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Abstract

This research aims to optimize internet connectivity in Mandala Jaya Village through the application of Fiber To The Home (FTTH)
technology based on Optical Line Terminal (OLT). This village previously relied on conventional cable network infrastructure which was
prone to weather and physical disturbances, thereby reducing the quality of internet services. With research methods based on problem
identification, architectural design, implementation, measurement and analysis of results, this research succeeded in evaluating network
performance using an Optical Power Meter (OPM) and other testing tools. The results show that the OLT-based FTTH network provides
higher speeds, better connection stability, and operational cost efficiency compared to conventional media converters. The optimal
attenuation value is measured in the range of -19 dBm to -24 dBm, which is in accordance with international standards. These findings
support switching to network infrastructure in similar villages as a more reliable connectivity solution.
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1. Introduction

In Mandala Jaya Village, the internet has become an indispensable necessity for the community, particularly in accessing information,
education, and economic activities. However, the existing internet infrastructure, which still relies on conventional cable technology such
as copper cables and Local Area Networks (LAN), faces numerous significant challenges. One of the primary issues is the frequent network
disruptions, especially during extreme weather conditions. Lightning strikes and physical damage to cables often lead to connectivity
interruptions, significantly hampering the daily activities of the residents.

To address this pressing issue, | propose the implementation of Fiber To The Home (FTTH) technology based on Optical Line Terminal
(OLT) as an innovative solution. FTTH technology offers superior reliability and resilience against environmental disturbances while
providing high-speed internet connectivity with enhanced stability.

The internet infrastructure in Mandala Jaya Village remains limited, relying on conventional cable technology such as copper cables and
LAN, which are highly susceptible to physical damage and adverse weather conditions. A major challenge encountered is the restricted
internet speed. The use of copper cables results in inadequate connectivity for modern necessities such as video streaming, online
conferences, and cloud-based services. Moreover, the dependence on copper cables incurs substantial maintenance costs, as these cables
frequently require repairs, particularly after damage caused by severe weather or material degradation. This problem is also a primary cause
of recurring connectivity disruptions, further exacerbating the deterioration of the existing internet infrastructure.

According to [1], maintaining an FTTH network based on OLT requires a well-structured approach to ensure optimal performance and
stable internet connectivity. Routine maintenance of fiber optic cables, along with systematic inspections of OLT (Optical Line Terminal),
is essential to ensure that the equipment remains in optimal condition. Additionally, periodic evaluations of ONT (Optical Network
Terminal) must be conducted to maintain stable connectivity, accompanied by scheduled resets and device restarts, as well as planned
maintenance activities. Efficient network fault management is also a top priority, necessitating swift response procedures to promptly
address issues and provide responsive customer service.

According to [2], the Fiber Optic Calculator application plays a crucial role in predicting the appropriate splitter ratio and passive splitter
values within the network, with the aim of minimizing attenuation and sustaining connection performance. This study compares simulation
results obtained from the application with field measurements conducted using an Optical Power Meter (OPM) to assess the effectiveness
of the network design and ensure optimal performance.

According to [3], fulfilling the demand for high-speed, secure, and reliable internet access is of paramount importance. GPON (Gigabit
Passive Optical Network) has been selected as the preferred technology due to its capability to deliver significantly faster connections
while efficiently accommodating a larger number of users compared to conventional copper cables.
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Mandala Jaya Village consists of five hamlets, each separated by a considerable distance, posing significant challenges for network
infrastructure. The risk of frequent damage increases if media converters are utilized beyond their optimal lifespan. The hamlets within
Mandala Jaya Village include Babakan, Situ, Cihieum, Legok, and Pereng. Among these, Babakan, Situ, and Cihieum have successfully
implemented FTTH-based OLT technology. Conversely, Legok and Pereng still rely on media converters, which remain susceptible to
performance limitations and maintenance issues.

2. Literature Review

The study conducted at this stage comprises several key aspects, each of which is closely related to the research being undertaken. The
following are the steps implemented in this research.

2.1. FTTH Based on GPON

In this medium, the internet network operates more optimally compared to using media converters. While GPON and OLT are closely
related, their distinction lies in their functionality—GPON is a network communication technology, whereas OLT is a fiber optic network
device that forms part of the GPON system. This technology is highly efficient due to its cost-effectiveness and ease of maintenance [4],
[5], [31, [6], [7]. [8]- This research is supported by various sources, enabling comprehensive comparisons of network performance and
potential factors that may disrupt connectivity.

