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- About this book

India is currently the world's second-largest telecommunications market with a subscriber base of 1.20
billion and has registered strong growth in the last decade and a half. The industry has grown over
twenty times in just ten years. Telecommunication has supported the socioeconomic development of
India and has played a significant role in narrowing down the rural-urban digital divide to some extent.
The exponential growth witnessed by the telecom sector in the past decade has led to the development
of telecom equipment manufacturing and other supporting industries.
Over the years, the telecom industry has created millions of jobs in India. The sector contributes around
6.5% to the country's GDP and has given employment to more than four million jobs, of which
approximately 2.2 million direct and 1.8 million are indirect employees. The overall employment op-
opportunities in the telecom sector are expected to grow by 20% in the country, implying additional
jobs in the upcoming years.
This Participant handbook is designed to impart theoretical and practical skill training to students for
becoming Fiber to-the Home (FTTH/X) Installer in the Telecom Sector.

Fiber to-the Home (FTTH/X) Installer is the person who is responsible for maintaining the networks
functionality and efficiency
This Participant Handbook is based on Fiber to-the Home (FTTH/X) Installer Qualification Pack
(TEL/Q4200) and includes the following National Occupational Standards (NOSs):

1. TEL/N4143: Install Fiber-to-the-Home (FTTH/X) and Fiber-to-Anywhere (FTTx) Cables
TEL/N6400: Splice Optical Fiber
TEL/N4200: Installation of Passive FTTH/X components
TEL/N4201: In-building FTTH/X cabling
TEL/N4131: Work Safety Practices with Fiber Optics
TEL/N9111: Follow sustainability practices in telecom cabling operations

7. DGT/VSQ/N0101: Employability Skills (30 Hours)
The Key Learning Outcomes and the skills gained by the participant are defined in their respective units.
Post this training, the participant will be able to manage the counter, promote and sell the products and
respond to queries on products and services.
We hope this Participant Handbook will provide sound learning support to our young friends to build an
attractive career in the telecom industry.
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—Key Learning Outcomes | ¢

Pw

By the end of this module, the participants will be able to:
1.

Explain the significance of the telecom sector in modern communication and economic
development.

Elucidate the key skills and technical expertise required for a Fiber-to-the-Home (FTTH/X)
Installer.

Describe the challenges faced in the installation and maintenance of FTTH/X networks.

Determine the impact of fiber optic technology on internet speed and connectivity.

Discuss the role and responsibilities of a Fiber to-the Home (FTTH/X) Installer.
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UNIT 1.1: Telecom Sector in India

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Outline the growth of the Telecom Sector in India.
2. Describe the size and scope of the Telecom industry and its sub-sectors.

—1.1.1 Telecom Sector in India

India’s telecom sector has grown faster than the overall economy in recent years. As of 2025, the
country has over 1.2 billion subscribers, making it the second-largest telecom market in the world.
Broadband users have crossed 979 million, showing rapid digital adoption.

The sector continues to generate new jobs, especially in sales, supervisory, and managerial roles, driven
by 5G expansion, rising data usage, and rural market growth.

Key Segments
1. Network & IT Services — building infrastructure and connectivity.
2. Service Providers — offering mobile, internet, and digital services.
3. Retail & Distribution — ensuring product availability and customer engagement at the ground level.

The telecommunication sector is the backbone of India’s digital economy and has revolutionized human
communication by delivering high-speed voice and data services. With the rollout of 4G and 5G
networks, the industry continues to drive industrial, economic, and social growth. India is currently the
world’s second-largest telecommunications market, with over 1.2 billion subscribers as of mid-2025,
while broadband users have crossed 979 million, reflecting rapid digital adoption across both urban and
rural regions. The telecom sector not only connects people but also contributes significantly to India’s
GDP and is a major source of employment.

