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Abstract : GPON stands for Gigabit-capable Passive Optical Networks and is used in fiber optic
communication channels for establishing an effective communication between source and destination. Digital
GPON communication uses various encoding schemes for successful communication but the issue was that most
of research work had been conducted by using NRZ encoding scheme which is quite effective encoding schemes.
Hence the proposed work implements the FBG, Ideal FBG and Uniform FBG system as the objective of this
study is to analyze the performance of NRZ encoding scheme on three different type of FBG systems. . The
simulation is done by using optisystem platform and the results are evaluated in the form of Q factor and BER.
The result section of this study shows the efficiency of the proposed work.
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. Introduction

Optical fiber based functional technologies like fiber-to-the home, fiber-to-the-building, etc. Have the
recognized benefits of low loss, high bandwidth, and long reach and is presently being deploying globally [1]. In
point-to-point and point-to-multipoint time-multiplexed passive optical network (PON) architectures [2], Fiber-
to-the-home networks are being installed. As shown in fig.1 [3] general passive optical network (PON) which
delivers the three-layered services to the customers such as residence, university campus and user grounds from
the central office (CO). The central office with the upper limit of 1550 nm and the lower limit of 1300 nm is
experienced at the receiver end [4]. The two foremost standards for the PONs have emerged the Ethernet PON
(EPON) [6] and the gigabits PON (GPON) [7].

A GPON system is a bi-directional point-to multipoint network design disposing optical access lines
among a carrier’s central office and customer sites [9]. Gigabit Passive Optical Network (GPON) is explained
by ITU-T recommendation series G.984.1 using G.984.4. G.984 standard series describe common features of
GPON (G.984.1) as well as physical layer specification (G.984.2) transmission layer specification (G.984.3) and
Optical Network Unit management and control specification (G.984.4). GPON can transfer not only Ethernet,
but ATM and TDM traffic by using GPON encapsulating method (GEM) [10]. GPON is considered as the
strongest for the extensive deployments.
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Fig 1 General PON network [3]

1.1 GPON
Only Optical Line Termination and Optical Network Unit are contained in Active transmission equipment in
GPON network. Figure 2 shows logical network architecture with various FTTx options.
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Fig 2 FTTx network Architecture

1.1.1 Gpon Features

e Operating wavelength
The operating wavelength range for downstream direction is 1480-1500 and for upstream direction is 1260-
1360. In addition, for downstream RF video distribution the wavelength range 1550-1560 nm can be used.
The wavelength of downstream direction and upstream directions cannot be same.

e Forward error correction
Forward Error Correction is an arithmetical signal-processing method that encrypts data so that errors can
be identified and rectified. With FEC, unnecessary information is published along with the unique
information. The amount of duplicate information is less so FEC doesn’t bring in a lot of overhead.

e Transmission containers
Transmission containers (T-CONT) are used to manage the upstream bandwidth allotment in the GPON. T-
CONTSs are mainly used to surpass the upstream bandwidth use on the GPON. T-CONTSs enable
Quality of Service (QoS) completion in upstream direction. There are five types of T-CONT. T-CONT 1
ensures fixed bandwidth allocation for time-sensitive applications (VolP). T-CONT 2 ensures fixed
bandwidth allocation for non time-sensitive applications. T-CONT 3 is mix of minimum ensured bandwidth
plus additional nonguaranteed. T-CONT 4 is dynamically allocated without any ensured bandwidth. T-
CONT 5 is mix of all service categories.

¢ Dynamic bandwidth allocation
Dynamic bandwidth allocation (DBA) is a technique that permits quick adoption of user’s bandwidth
allotment based on current traffic necessities. DBA is managed by OLT, which allocates bandwidth volume
to ONUSs. This technique is applicable only in upstream direction

1.1.2 GPON transmission

GPON uses GPON Encapsulation Method as a method which enclosed data over GPON. Even though any type
of data can be enclosed, actual types dependent on service situation. GEM offers connection-oriented
communication.