2.2. Information

This study focuses on the design and optimization of an FTTH (Fiber To The Home) network. The proposed design involves restructuring
the network topology in several hamlets that currently rely on media converters by transitioning to OLT-based infrastructure. This transition
reduces maintenance costs and minimizes the frequency of network failures. The use of network topology is crucial in determining the
precise locations for installation, ensuring an efficient layout of network components [8], [9], [10].

2.3. Previous Studies

Previous research [8], [9], [10] has primarily explored optimizing internet networks in terms of quality and bandwidth distribution. The
core focus of these studies includes analyzing user requirements, strategic placement of network devices such as OLT and ONU, as well
as planning network topology, cable distribution, and Optical Distribution Points (ODP). These studies have successfully demonstrated
that network optimization not only enhances performance but also significantly reduces installation and maintenance costs compared to

using media converters.

3. Research Method

This research methodology consists of six main stages: Problem Identification, Architectural Design, Architectural Implementation,
Measurement/Testing, Results Analysis, and Conclusion.The first stage, Problem Identification, aims to gather information and
understand the primary issues to be addressed. Information is collected through interviews with customers and direct observations at their
homes whenever network disruptions occur. Next, in the Architectural Design stage, the proposed solution is developed in the form of a
system model or architecture, encompassing technical elements and workflow. The selection of OLT system locations considers
geographical positioning—if a location is far from the server and susceptible to latency or packet loss, it is prioritized for installation.

The Architectural Implementation stage follows, where the design is transformed into a functional prototype or system through software,
hardware development, or a combination of both. Once implementation is completed, the Measurement/Testing phase is conducted to
evaluate system performance through trials. Testing is performed using an Optical Power Meter (OPM) to measure attenuation levels
post-installation. Additionally, speed tests and ping tests are conducted on the installed routers to assess network stability. The data obtained
from testing is then analyzed in the Results Analysis stage to assess the effectiveness of the proposed solution and identify areas that
require improvement. Finally, in the Conclusion stage, the researcher summarizes the findings and provides recommendations for future
development. This research methodology offers several advantages that enhance its effectiveness in addressing technology-based problems.
Its structured and systematic approach enables researchers to manage projects in an organized manner. Additionally, this method is highly
flexible, making it applicable to various fields of research, particularly those involving technology or systems. With this combination of
strengths, the methodology not only produces measurable solutions but also lays a strong foundation for further development in the future.

3.1. Data Source

The data for this research was obtained through direct observation and experiments conducted over a specific period. The experiment
involved replacing Media Converters with OLT (Optical Line Terminal). A Media Converter is a long-distance transmission device
used to convert signals from Fiber Optic cables to LAN (Local Area Network) cables over a specific distance, with a maximum transmission
range of 100 meters.
1. Equipment Used for Media Converter Installation:

Network cables (Ethernet), such as UTP (Unshielded Twisted Pair) cables with RJ45 connectors.
Fiber optic cables.
Power source for the Media Converter, such as an electrical adapter or POE (Power over Ethernet) if supported.
Additional tools, including a crimping tool, wire cutter, and passthrough connector.
teps for Media Converter Installation:
. Fiber Optic Cable Installation

Install the fiber optic cable with the appropriate connectors (e.g., SC or LC). Connect one end of the cable to the Fiber Optic
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port on the Media Converter and the other end to the receiving device. After installation, check the fiber optic cable to ensure
there is no power loss.

2. Ethernet Cable Installation
Connect one end of the Ethernet cable to the network device (such as a router, switch, or computer) and the other end to the
RJ45 port on the Media Converter.

3. Power Supply Installation
Plug the power adapter into the Media Converter, turn on the device, and check the power indicator. The LED indicator will
confirm that the device is active.

4. Network Configuration
Some Media Converters require manual configuration. Ensure the settings align with the network’s requirements.

5. Connectivity Testing
Conduct a connectivity test after installation to confirm that there is no power loss or latency. This can be done through a
simple ping test between connected devices.

This experiment was conducted in five hamlets within Desa Mandala Jaya: Dusun Babakan, Dusun Legok, Dusun Situ, Dusun
Cihieum, and Dusun Pereng. Among these, three hamlets—Dusun Babakan, Dusun Situ, and Dusun Cihieum—successfully
transitioned from Media Converters to FTTH-based OLT networks. Based on the experimental results, network connectivity in these
three hamlets significantly improved compared to Dusun Legok and Dusun Pereng, which still rely on Media Converters.

This research was conducted in collaboration with Mr. Dea Teddy Setiawan, the owner of a Wi-Fi network business in Desa Mandala
Jaya, who also served as an observational partner for field studies. The observations included direct interactions with customers to
understand their internet experience before and after the transition to the FTTH network.