The industry has expanded rapidly, driven by privatization, liberalization, and globalization. With fierce
competition and rising customer expectations, telecom operators are investing heavily in improving
service quality, expanding broadband coverage, and ensuring customer satisfaction. Tele-density
reached 84.5% in 2025, while broadband subscriptions continue to surge. Infrastructure growth has
been equally significant, with mobile towers increasing to more than 720,000 by 2025 and Base
Transceiver Stations (BTS) crossing 2.5 million. The Department of Telecommunications (DoT) has set
ambitious goals for 100% village broadband connectivity, 70% fabrication of mobile towers, and 50 lakh
km of optic fiber rollout by 2024, strengthening India’s digital backbone.
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At the same time, the telecom sector is playing a transformative role in shaping future technologies.
The integration of 5G, cloud computing, artificial intelligence (Al), Internet of Things (loT), and big data
analytics is driving innovation across industries such as manufacturing, healthcare, logistics, and
education. However, this rapid digital transformation has also created a large skill demand. According
to the Telecom Sector Skill Council (TSSC), the industry faces a 28% demand-supply gap in skilled
professionals, particularly in areas like 5G deployment, mobile app development, Al/ML, and robotic
process automation.

To address this challenge, TSSC is actively training and developing a world-class workforce while
supporting the growth of telecom manufacturing, services, and distribution clusters. By bridging the
skill gap, India’s telecom sector is poised to further accelerate digital inclusion, create employment
opportunities, and contribute an estimated USD 450 billion to the economy between 2023 and 2040
through the adoption of 5G and emerging technologies.

—1.1.2 Various Sub-Sectors of the Telecom Industry

Telecommunication is a multi-dimensional industry. It is divided into the following subsectors

e Telecom Infrastructure - It is a physical medium through which all the data flows. This includes
telephone wires, cables, microwaves, satellites, and mobile technology such as fifth-generation
(5G) mobile networks.

e Telecom Equipment - It includes a wide range of communication technologies, from
transmission lines and communication satellites to radios and answering machines. Examples
of telecommunications equipment include switches, routers, voice-over-internet protocol
(VolP), and smartphones.

e Telecom Services — A service provided by a telecommunications provider or a specified set of
user- information transfer capabilities provided to a group of users by a telecommunications
system. It includes voice, data and other hosts of services.

e Wireless Communication - It involves transferring information without a physical connection
between two or more points.

e Broadband - It is wide bandwidth data transmission which transports multiple signals at a wide
range of frequencies and Internet traffic types, that enables messages to be sent
simultaneously and used in fast internet connections.
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Telecom Infrastructure

Sub-Sectors
of Telecom Equipment
Telecom Industry
Telecom Services
Wireless Communication
Broadband

Fig. 1.1.1: Telecom Sub-Sectors

The major segments within these sub-sectors include the following:

Wireless communications
Communications equipment
Processing systems and products
Long-distance carriers

Domestic telecom services

Foreign telecom services
Diversified communication services

—1.1.3 Major Service Players in Telecom Industry

Wireless Operators
Market Share in 2022 (Wireless Subscribers)
As of February 2022, with ~ 1,145 million (114.5 crore) wireless subscribers (including inactive):
e Jio: 35.4 % (= 402.7 million users)
e Airtel: 31.5 % (= 358.1 million)
¢ Vodafone-Idea (Vi): 23.2 % (= 263.6 million)
* BSNL: 10.0 % (= 113.8 million)
These figures sum to ~ 100 % across those four players in the wireless space in that period.
The below graph shows each of these telecom giants’ market share as of 2022.
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The below graph shows each of these telecom giants’ market

share as of 2025.
7.90%
17.80%
40.52%

33.70%

mBSNL =Vi = Airtel = Jio

Fig. 1.1.2: Market share of mobile telecom operators in India
Source: https://www.trai.gov.in/service-providers-view

As of May 2025, there are about 3.87 crores (38.7 million) wireline subscribers in India, according to
the Telecom Regulatory Authority of India (TRAI).
The below graph shows the market share of fixed-line telecom operators in India as of May 2025.

