made to increase
this security level in WDM-PON. In this paper, a 20 X 10 Gbps self-protected WDM-PON architecture is used to enhance the security level by
using the Broadband light source (BLS). The results of this study show that physical security can be achieved through Broadband light source in
which each frame is transmitted at a unique wavelength and secured data is obtained at the output. The Performance analysis is performed by

using the Optisystem software.
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1. INTRODUCTION

A huge information measure capability is provided by the
optical access network which incorporates several
applications like Fiber to the house (FTTH), Fiber to the
building (FTTB). PON is a good and promising technique
accustomed implement the FTTH. With the assistance of
various number techniques, an outsized variety of users is
often transmitted on one fiber. WDM is the successful
technique within which capability of a fiber is multiplied on
the idea of the magnitude. It is troublesome to implement all
the changes on TDM (Time-division multiplexing)
attributable to this WDM-PON is most popular over the
TDM PON [1]. Higher information rates are often achieved
by victimization WDM-PON system and conjointly it
provides higher information measure to the system [2]. APD
receiver provides comparatively high responsivity still as
high quantum potency as compared to the PIN
Photoreceiver. Bessel filter shows higher performance in
terms of Minimum BER and most Quality issue [3]. Under
the normal and protection mode operations, evaluation of
WDM-PON is done in both upstream and downstream
directions. The performance of scalable self-protected
WDM-PON shows the good result in comparison to other
PON architecture [4]. Enhanced security system can be
used in WDM-PON with the help of hybrid approach [5]. In
the Hybrid WDM/TDM PON, Dynamic bandwidth and
wavelength allocation (DBWA) algorithms are implemented
to solve the traffic originated by end users equipped with
transceivers with different characteristics [6]. WDM-PON
uses passive components which reduce the maintenance
cost, as well as best performance, is achieved in the system
[7]. Non-return to zero (NRZ) scheme is used in the
realization of the WDM-PON and shows the good result on
fiber length of 20-100 km [8]. As compared to TDM PON
technology, WDM-PON supports a large number of users
and high data rates [9]. RSOA (Reflective Semiconductor
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Optical Amplifier) can be used in WDM-PON for better
performance [10].A better result can also be obtained
through Low pass Bessel filter in the WDM-PON system
[11]. Different amplifiers used in WDM-PON in which
EDFA is proved to be the best amplifier because it has less
crosstalk associated with it and hence, a less chromatic
dispersion is present in the system. It has also shown best
performance in terms of the maximum quality factor and
minimum BER value [12].

Further, dispersion compensation technique such as Fiber
Bragg grating (FBG) is used to compensate the dispersion
and it is also used in monitoring the faults [13][14]. DQPSK
based OCDM/WDM-PON system is less complex than On-
Off keying (OOK). It removes the complexity of WDM
encoder and decoder [15]. Reduction in four-wave mixing
can be done by using the EDFA fiber [16]. DPSK/NRZ
orthogonal modulation provides a multicast overlay scheme
which is used to realize WDM-PON at the data rate of 10
Gbps [17].The bidirectional approach of GPON architecture
can be implemented in downstream directions at the data rate
of 10 Gbps and 2.5Gbps in the upstream direction [18]. In
the present paper, we have presented the simulation of
secured WDM-PON system to provide security with the help
of broadband light source. Data is sent at a rate of 10 Gbps
on a single mode of the fiber at a distance 70 km. This paper
is organized as follows: Section 2 contains the system
description. Section 3 discusses the results of the system in
which good quality signal received at each Optical Network
Unit (ONU). Also, the transmission of 20 channels is
successfully demonstrated on the receiver side and finally,
Section 4 summarizes and concludes this paper.
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2. MODEL DESCRIPTION

A desirable approach for security improvement in PON has
been achieved through the utilization of WDM-PON. A
WDM-PON theme provides point to point link between OLT
and ONU with a novel wavelength. The WDM-PON system
essentially consists of 3 components that are a transmitter,
transmission medium and receiver section. The diagram of
the WDM-PON security system is shown in Fig. 1. The
transmitter section consists of 20 transmitters and all the data
from these transmitters are multiplexed so circulated by
victimization the Broadband light. WDM-PON uses multiple
wavelengths within the network to hold the info with the
assistance of white light in operation at 193.1 rates within the
downstream direction. The main purpose of BLS is to inject
the signal to lock the OLT.

