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Abstract
In the present work, performance of the FTTH Gigabit Ethernet 
Passive Optical Network (GEPON) system with triple play 
services such as video broadcast at 1550 nm and voice over 
IP and high speed internet at 1490 nm with 1:32 splitting is 
evaluated using FEC technique. By using the FEC (Forward 
Error Correction) technique the transmission distance of fiber 
is increased from 20 Km to 30 Km and data rate is increased 
from 1.25 Gb/s to 2.50 Gb/s. The performance characteristics 
like bit error rate, quality factor, dispersion, optical power and 
eye diagrams are studied by simulating different systems. 
The simulation model of the GEPON based on the OptSim is 
presented according to the above principle.

Keywords
PON, GEPON, Simulation, BER, Q-factor, Dispersion, Optical 
Network.

I. Introduction 
Nowadays there is a rapidly growing demand for transporting 
information from one place to another. Optical communication 
systems have proven to be suitable for moving massive amounts 
of information over long distances at low cost. As internet traffic 
capacity is increasing, this increase has lead to future capacity 
upgrades. Fiber optic cables are made of glass fiber that can 
carry data at speeds exceeding 2.5 gigabits per second (Gbps). 
In these days almost all long haul high capacity information 
transport needs are fulfilled by optical communication systems. 
For next generation of optical communication systems, fiber-to-
the-home (FTTH) using passive optical network (PON) system 
design is required to improve transmission performance [1]. 
In Japan, the number of broadband service contracts reached 
30.11 million as of the end of December 2008. Among these, 
the number of fiber-to-the-home (FTTH) users was 14.42 
million, followed by 11.59 million for digital subscriber line 
(DSL) and 4.08 million for cable television (CATV). The number 
of service contracts for FTTH access services now exceeds 
that of DSL and half of all broadband users are FTTH users. 
Passive optical network (PON) is a point-to-multipoint network 
in which unpowered optical splitters are used to enable a single 
optical fiber to serve multiple premises [2]. PON is classified 
into APON (ATM PON), EPON (Ethernet PON) and GPON (Gigabit 
Capable PON) on the basis of protocol method. APON provides 
transmission at 622 Mb/s and uses ATM (Asynchronous Transfer 
Mode) protocol, standard is ITU-T G.983. Later, APON has been 
renamed as BPON (Broadband PON), since it is misunderstood 
that APON provides only ATM services. The first BPON standard 
was published in 1998. GPON provides the transmission at 1.2 
or 2.4 Gb/s and standard is ITU-T G.984. GPON was published 
in 2003. The Ethernet Passive Optical Network (EPON) system, 
which was standardized in 2004 as IEEE 802.3ah (1.25 Gb/s 
bidirectional transmission of Ethernet signals), has come to the 
widely known in Japan as the Gigabit Ethernet Passive Optical 
Network (GEPON). GEPON is a perfect combination of Ethernet 
technology and passive optical network technology. The GEPON 
system has been playing a leading role in the rapid expansion 

of FTTH and has been instrumental in increasing the number 
of FTTH users to about 14 million over these last five years [1, 
3]. PON deployment is limited to split ratios of less than 64 
and network reach of the order of 20 km as stipulated by the 
most-popular PON standards such as Gigabit Ethernet PON 
(GEPON) and Gigabit PON (GPON). However, higher split ratios 
can increase the benefits of a PON by lowering cost through 
sharing optical line terminal (OLT) among a larger number of 
users through fiber and more efficiently utilizing the head-end 
rack space for higher density OLT, and simplifying the fiber 
management at the head end. Furthermore, the high-split-ratio 
PON, which accommodates more users within each PON, makes 
the network become more flexible and be able to address the 
market that consists of various bandwidth-intensive services. 
Increasing the reach of the network will lead to a reduction in 
the number of Central office (CO) premises located close to 
the customers and allow the network operators to consolidate 
multiple COs in more conveniently located facilities for easier 
management. Despite these benefits of increasing the distance 
and split size of the PON, the optical power budget remains 
a major challenge. These studies investigated the use of the 
forward error correction (FEC) technique and an optical amplifier 
for achieving higher split ratios and longer reach [4, 5].