Sales
RCom
1%
0%

—_—

Tata Teleservice

Quadrant
1%

o Company = BSNL «lio = Airtel « MTNL = TataTeleservice w%i » Quadrant » RCom

Fig. 1.1.3: Market share of Fixed Line telecom operators in India
Source: https://www.trai.gov.in/service-providers-view
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to

Internet service providers (ISPs)
* An Internet Service Provider (ISP) is a company that provides individuals and organizations access

* theinternet and other related services. Below is the list of major ISPs in India (wired & wireless)

educational
institutions only)

Reliance Jio Airtel ACT Fibernet Hathway Vi
BSNL Intech :::‘I::: dprlvate Alliance Broadband APSFL Asianet Broadband
DEN Networks Kerala Vision Mu Internet RailTel Corp_o ration Sify
of India
Spectranet Tata Tata Play S Net GAILTEL
Communications
National Knowledge

Tulip Telecom ERNET Network (for PowerGrid CtrlS Datacenters

Ltd

Fig. 1.1.4: Major Internet Service Providers in India

are:

of TRAI.

TRAI - Telephone Regulatory Authority of India

Multiple regulatory authorities control the telecom sector in India. They

The Telecom Regulatory Authority of India, established in February 1997,
regulates telecom services in India. Its scope includes fixing/revising tariffs
for telecom services. The mission of TRAI is to create the environment
needed for the growth of telecommunication at a pace that will empower
India to play a major role in the emerging global information society.

One of the main objectives of TRAI is to provide a fair and transparent
policy that facilitates fair competition. In January 2000, the Telecom
Disputes Settlement and Appellate Tribunal (TDSAT) was set up to settle
any dispute between a licensor and a licensee, between two or more
service providers, between a service provider and a group of consumers,
and to hear and dispose of appeals against any direction, decision or order

—1.1.5 Regulatory Authorities in the Telecom Industry in India —
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TRAI Regulation on Call Centre
1. 121 - General information number - Chargeable Call
2. 198 - Consumer care number - Toll-Free Number
3. Service Request - a request made pertaining to the account for:
o Change in plan
o Activation/deactivation of VAS/ supplementary service/special pack
o Activation of service provided by the operator

o Shifting/disconnection of service/billing details

COAI - Cellular Operators Association of India

The COAI was set up in 1995 as a registered non-governmental and

non-profit society. COAI is the official voice for the cellular industry in 025203600
India, and it interacts on its behalf with the licensor, telecom industry
associations, man agreement spectrum agency and policy makers. The |
core members of COAI are private cellular operators such as Reliance e
Jio Infocom Limited, Idea Cellular Ltd., Bharti Airtel Ltd., Aircel Ltd., COAI
Videocon Telecom, Telenor (India) Communications Private Ltd., and

Vodafone India Ltd., operating across the whole country.

TDSAT - Telecom Disputes Settlement and Appellate Tribunal
It is a special body set up exclusively to judge any dispute
between the DoT and a licensee, between two or more service
providers, or between a service provider and a group of
consumers. An appeal against TDSAT shall be filed before the
Supreme Court of India within ninety days.

The Department of Telecommunications, abbreviated to DoT, is a
department of the Ministry of Communications of the executive

branch of the GOI. HId QE( SESIR

The DoT promotes standardization, research and development,
private investment and international cooperation in matters relating
to telecommunication services. It acts as a licensing body, formulates
and enforces policies, allocates and administers resources such as
spectrum and number, and coordinates matters in relation to INDIA TELECOM
telecommunication services in India.
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—1.1.6 Evolution of mobile networks, the transition from 4G to 5G —

Mobile networks have undergone a remarkable evolution, with each new generation bringing
significant improvements in speed, capacity, and functionality. This progression, from 1G to 5G, has
transformed mobile communication from simple voice calls to a cornerstone of modern life.

Evolution of Mobile Networks

e 1G (1980s): The first generation of mobile networks was analog, offering basic voice calls only. It
was an initial step in wireless communication, but had poor sound quality, low security, and
limited capacity.

e 2G (1990s): This generation introduced digital technology, a crucial leap forward. 2G networks
enabled more secure and efficient voice calls, and, most importantly, brought us text messaging
(SMS). Data speeds were very slow, but it laid the foundation for mobile data services.

e 3G (Early 2000s): 3G brought the mobile internet to the masses. With faster data speeds, it made
web browsing, email, and basic video calls on mobile devices a reality. This generation was a
catalyst for the rise of smartphones and the mobile application ecosystem.

e 4G (2010s): 4G, specifically 4G LTE, provided a massive jump in speed and capacity. It was
designed as an all-IP (Internet Protocol) network, meaning all services, including voice calls
(VOLTE), were based on data packets. This led to a more reliable and faster experience, enabling
high-definition video streaming, online gaming, and the proliferation of social media on mobile
devices.

