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Abstract
The intensification of traffic in the access network requires the 
evaluation of novel architecture for a reconfigurable network and 
components based on optical technologies. Optical networks 
are found the most feasible for this purpose. Network operators 
need valid solutions to enhance network reach and data 
carrying capabilities to generate revenues by deploying passive 
optical networks in the access network. This paper evaluates 
and compares the performance gains by using independent 
multicast data streams on a time-division-multiplexed and 
wavelength-division-multiplexed passive optical network in a 
32 users. Simulation work reveals that performance gains of 
around 25km in terms of system reach and up to 10Gbps in 
term of data carrying capacity per user can be attained.
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I. Introduction
There have been substantial research and development efforts 
on the Fiber-To-The-Home (FTTH) networks as the bandwidth 
demand in local access networks increase from simple data 
services to bandwidth demanding multimedia services. There 
are two typical network structures are time-division-multiplexed 
(TDM) and wavelength-division-multiplexed passive optical 
network (WDM-PON) [1, 2, 3].The requirements to be fulfilled 
of these future demands are higher bandwidth demands, 
increasing subscriber density, increased reach, greater flexibility, 
and security. This is impossible to achieve using copper based 
infrastructure due to insufficient bandwidth availability, signal 
distortion, & security issues. Additionally, digital Subscriber Line 
(DSL) services cannot reach beyond 12,000 feet [3]. While 
various types of FTTH schemes have been proposed, passive 
optical networks (PONs) are most favorable for the network 
operators in term of maintenance and operation. Even time 
division multiple access (TDMA) PON utilize the bandwidth of 
fiber effectively, it has limitation in the increase of transmission 
speed. On the other hand, the wavelength division multiple 
access (WDMA) scheme. WDM-PON becomes more favorable 
as the required bandwidth increase. Even through WDM-
PON have several advantages over TDM-PON. It has failed to 
attract attention from industries because of high cost of WDM 
light source. Recently amplified spontaneous emission (ASE)-
injected Fabry-Perot laser diode (FP-LD) was proposed as a low 
cost WDM light source [4].
One of the perspectives the research has been undergoing in 
TDM-PONs and WDM-PONs in use of different no of user and 
different type of data rate. Traditionally TDM have been employed 
due to their ease of use and low cost. Although more recently 
the deployments of several WDM-PON architectures have arise. 
This research paper examines the different standards of passive 
optical network in downstream direction accommodating 8 and 
16 users. The rest of the paper is organized as follows. A brief 
overview of current PON technologies and research challenges 

along the generic WDM PON operation is given in section II. 
This is followed by section III outline simulation methodologies 
and parameters assigned. Section IV explains the results and 
section V concludes the papers.

II. Proposed Optical Access Networks
GEPON is the point to multipoint optical network. OLT with 
Central Office establish the transmitter part, fiber trunk forms 
channel and, Optical Network Terminal (ONT) forms the receiver 
part. Thus it is observed that GEPON Scenario is divided in to 
three parts: transmitter, channel and, receiver. At transmitter 
side the data signal is transmitted by the signal generator at 
the wavelength of 1550 nm. From the signal generator the 
data signal is taken as the input to the driver. Laser is used to 
converts the electrical signal into optical signal. This optical 
signal is amplified by the optical amplifier. For travelling the 
optical signal will use the optical fiber as a medium. Optical fiber 
will be single mode fiber (SMF). SMF sustains only one mode 
of propagation. SMF is used for long distance transmission. 
From the scenario it is found that the fiber length is of 20 Km. 
Splitter is the passive component used to split single fiber 
among various destination ports or optical network terminals. 
Splitter 1:8 is used to split the single fiber into 8 various fibers. 
From the optical splitter one output is taken as the input to the 
optical filter and second output is taken as the input to another 
optical filter. The outputs of the optical filters are taken as the 
input to the receiver. At the receiver optical detectors are used 
to detect the optical signals and convert the optical signal into 
electrical signal. The analysis tools such as signal analyzer, 
spectrum analyzer, BER tester, dispersion map and multiplot 
are used to analyze the signals.
This section briefly makes a description of the operation of 
two major PON technologies and the effects of the following 
parameters are analyzed based on the quality factor and bit 
error rate.
A. WDM
B. TDM