3.2. Data Collection Techniques

Mandala Jaya Village consists of five hamlets: Dusun Babakan, Dusun Situ, Dusun Legok, Dusun Cihieum, and Dusun Pereng. These
hamlets are considerably distant from one another, requiring a large amount of cabling for network installation. This condition has led to
power loss due to unstable connections. Over the past year, 20 customers have experienced lightning strikes damaging their routers.
This situation has further demonstrated that LAN-based networks and Media Converters are inadequate for Mandala Jaya
Village.Currently, an FTTH (Fiber To The Home) system based on OLT (Optical Line Terminal) has been successfully implemented
in three hamlets: Dusun Babakan, Dusun Situ, and Dusun Cihieum, as illustrated in the following image.
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: Fig. 1 Data Collection Techn'iques

These three hamlets have a total of 105 customers, distributed as follows:
e  Dusun Babakan: 33 customers
e Dusun Cihieum: 38 customers

e Dusun Situ: 34 customers
The following section presents the geographical data of customers who have transitioned to FTTH-based OLT networks.
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Fig. 2: Data Collection Techniques

Media Converters are still in use in Dusun Legok and Dusun Pereng because the distance between customers in these areas is
relatively short, making it feasible to continue using LAN (Local Area Network) cables. Additionally, the number of customers in
these two hamlets is relatively low, with 35 customers in Dusun Legok and 20 customers in Dusun Pereng, totaling 55 customers.
For these reasons, transitioning to FTTH-based OLT networks has not been a priority. However, over time, both hamlets have been
experiencing frequent network issues, including:

e Latency

e  Packet loss

e  Power loss

e  Cable corrosion
These issues have led to unstable connectivity, highlighting the need for future network upgrades. The following section presents the
geographical data of Dusun Legok and Dusun Pereng.
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Fig. 3: Data Collection Techniques

4. Test Results and Discussion
4.1. Experimental Results and Discussion

The results of the study revealed significant instability in the network, particularly when using Media Converters. Many of these systems
experienced power loss and latency, which can be attributed to the limited range of 100 meters, making them inadequate for long-distance
connections. This limitation can lead to higher costs because additional devices like repeaters or switches are required. Moreover, the
performance limitations of Media Converters pose a challenge, as they can only provide certain speeds and are dependent on a constant
power supply. If a power outage occurs and there is no backup system such as a UPS, connectivity will be disrupted. Additionally, the use
of Media Converters increases the number of devices in the network, meaning there are more components to monitor and maintain.
This naturally increases operational costs and maintenance time. Media Converters are also vulnerable to physical and environmental
disturbances. Ethernet cables, when used with Media Converters, are more susceptible to electromagnetic interference compared to
fiber optic cables. Furthermore, copper cables are highly sensitive to physical damage and moisture. Due to these limitations, Media
Converters are not ideal for larger user networks. As a solution, an FTTH network based on OLT (Optical Line Terminal) was used,
which is more integrated, cost-efficient, easier to maintain, and less susceptible to physical disturbances. The research findings
indicate that the FTTH network based on OLT provides optimal signal attenuation in the range of -19 dBm to -24 dBm, as confirmed
by the measurements using an Optical Power Meter (OPM). This result aligns with findings in existing literature, such as [1], who state
that optimal attenuation for FTTH networks falls within this range. The connection stability, demonstrated by low latency, further
supports this, as seen in studies such as [3], which highlight that GPON (Gigabit Passive Optical Network) in FTTH systems is capable
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of supporting modern services, such as video streaming, with minimal latency. In contrast, when using Media Converters, the signal
attenuation recorded was higher (-30 dBm or more), indicating the inefficiency of the device. This inefficiency aligns with the findings
of [2], which emphasize the importance of network design to reduce attenuation. Therefore, transitioning to an FTTH-based OLT network
can be seen as a pragmatic step to ensure a stable and efficient connection

4.1.1. Media Converter Topology

This diagram illustrates the current Media Converter topology in Desa Mandala Jaya, particularly in Dusun Legok and Dusun
Pereng. The following is an overview of the system’s layout and setup:
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Fig. 4: Media Converter Topology -

4.1.2. Devices Used in Media Converter Installation

After designing the network, the following devices are essential for the Media Converter installation:
1. Switch/Router: Used to manage and control the distribution of the Ethernet network. It ensures the proper routing of data
between devices.
2. Fiber Optic Cable: Connects the Media Converter to the fiber optic receiver device, enabling the transmission of data
through light signals.
3. Ethernet Cable: Connects the Media Converter to network devices like routers, switches, or computers using electrical
signals to transfer data over the local area network (LAN).
4. Splitter (Optional): Used when a single fiber optic line needs to be divided and distributed to multiple devices or locations.
This is particularly useful for large networks requiring multiple connections.
5. Power Supply: Provides the necessary electricity for the Media Converter to function. This can include a standard power
adapter or Power over Ethernet (PoE) if supported by the device.
Once all the required devices are gathered, the next step is to proceed with the installation phase to implement the Media Converter
system.