Fig. 1 Block Diagram of 201x10 Gbps WDM-PON security system

It also makes single wavelength to move from input to
output port. The Data rate of 10 Gbps is used in the OLT
and Single mode fiber of length of 70 km is used to carry the
data. All the parameters which are used for designing the 20
X 10 Gbps WDM-PON system have been mentioned in a
table given below.

Table 1. Parameters used in designing the WDM-PON in the downstream
direction

Parameters Values

CW Laser Frequency 193.1THz (Downstream)

Data Rate 10 Gbps

Line coding scheme NRZ pulse generator
Detector APD Detector
Filter Low Pass Bessel Filter
Power 0dBm
Frequency Spacing 100 GHz

White Light Source 193.1 THz

Channel spacing of 100GHz is used to avoid the
disturbances occur among the adjacent frequencies. Non-
Return to Zero (NRZ) is a line coding scheme used in WDM
transmitter in which binary value ‘1’ is represented by a
positive voltage and ‘0’ is represented by a negative voltage.
The pulses have more energy than the RZ code. It requires
only half the bandwidth than another coding.
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Fig. 2. Block diagram of ONU

At the receiver side, data is demultiplexed with the help of
demultiplexer. Fig. 3 shows the block diagram of ONU
(Optical network unit). ONU consists of a detector and low
pass Bessel filter which is used to convert optical signal
back to electrical form. APD detector is preferred over the
PIN detector. Since, It has much higher sensitivity and
responsivity because of avalanche effect in its intrinsic
region to create an electrical gain. The Output from APD
detector is passed to low pass Bessel filter. Low pass Bessel
filter has a good phase response and also it has the best step
response with minimal overshoot or ringing, So, a uniform
time delay within pass band is attained. Along with that
Bessel filter has a slower initial rate of attenuation beyond
the pass band compared to Butterworth and other filters. The
electrical signal from the filter is passed through the
regenerator. The output is obtained by using the BER
analyzer at the receiver end.

3. RESULTS AND DISCUSSIONS

This paper analyzes the performance of 20 users of WDM-
PON in the downstream direction with the help of white
light source to enhance the security level. Signals having
multiple wavelengths is used to carry the data. The WDM-
PON model has been verified by using optical spectrum
analyzer which indicates that data is secured on each
channel. A 10Gbps signal source was given in OLT by using
optisystem. Data from different transmitters are passed
through the bi-directional circulator. A single mode fiber of
length 70 km is used to carry the data and then data is
demultiplexed to each destination ONU using WDM
demultiplexer.
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Fig. 3 Optical Spectrum at Demultiplexer
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The transmission spectrum of 20 Channels WDM-PON
before demultiplexer is shown in above Fig. 3. The
responsivity of WDM-PON network is 1 A/W and dark
current used is 10nA in the system. It is clearly visible that
signals having multiple wavelengths are separated on the
basis of their respected frequencies and accepted by each
ONU. The output is obtained and analyzed with the help of
BER analyzer at the receiver end.
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Fig. 4 (a) Power spectrum of ONU 1 ; (b) Power spectrum of ONU 2 ;
(c) Power spectrum of ONU 3; (d) Power spectrum of ONU 4