A. WDM Architecture

Fig. 1:  WDM-PON Simulation setup
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Optical transmission link based on AWG optical network has 
the simulation set up as shown in fig. 1, It consists of stages, 
an optical transmitter and optical receiver and between them a 
method of reconfiguring the paths. The AWG optical network and 
the wavelength channels that are to continue on, from various 
nodes onto a single output Fiber through optical combiner. The 
optical AWG demultiplexer separates wavelengths in an input 
fiber on to ports. Optical splitter are also used an attenuation 
of 0dB at each output port so this component implements an 
ideal splitter without any insertion loss, i.e. a component that 
perfectly splits the input signals. The electrical scope is used 
to obtain eye diagram, and from the eye diagram the values of 
BER and Q factor. The basic architecture of the network based 
on an AWG demultiplexer’s optical network is shown in fig. 1. 
At AWG multiplexer input port data is collected from attached 
node. After the amplification by SOA the data is transmitted 
through single mode optical fiber. SOA‘s gain is 5 dB. Similarly, 
after the transmission fiber data is amplified by the SOA. In this 
WDM system, CW laser emit light at a wavelength of 1550 nm. 
After being transmitted through a high-bandwidth optical fiber, 
the optical signals must be demultiplexed at the receiving end 
by distributing the total optical power to each output port and 
then requiring that each receiver selectively recover only one 
wavelength by using a tunable optical filter.

B. TDM Architecture

Fig. 2:  TDM-PON Simulation setup

In TDM, the downstream signal is broadcast and optical power 
is split at the RN. The upstream signals of the subscribers 
are combined at the RN. Therefore security algorithms for 
downstream signals and collision-avoiding for upstream signals 
are required. Even TDM has several advantages as an optical 
access network; it has several problems as well. Since the 
optical power splitter is used in the RN, the optical power loss 
of both direction signals increase as the number of optical 
network unit (ONUs) increase. In addition the splitting ratio is 
limited by the optical power of optical transmitters.

III. Simulation Resuls
This section presents selected results from our simulations of 
the network shown in fig. 1

A. TDM 1:8 SIMULATION ANALYSIS

Fig. 3: Eye Pattern at 5km

Fig. 3, shows the results obtained in the form of eye diagrams. 
Fig. 3, shows the distance eye diagram of optical splitter based 
network, it is observed at the receiving end. This eye diagram 
shows the result at the distance of 5 km.

Fig. 4: Eye Pattern at 10 km

Fig. 5: Eye Pattern at 15 km

Fig. 6: Eye Pattern at 20 km

Fig. 7: Eye Pattern at 25 km

Fig. 8: Eye Pattern at 30 km
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Table 1: for TDM 1:8 Passive optical network
Fiber 
Length(km)

Q.F
(db) Jitter(ns) Eye 

Opening
Eye 
Closer

5 26.88 0.0182 1.3e-006 0.437
10 25.23 0.0183 9.7e-007 0.609
15 24.50 0.0190 7.6e-007 0.675
20 23.91 0.0209 5.9e-007 0.806
25 23.83 0.0227 4.9e-007 0.616

Table 1, shows the simulation results at different fiber lengths 
with TDM technique. It is observed that at the fiber length of 
5 Km, Quality Factor will be 26.887 for the bit rate of 1.25 
Gbps. It is analyzed that when the distance increases from 5 
Km to 25 Km then the BER increases and the Quality factor 
decreases. As the distance increase jitter is also increase, this 
can be improved by increasing the buffer at the receiver. At 25 
km the quality factor is reduce to 23.835.
Quality Factor plot

Distance (km)
Fig. 9: Quality factor plot for TDM 1:8

Graph is plotted in between the Q value & distance. Fig. 9, 
shows the Quality factor plot for different lengths. As the length 
of the fibre increase Quality factor decrease.  Best quality 
factor obtained using NRZ modulator. Figure shows the value 
of quality factor at each instant. In TDM PON quality factor is 
26.887544 db using NRZ modulator.

B. WDM 1:8 Simulation Analysis

Fig. 10: Eye Pattern at 5 km

Fig. 10, shows the results obtained in the form of eye diagrams. 
Fig. 10, shows the distance eye diagram of AWG optical based 
network, it is observed at the receiving end. This eye diagram 
shows the result at the distance of 5 km.