4.1.3. OLT Based FTTH Media Topology

This diagram illustrates the FTTH (Fiber To The Home) topology based on OLT that is currently in operation in Desa Mandala Jaya,
specifically in Dusun Babakan, Dusun Situ, and Dusun Cihieum. Below is an overview of this system:

Fig. 5: OLT Based FTTH Media Topology
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4.1.4. Devices Used in FTTH System Based on OLT

After the planning phase, the following devices are required for the installation of the FTTH (Fiber To The Home) system based on OLT
(Optical Line Terminal):
Main Devices:
1. Optical Line Terminal (OLT)
o  Acts as the central distribution point for the fiber optic network from the provider to the customers.
o Manages data traffic and splits the signal to several customers using optical splitters.
2. Optical Network Unit (ONU) / Optical Network Terminal (ONT)
o Installed at the customer's location to receive the signal from the OLT via fiber optic cable.
o Converts the optical signal into digital signals, which can then be used by network devices such as routers or
computers.
Optical Splitter
o  Splits the optical signal from the OLT to multiple paths for different customers.
o  Common splitting ratios are 1:8, 1:16, and 1:32, depending on the number of customers being served.
4. Fiber Optic Cable
o  The main cable used to connect the OLT to the optical splitter, and from the splitter to the ONU/ONT.
5. Patch Cord
o  Ashort cable with connectors on both ends to connect devices such as OLT, splitter, and distribution panels.
6. Fiber Optic Connectors (SC, LC, FC, etc.)
o  Connectors used to link the fiber optic cables to devices such as the OLT, ONU, or splitter.
7. Optical Distribution Point (ODP)
o A termination point for the distribution cable where the main distribution cable ends.
o Facilitates signal separation to multiple customers using an optical splitter, typically in configurations like 1:8 or
1:16.
o  Serves as a connection hub, linking the main cable to the drop cables.
8. Optical Power Meter (OPM)
o Adevice used to measure the attenuation of the optical fiber cable after installation.
o  The ideal attenuation for an FTTH system with OLT should be between -19 dBm and -24 dBm.
o The OPM helps ensure that the fiber cable supports proper internet access. If the tool displays a loss, it indicates that
there is an issue with the fiber optic installation that needs to be addressed.
Supporting Devices:
1. Wi-Fi Router or Ethernet Switch
o  Used to distribute the internet connection from the ONU/ONT to customer devices such as computers, smartphones,
or other network devices.
2. Ethernet Cable
o  Connects the ONU/ONT to customer devices.
3. Wi-Fi Splitter (optional)
o  Extends the wireless network range within the customer's home or office.
With these devices, the FTTH system based on OLT provides reliable, high-speed, and stable internet connectivity to customers.

w

4.2. Discussion

The implementation of FTTH based on OLT in Mandala Jaya Village proves that this technology provides an effective solution to
overcome the limitations of the media converter network. These findings support previous literature and provide practical evidence that
FTTH can serve as a reliable network infrastructure in rural areas. Moreover, this study also highlights that careful planning and design
are key to the successful implementation of fiber optic-based networks. Below is the table and comparison results between media

converter and FTTH based on OLT.

4.2.1. Implementation of Media Converter

After the installation and configuration of the media converter, checks will be performed. In this checking phase, tests will be conducted

using speedtest, ping, and Mikrotik monitoring. Below are the images of the checks performed.
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Fig. 6: Implementation of Media Converter
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After installing and configuring the devices for the customers, the checking phase using speedtest and ping is essential to determine the
stability of the devices and assess whether they are suitable for use or not.
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Fig. 7: Implementation of Media Converter
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Monitoring on Mikrotik is carried out to ensure that the installation and configuration for the customers are active. Additionally,
monitoring is also useful for identifying customers who are experiencing network issues. If the graph on Mikrotik does not appear, it
indicates a network problem that prevents the device from accessing the internet. Below is the table for media converter clients.