We have taken an optical spectrum of 4 ONUs and

results of these ONUs defines that each signal is received at
particular wavelength without interfering with another
wavelength. It is assured from the Fig. 4 (a) (b) (c) (d) that
specific user has specific frequencies and all other
frequencies are filtered out at the demultiplexer. Adjacent
channels have shown a small amount of signal power in
WDM -PON at each ONU but their level is below the
threshold level of the receiver.
It is clearly seen from the results that the good quality signal
received at each ONU. Also, we have measured the BER
and quality factor in this simulation environment which
corresponds to mean values. The data rate of 10 Gbps is
used in this evaluation. Single mode fiber having a length of
70 km is used to carry the data preferred over the multimode
fiber to avoid intermodal dispersion which signifies longer
rate of transmission due to less attenuation and signal
remains stronger for the considerable length.

Table 2 contains the values of first three ONUs out of 20
in terms of min BER, maximum quality factor, eye height
and threshold.
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Table 2: Analysis of NRZ coding at 10 Gbps data rate of 20 ONUs

Eye height

Threshold

Max. Q Factor Min. BER
ONU 1 5.69686 6.0456e-009
ONU 2 5.63695 8.4307e-009
ONU 3 5.97299 1.15183e-009
ONU 4 6.0152 8.86476e-010
ONU 5 5.51442 1.71486e-009
ONU 6 5.92235 1.55229e-009
ONU7 5.90644 1.72709e-009
ONU 8 5.66185 7.40682¢e-009
ONU 9 5.51166 1.74449e-009
ONU 10 5.64018 8.19547e-009
ONU 11 6.02358 8.3835e-010
ONU 12 6.15586 3.66618e-010
ONU 13 5.76654 3.94902¢-009
ONU 14 5.7335 4.78137e-005
ONU 15 5.75898 4.12900e-005
ONU 16 6.29241 1.54149e-010
ONU 17 5.8339 2.6626e-009
ONU 18 6.00812 9.09632e-010
ONU 19 6.01505 8.79338e-010
ONU 20 6.23974 2.14946e-010

4.05554e-005
3.98831e-005
4.22624e-005
4.29447e-005
3.96445e-005
4.24965e-005
4.20817e-005
4.10115e-005
3.90982e-005
4.02327e-005
4.3268e-005

4.42411e-005
4.19902e-005
4.0696e-005

4.11818e-005
4.57504e-005
4.24124e-005
4.40841e-005
4.40889e-005
4.60218e-005

5.63937e-005
5.54293e-005
5.73672e-005
5.59181e-005
5.54528e-005
5.55713e-005
5.63409e-005
5.75235e-005
5.50997e-005
5.2231e-005

5.56777e-005
5.50572e-005
5.47342e-005
5.3073e-005

5.3952¢-005

5.62108e-005
5.46424e-005
5.37551e-005
5.61846e-005
5.60447e-005

The eye pattern technique is used for assessing the data
handling capabilities and evaluating the performance of an
optical system. The width of the eye opening defines the
time interval over which the signal is received without any
inter symbol interference. The Fig. 5 (a,b,c) shows the eye
pattern of 20 receiver ONUs and specifies that the data is
received without interfering with other signals. These results
are obtained for WDM-PON system at 10Gbps data rate and
show that there is a slight increase in the values indicating
the secured data is received at the output. A plot of BER vs.
SNR curves of 20 channels to demonstrate the successful
transmission of all the channels which is shown in Fig. 6.
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Fig. 6 Plot of SNR vs BER
4. CONCLUSION

In this research paper, the performance of a 20x10 Gbps
WDM-PON system in the downstream direction is
evaluated. This PON architecture is presented with an
enhanced security. A secure point to point connection has
been created with the help of Broadband Light Source
between OLT and each of 20 ONU’s. A Single mode of the
fiber of length 70 km is used to carry the data. In order to
verify the security mechanism, simulation results have been
presented using optisystem software. The future work can be
done to increase the number of users and to increase the data
rate in WDM-PON system. Also, research work can be
extended for RZ and Manchester Coding to obtain results
for different data rates.
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