Transition from 4G to 5G

The transition from 4G to 5G is a fundamental shift, not just an incremental speed boost. While 4G
improved mobile broadband, 5G is designed to be a universal connectivity platform that can support
everything from smartphones to smart cities. The key improvements are in three main areas:

¢ Speed (Enhanced Mobile Broadband): 5G is significantly faster than 4G. While 4G has a theoretical
peak download speed of 100 Mbps, 5G can reach up to 10 Gbps. This means you can download a
full-length movie in seconds, not minutes.

e Latency (Ultra-Reliable Low-Latency Communication): Latency is the delay between sending and
receiving data. 4G latency is around 50-100 milliseconds, whereas 5G is engineered for an ultra-
low latency of as little as 1 millisecond. This is critical for applications that require near-
instantaneous response, such as autonomous vehicles, remote surgery, and real-time virtual
reality.

e Capacity (Massive Machine-Type Communication): 5G networks can handle a vastly greater
number of connected devices simultaneously. 4G can support around 100,000 devices per square
kilometer, while 5G can handle up to 1 million devices per square kilometer. This immense
capacity is essential for the growth of the Internet of Things (loT), where everything from smart
appliances to industrial sensors will need a reliable connection.

5G also introduces new technologies like Massive MIMO (Multiple-Input, Multiple-Output) and
network slicing. Massive MIMO uses a large number of antennas to send and receive more data
streams simultaneously, boosting efficiency. Network slicing allows operators to create dedicated,
virtual networks on top of the physical 5G infrastructure, tailoring performance for specific use cases
like an enterprise's private network or a public safety communication system.
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UNIT 1.2: Roles and Responsibilities of Fiber to-the Home
(FTTH/X) Installer

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Elucidate the key skills and technical expertise required for a Fiber-to-the-Home (FTTH/X)
Installer.

2. Describe the challenges faced in the installation and maintenance of FTTH/X networks.
3. Determine the impact of fiber optic technology on internet speed and connectivity.

4. Discuss the role and responsibilities of a Fiber to-the Home (FTTH/X) Installer.

—1.2.1 Why FTTH Became Necessary: Earlier vs. New Technology —

Earlier broadband networks were primarily based on copper cables, using technologies such as:
e DSL (Digital Subscriber Line) over telephone copper lines
* Coaxial Cable Networks used by cable TV operators

While these technologies initially supported basic internet use, they had major limitations:

Key Skills and Technical Expertise Required for a Fiber-to-the-Home (FTTH/X) Installer

A Fiber-to-the-Home (FTTH/X) Installer is responsible for deploying, connecting, testing, and
maintaining fiber optic networks from the service provider’s distribution point up to the customer
premises. The role demands a blend of technical, safety, and customer service skills to ensure high-
quality broadband connectivity.

A. Understanding of Fiber Optic Fundamentals
The installer must understand the working principles of optical fibers and signal transmission.
Key Knowledge Areas:
* Structure of optical fiber (core, cladding, buffer).
» Difference between Single-Mode and Multi-Mode fibers.
* Fiber wavelengths (1310 nm, 1490 nm, 1550 nm).
* Causes of signal loss (bending, poor splicing, dirt, microbends).
B. FTTH Network Components and Architecture
Ability to identify and handle the major components involved in FTTH deployment
Key Components:
e OLT (Optical Line Terminal)
e ODN (Optical Distribution Network)
e Splitters (1:4 / 1:8 / 1:16 / 1:32)
¢ Fiber Distribution Box / FDMS
*  ONT/ONU at customer premises