Tabel 1: Implementation of Media Converter

Client Media Aspek

Converter Damping | Ping | Upload | Download [ Jitter
Legok Agus -26dBm 22ms 2.2 Mbps 6.2 Mbps 15
Legok Sumiati -24dBm 25 ms 3.1 Mbps 8.7 Mbps 12
Legok Afifah -27dBm 23 ms 2.9 Mbps 7.0 Mbps 18
Legok Mang ero -25dBm 25ms 3.5 Mbps 7.5 Mbps 16
Legok Bengkel -25dBm 20 ms 3.0 Mbps 9.2 Mbps 22
Pereng Lestari -30dBm 30ms 1.8 Mbps 5.8 Mbps 25
Pereng bohim -29dBm 27 ms 1.5 Mbps 5.5 Mbps 21
Pereng Imam -23dBm 19 ms 3.4 Mbps 9.0 Mbps 14
Pereng Uus -27dBm 24 ms 2.1 Mbps 7.5 Mbps 17
Pereng Wahidin -28dBm 23 ms 2.0 Mbps 6.2 Mbps 18
Pereng Heni -29dBm 24 ms 1.9 Mbps 6.0 Mbps 16

4.2.2. Implementation of FTTH Based on OLT

After the installation and configuration of the FTTH system based on OLT, checks will be performed using speedtest, ping, and Mikrotik
monitoring. The following is the image for the checks conducted.
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F-ig. 8: Implementation of FTTH Based on OLT

After installing and configuring the devices for the customers, the checking phase using speedtest and ping is essential to determine the
stability of the devices and assess whether they are suitable for use or not.
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Monitoring on Mikrotik is done to ensure that the installation and configuration for the customer are active. Additionally, monitoring
helps identify customers who may be experiencing issues with the network. If the graph on Mikrotik does not appear, it indicates a
problem with the network that prevents the device from accessing the internet. Below is the table for FTTH-based OLT clients.

Tabel 2: Implementation of FTTH Based on OLT

Implementation Aspek

of FTTH Based | Damping Ping Upload Download Jitter
on OLT

Bu Nani -21dBm 14 ms 4.2 Mbps 7.2 Mbps 8
Anah -22dBm 15 ms 5.1 Mbps 8.7 Mbps 6
Rani -21dBm 13 ms 3.9 Mbps 8.0 Mbps 8
Devi -20dBm 15ms 3.5 Mbps 8.5 Mbps 6
Ramdani -21dBm 18 ms 3.0 Mbps 9.2 Mbps 15
Teddy -19dBm 11ms 5.8 Mbps 9.8 Mbps 4
Rini -20dBm 19 ms 2.5 Mbps 9.5 Mbps 11
Bu Odah -22dBm 15ms 3.4 Mbps 7.0 Mbps 10
Alex -20dBm 16 ms 3.1 Mbps 8.5 Mbps 12
Pak Iman -21dBm 17 ms 4.0 Mbps 7.2 Mbps 11
The Neng -19dBm 15 ms 4.9 Mbps 9.0 Mbps 10

4.3. Results of Media Converter and OLT

In this section, the researcher will present the graphical results comparing the performance of media converter and FTTH-based
OLT. These results are key to evaluating the effectiveness and efficiency of each solution in terms of signal loss, latency, and overall
network stability. The following graphs display the performance metrics for both systems, allowing for a clear comparison of their
capabilities.

Comparison of Ping (ms) Comparison of Upload (Mbps)

Upload (Mbps)

Clients Qlents

Comparison of Download (Mbps) Comparison of Attenuation (d8m)

Dawnload (Mbps)
1t

Clients.

Fig. 10: Result of Media Converter and OLT

The graph above shows the comparison between media converter and FTTH-based OLT based on four aspects: Ping, Upload, Download,
and Attenuation ("Signal Loss"). Each graph illustrates that FTTH-based OLT performs more stably, with lower ping values, higher
upload and download speeds, and lower attenuation. These factors contribute to better network performance, making FTTH-based OLT a
more reliable solution compared to the media converter.

5. Conclusion

Based on the research results regarding the implementation of FTTH based on OLT in Desa Mandala Jaya, here are the main conclusions
that can be drawn:
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1. Internet Stability After Using FTTH
The implementation of FTTH based on OLT in Desa Mandala Jaya has proven to significantly improve internet connectivity
stability compared to the media converter technology. According to the test results, FTTH shows lower signal attenuation (-19
dBm to -24 dBm) and an increase in access speed up to 1 Ghps, far superior to the media converter, which has high attenuation
and limited speed of up to 100 Mbps. This indicates that FTTH provides stable and reliable connectivity quality.
Mechanism of Replacing Media Converter with OLT
The transition process from the media converter to FTTH based on OLT involves several stages, including network planning, device
installation (OLT, splitter, fiber optic cables), system configuration, and service quality testing using tools like the Optical Power Meter
(OPM). Each customer is also equipped with an ONT to convert optical signals into digital signals. This replacement simplifies network

management, enhances operational efficiency, and reduces physical and environmental disruptions.
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