II. GEPON Architecture
The Architecture of GEPON is as shown in the Fig.1 below: 

DS – Down stream
US – Upstream
OLT – Optical Line Terminal
ONU – Optical Network Unit
UNI – User Network interface
Fig.1 : GEPON Architecture

In GEPON model the basic building blocks are the optical line 
terminal (OLT), passive optical splitter and optical network 
terminal (ONT). A GEPON system is basically a point-to-multipoint 
(1: N) optical access network with no active elements in the signal 
path. This network provides two-way operation (Fig.1), in which 
traffic from an optical line terminal (OLT) is sent to/from multiple 
optical network units (ONUs). Namely, OLT-ONU traffic is called 
“downstream” (point-to-multipoint) and meanwhile, reverses 
ONU-OLT direction traffic is called “upstream” (multipoint-to-
point) [6]. The latter requires contention resolution (arbitration) 
mechanisms to avoid upstream transmission collision between 
ONU senders. The OLT typically resides in a central office (CO) 
location and connects the optical access network to the metro 
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(backbone) network. Meanwhile, the ONU is usually located 
at or near end-user locations and must support a wide array 
of services— broadband video, voice, data, etc. The network 
within the splitter and number of ONTs is known as distribution 
network and the network within the OLT and splitter is known 
as feeder network. The OLT is connected with up to 32 ONTs by 
optical fiber and a passive optical splitter. The ONT is used to 
serve as an interface between optical and electrical medium. 
The different types of networks and OLT form the central office 
(CO). On the subscriber end, the optical fiber is terminated 
with a node commonly referred to as optical network terminal 
(ONT). On the CO end, the feeder network is terminated with 
optical line terminal (OLT). Optical line terminal is a node which 
is used to send and receive the different services to and from 
the optical network terminals (ONTs). In particular, various ONU 
deployment possibilities exist, as per different architectures 
such as fiber-to-the-curb (FTTC), fiber-to-the-building (FTTB), 
and fiber-to-the-home (FTTH). Overall, the operational costs of 
these setups are minimal since no active elements are placed 
in the outside fiber plant, e.g., no maintenance is needed in the 
field. Moreover, by sharing the network equipment among the 
maximum number of customers, operators can amortize the 
cost of installation and operation in a much more economical 
manner [7, 8].

III. Dispersion
One of the major limitations of fiber communication system is 
the pulse broadening introduced by dispersion. Dispersion is the 
mechanism within the fiber that causes the broadening of light 
waves as they travel along the channel. Dispersion is present 
in both single mode and multimode fibers. Dispersion is the 
mechanism in the fiber that degrades the performance of the 
system. Dispersion can be classified in to three types: material 
dispersion or chromatic dispersion, waveguide dispersion, and 
intermodal dispersion. The material dispersion arises due to 
the variation of refractive index with wavelength or frequency 
of light i.e., it is a wavelength – based effect. Light waves of 
different wavelengths travel at different speeds in a medium. 
For wavelengths less than 1300 nm, the long wavelengths 
travel faster than shorter wavelengths. So narrow pulses of light 
tend to broaden as they travel down the optical fiber. This is 
known as material dispersion. The waveguide dispersion arises 
from the guiding properties of the fiber. The effective refractive 
index for any mode varies with wavelength. This causes pulse 
spreading similar to variation in refractive index. This is known 
as waveguide dispersion. The waveguide dispersion present in 
both single and multimode fibers. Intermodal dispersion occurs 
in multimode fiber. Because light wave propagates through a 
fiber in different modes. Each of the mode in a multimode fiber 
travels at a slightly different velocity. So, there is a difference in 
propagation times for the different modes. This result the pulse 
to spread in time as it travels along the fiber. This is known as 
Intermodal dispersion [9].

IV. Results Analysis
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Fig. 2: Transmitted video signal wavelength spectrum

Fig. 2 shows the wavelength spectrum of video signal. Video 
signal is transmitted at the wavelength of 1550nm. The power 
of video signal is about -9.4513 dBm before the transmission.
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Fig. 3: Transmitted voice/data signal wavelength spectrum

Fig.3 shows the wavelength spectrum of voice/data signal. 
Voice/data signals are transmitted at the wavelength of 
1490nm. The power of voice/data signal is about 0.0849 dBm 
before the transmission. 
At 20 Km fiber length
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Fig. 4: Received video signal wavelength spectrum                                                      

The wavelength spectrum of received video signal is as shown 
in the Fig.4. It is found that the power of video signal is about 
-25.77 dBm at the receiver side. Here the power of video signal 
is reduced when the fiber length is of 20 Km.
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Fig. 5 : Received voice/data signal wavelength spectrum

The wavelength spectrum of received voice/data signal shows 
that at the receiver side the power of voice/data signal is about 
-32.65 dBm which is less compare to the power of transmitted 
voice/data  signal.
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Fig. 6 : BER v/s fiber length (m) without FEC

This simulation result shows the BER with variation in fiber 
length without FEC technique. As the fiber length incrases then 
the corresponding BER increases. Thus BER will be different 
at different bitrates such as 1.25 and 2.50 Gb/s. The BER will 
be more at 2.50 Gb/s.
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Fig. 7: BER v/s fiber length (m) with FEC

By using the FEC technique the performance of system can be 
improved as shown in the Fig.7. BER can be reduced by using 
this technique. Thus using this technique fiber length can be 
increased up to 20 Km and data rate can be increased up to 
2.5 Gb/s.  
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Fig. 8: Quality factor v/s fiber length (m) without FEC

This simulation result shows that when the length of fiber will 
increase then the corresponding quality factor  will decrease. 
Without using the FEC technique, the quality factor will become 
very less for the signal having bit rate of 2.50 Gb/s.