Fig. 11: Eye Pattern at 10 km

Fig. 12: Eye Pattern at 15 km

Fig. 13: Eye Pattern at 20 km

Fig. 14: Eye Pattern at 25 km

Table 2: for WDM 1:8 Passive optical network
Fiber 
Length(km) Q.F(db) Jitter(ns) Eye 

Opening Eye Closer

5 37.7 0.0124 0.0761 0.125
10 31.8 0.0135 0.0071 0.232
15 28.0 0.0145 0.0068 0.356
20 26.6 0.014 0.0356 0.399
25 23.6 0.018 0.0647 0.064
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Table 2, shows the simulation results at different fiber lengths 
with WDM technique. It is observed that at the fiber length of 5 
Km, Quality Factor will be 37.73 for the bit rate of 10 Gbps. It 
is analyzed that when the distance increases from 5 Km to 25 
Km then the BER increases and the Quality factor decreases. 
As the distance increase jitter is also increase, this can be 
improved by increasing the buffer at the receiver. At 25 km the 
quality factor is reduce to 23.62.It is observe that WDM gives 
better performance as compare to TDM technique.
Quality Factor plot

Distance (km)
Fig. 15:  Quality factor plot

Fig. is plotted in between the Q value & distance. Fig. 15, shows 
the Quality factor plot for different lengths. Best quality factor 
obtained using NRZ modulator. Fig. shows the value of quality 
factor at each instant. In WDM quality factor is 37.733535 db 
using NRZ modulator.

C. TDM 1:16 Simulation Analysis
Table 3: For TDM 1:16 Passive optical network

Fiber 
Length(km) Q.F(db) Jitter(ns) Eye Opening Eye 

Closer

5 27.5 0.0178 1.2e-006 0.507
10 26.4 0.0191 1.0e-006 0.421
15 25.6 0.0201 7.8e-007 0.452
20 24.8 0.0208 6.1e-007 0.609
25 23.5 0.0206 4.8e-007 0.732

Table 3, shows the simulation results at different fiber lengths 
with TDM technique using 16 user at the receiver side. It is 
observed that at the fiber length of 5 Km, Quality Factor will be 
27.509 for the bit rate of 1.25 Gbps. As the user increase Quality 
factor should be decrease. By changing the different simulation 
parameters and amplifier it is improved up to 26.509. It is 
analyzed that when the distance increases from 5 Km to 25 
Km then the BER increases and the Quality factor decreases. 
As the distance increase jitter is also increase, this can be 
improved by increasing the buffer at the receiver. At 25 km 
the quality factor is reduce to 23.835.

Table 4: For WDM 1:16 PON
Fiber 
Length(km) Q.F(db) Jitter

(ns)
Eye 
Opening

Eye 
Closer

5 37.1 0.0133 0.0082 0.133
10 33.6 0.0153 0.0083 0.212
15 28.8 0.0160 0.0078 0.305
20 27.1 0.0162 0.0078 0.373
25 24.2 0.0170 0.0075 0.550

Table 4, shows the simulation results at different fiber lengths 

with WDM technique using 16 user at the receiver side. It is 
observed that at the fiber length of 5 Km, Quality Factor will be 
37.112 for the bit rate of 10 Gbps. As the user increase Quality 
factor should be decrease. By changing the different simulation 
parameters and amplifier it is improved up to 37.112. It is 
analyzed that when the distance increases from 5 Km to 25 
Km then the BER increases and the Quality factor decreases. 
As the distance increase jitter is also increase, this can be 
improved by increasing the buffer at the receiver. At 25 km 
the quality factor is reduce to 24.224.

D. Comparision of TDM 1:8 / WDM 1:8

Distance (km)
Fig. 16: Quality factor plot

E. Comparision of TDM 1:16 / WDM 1:16
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Fig. 17:  Quality factor plot

IV. Conclusion
By analyzing the signal wavelength spectrum it is concluded 
that the power of the signals reduces as the distance varies 
from 10 Km to 30 Km. From the Table I and Table II it is observed 
that in TDM technique the performance of the system is poor  
as the distance varies from 10 Km to 30 Km corresponding 
BER increases and Quality factor decreases. Using the WDM 
Technique, it is concluded that transmission distance can be 
increased from 10 Km to 30 Km and data rate can be increased 
from 1.25 to 2.50 Gbps. Thus using this technique system 
performance can be increased even at the distance of 30 Km. 
It is observed that when the distance will increase then the 
corresponding  dispersion will increase and optical power will 
decrease.
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