Il. Problem Formulation

With the advent in the technology the means of communication also get changed or enhanced. The
Optical fiber is one of the examples from the list. Optical fiber is considered as the most advance mean of
communication over the network. But as the technology gets advance the requirements of the users also go
higher. After having a review to the related work that has been done in this field, it is derived that lot of the
work had been done in this field to make the proficient performance of the system. But still there are some
backlogs. As the traditional system uses the NRZ encoding mechanism which does not consider the first data bit
to be a polarity change. Another issue was related to the used grating techniques as reviewed that most of the
traditional works implements or focus the FBG grating technique whereas the other techniques can also be
implemented. Hence there is a need to develop such a system or mechanism which eliminates the issues that
occur due to the FBG or NRZ coding.

I11. Proposed Work
After having a review to the research questions that arises after studying the traditional work that was
purposely conducted in the field of fiber optics, it is decided to develop such a system which can accomplish the
single point to multiple point communication without any problem. Hence the proposed work will implement
the NRZ encoding because it is quite effective and reliable encoding scheme used in many research works. And
NRZ encoding scheme is analyzed with Simple FBG system, Ideal FBG system and Uniform FBG system.
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V. Results
The proposed GPON model is created by using opti system. The proposed work develops an NRZ
encoding based fiber optic system which is capable to perform single point to multiple point communication.
The following figures 3,4, and 5 represents the simulation model corresponding to Ideal FBG, Uniform FBG
and FBG. The simulation models comprises of Pseudo random BNRZ pulse generator, Bit Error Rate analyzer,
Wave laser source, Bessel optical filter and 3R regenerator etc.
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The following eye diagram represents the maximum quality factor, minimum BER, eye height,
threshold for iteration 1, 2 and 3 of FBG techniques respectively. From Eye diagrams corresponding to all
iterations of FBG, ldeal FBG and Uniform FBG, tablel, 2 and 3 has been derived which shows the values of
quality factor and BER corresponding to all three techniques. The figure below represents the BER of the
simulink model when input power level is set to 5 dBm. The graph below shows the eye diagram along with
BER, Quality factor and Threshold value. The value of Q Factor is 4.0399, BER is 2.96878e-005 and threshold

value is 0.0002030.
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In eye diagram of figure 7 the observed Q factor is 8. 70 and BER is 1.14¢
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Fig7 Eye Diagram of FBG for Iteration 2
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The BER of eye diagram in figure 8 is 8.56& %% and Q factor is 8.73.
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Fig8 Eye Diagram of FBG for Iteration 3

On the basis of above three eye diagrams it is concluded that the BER of the model increases with the increase
in input power and correspondingly it leads to the reduction in Q Factor of the simulink model.

Tablel Performance evaluation of FBG

S. No. Iterations Q. Factor BER
1. Iteration 1 8.7 g9 05z~ 015
2. Iteration 2 8.05 3,147 —016
3. Iteration 3 7.49 7 Hhe— 014

TABLE 1 depicts the performance of FBG with respect to obtained quality factor and BER during all three
iterations. The highest Q factor is observed in first iteration which is 8.7 and minimum BER is in case of
iteration 3.

Table2 Performance evaluation of Uniform FBG

S. No. Iterations Q. Factor BER
1. 8.708 1. 14‘3—!}18
Iteration 1
2. 8.170 lllge—ma
Iteration 2
3. 7.48 Elgﬂe—ﬂiﬁ
Iteration 3

TABLE 2 shows the quality factor and BER of uniform FBG. The observed Q factor is 8.708 and BER is 1.114.

Table3 Performance evaluation of Ideal FBG

S. No. Iterations Q. Factor BER
1. Iteration 1 4.039 E.EIEE_C'C'E
2. Iteration 2 0 1
3. Iteration 3 0 1

TABLE 3 shows the values of performance parameters in case of ldeal FBG. And the value of Q factor is
evaluated 4.039 and for BER, it is 1.
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V. Conclusion And Futurescope
This work presents an explanation of fiber optical communication system. The Optical fiber

communication system attracts lot of users due its various characteristics such as wider bandwidth, flexibility
etc. This work gives a proposal for multiuser communication by utilizing NRZ encoding schemes and Fiber
Brag Grating system. The simulation is done on three various FBG systems as Simple FBG, Uniform FBG and
Ideal FBG. Further research can enhance by applying the present work using wavelength division multiplexing

system.
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