Q2 FEC

Fiber Length(m)
6000 8000 10000 12000 14000 16000 18000 20000

Q
2  F

EC
 (d

B)

18

20

22

24

26

28

Legend:

Bitrate = 1.25Gbps

Bitrate = 2.50Gbps

Fig. 9 : Quality factor v/s fiber length (m) with FEC

The simulation result with FEC technique is as shown in the 
Fig.9. It is observed that by using FEC technique the quality 
factor can be increased for the signal having bit rate of 2.50 
Gb/s.    
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Fig. 10 : Dispersion v/s distance (m)

This simulation result shows that dispersion within the fiber will 
increase when transmission distance will increase. For video 
signal dispersion will be more compare to the voice/data signal.
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Fig. 11 : Eye diagram

Eye diagram from the Fig.11 shows the width and height of the 
eye opening. Thus the width and height of the eye opening is 
large which means that reception of the signal is very much 
clear. The width of eye opening defines the time interval over 
which received signal can be sampled without interference and 
distortion. The height of eye opening shows the noise margin 
of the signal.
At 30 Km fiber length
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Fig. 12: Received video signal wavelength spectrum

Fig.12 shows the wavelength spectrum of received video signal. 
The power of video signal is about -26.02 dBm at the receiver 
side. Thus the power of video signal will reduce when the fiber 
length will span up to 30 Km.
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Fig. 13: Received voice/data signal wavelength spectrum

By observing the wavelength spectrum of received voice/data 
signal it is analyzed that at the receiver side the power of voice/
data signal is about -33.15 dBm which is less compare to the 
transmitted voice/data signal. The signal strength or power of 
the signal will reduce when loss will occure in the fiber.
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Fig. 14: BER v/s fiber length (m) without FEC

This graph shows the simulation result without FEC technique. 
As the fiber length incrases then the corresponding BER 
increases. Thus BER will be different at different bitrates such 
as 1.25 and 2.50 Gb/s. The BER will be more at 2.50 Gb/s. 
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Fig. 15: BER v/s fiber length (m) with FEC

Fig.15 shows that by using the FEC technique the performance 
of system can be improved. BER can be reduced by using 
this technique. Thus using this technique fiber length can be 
increased up to 30 Km and data rate can be increased up to 
2.5 Gb/s.  
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Fig. 16 : Quality factor v/s fiber length (m) without FEC

This simulation result shows that when the length of fiber will 
increase then the corresponding quality factor  will decrease. 
Without using the FEC technique the quality factor will become 
very less for the signal having bit rate of 2.50 Gb/s when the 
fiber length will span up to 30 Km.
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Fig. 17 : Quality factor v/s fiber length (m) with FEC By using  

FEC technique the quality factor can be increased for the signal 
having bit rate of 2.50 Gb/s even when the fiber length spans 
up to 30 Km. Thus by using the FEC technique the performance 
of the system can be increased by taking parameters such as 
BER, quality factor into account. 
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Fig. 18 : Dispersion v/s distance (m)

This graph shows that dispersion within the fiber will increase 
when transmission distance will increase. For video signal 
dispersion will be more compare to the voice/data signal.
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Fig. 19 : Eye diagram

Fig.19 shows that the width and height of the eye opening is 
reduced and the data signal is very much distorted. The height 
is reduced as a result of amplitude distortion in data signal.

Table 1: BER and quality factor without FEC

Fiber
Length

                       Without FEC
            1.25Gbps              2.5Gbps

   BER Q.F.
(dB)

  BER Q.F.
(dB)

20Km 1.86e-16 18.22 5.21e-5 11.80

30Km 8.54e-8 14.31 0.0005 10.27
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Table 2: BER and quality factor with FEC

Fiber
Length

                               With FEC

            1.25Gbps                2.5Gbps

BER Q.F.(dB) BER Q.F.
(dB)

20Km 2.69e-
100

27.32 2.05e-17 18.50

30Km 4.20e-
42

22.53 5.217e-9 15.15

Table 3: Dispersion with fiber length
Fiber Length Dispersion[ps/nm]

Data/Voice Video

20Km 255.25 326.31

30Km 384.34 490.93

V. Conclusion
By observing the tables and analyzing the eye diagrams it is 
found that at the fiber length of 20Km the system performs 
better by taking parameters like BER, quality factor, dispersion 
and Optical Power into accounts. It is also found that system 
does not perform well at the fiber length of 30 Km. Thus by using 
the FEC (Forward Error Correction) technique, the transmission 
distance and data rate can be increased. The system can 
perform well even at the distance of 30Km and can increase 
the data rate of 2.50 Gbps.
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