— B/
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* Patch cords, pigtails, adapters, drop cables
Installer should trace and understand the path from OLT = Splitter - Drop Cable > ONT.
C. Cable Installation and Routing Skills
The installer must perform neat and safe routing of fiber cables.
Technical Skills:
* Laying aerial and underground fiber drop cables.
* Using conduits, clamps, and cable management accessories.
* Maintaining minimum bend radius to avoid signal loss.
* Proper slack management and labeling.
D. Fiber Splicing and Connectorization
Fusion splicing is a key FTTH field skill.
Required Proficiency:
* Using a fusion splicer and high-precision fiber cleaver.
* Core alignment, splice protection, and enclosure sealing.
*  Mechanical splicing (where needed).
* Termination using SC/APC and SC/UPC connectors.
* Ensuring clean fiber end faces (cleaning is critical for low-loss).
E. Testing and Troubleshooting Skills
After installation, fiber links must be tested for quality and performance.
Tools to Operate:
* OTDR (Optical Time Domain Reflectometer) — to detect faults and measure link loss.
* Optical Power Meter & Laser Source — to verify Tx/Rx power levels.
* VFL (Visual Fault Locator) — for continuity/routing checks.
Installer must be able to interpret dB loss values and locate issues such as breaks, bends, or poor splice
quality.
F. Customer Premises Equipment (CPE) Configuration
Ability to install and configure the ONT/ONU and related home networking devices.
Tasks Involved:
* Connecting ONT to power source and router.
* Wi-Fi setup (SSID, password, channel settings).
* Performing speed test and user connectivity demonstration.
* Guiding customer on safe use and basic troubleshooting.
G. Safety Skills and Worksite Discipline
FTTH installation often involves work at height, roadside trenches, and indoor wiring.
Safety Requirements:
* Use of PPE (helmet, gloves, safety shoes, reflective jacket).
* Proper ladder usage and pole climbing techniques.
» Safe handling of fiber (avoid skin and eye contact).
* Electrical wiring safety awareness.
H. Reporting and Documentation
Accurate documentation ensures network traceability and quality control
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Documentation Tasks:
e Recording splice loss and power test values.
e Updating customer ONT serial/ID in system.
e Labeling and tagging installed cables.
* Filling installation reports in digital or app-based systems.
I. Customer Interaction and Soft Skills
Since the installer interacts directly with end users, communication matters.
* Soft Skills:
* Clear explanation of service and device use.
* Polite behavior and customer handling.
* Ability to report unresolved issues to supervisor promptly.

* A well-trained FTTH installer combines fiber technology knowledge, splicing/testing expertise,
safe installation practices, and effective communication skills. These capabilities ensure a high-
quality broadband experience for customers and support the reliable growth of digital
connectivity infrastructure.

Earlier Technology Limitations

DSL/ ADSL / VDSL Limited bandwidth, signal loss over long distance,
affected by electrical interference

Coaxial Broadband Shared bandwidth among multiple users, speed
drops during peak usage

Wireless Broadband (Radio / Wi-Fi hotspots) Unstable connectivity, signal obstruction issues,
limited range

As online services evolved—such as HD/4K streaming, cloud data storage, online conferencing, remote
work, online education, and smart home devices—the demand for high-speed, stable, and scalable
internet exceeded the capability of copper-based networks.

To address this, telecom networks shifted to Fiber Optic Technology, where data is transmitted as light
signals through glass fiber. This led to FTTH (Fiber-to-the-Home) networks supported by PON (Passive
Optical Network) technologies like:

*  GPON (Gigabit Passive Optical Network)

e EPON

e XGS-PON (10 Gigabit Symmetric) — newer, ultra-high-speed networks
These fiber-based networks provide:

e Very high bandwidth capacity (up to gigabit and multi-gigabit speeds)

* Low latency and highly reliable connectivity

* Long-distance transmission with minimal signal loss

e Better scalability to support future applications (loT, Smart Homes, 5G backhaul)
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FTTH and Its Growth

Fiber-to-the-Home (FTTH) is a broadband architecture where optical fiber is extended directly to
customer premises. It overcomes the speed and reliability limitations of copper networks and supports
the rising demand for high-speed internet.

The FTTH rollout has grown rapidly in India due to increasing digital services, online entertainment,
cloud usage, remote education, and work-from-home culture. Government initiatives like Digital India,
BharatNet, and Smart City Mission, along with aggressive fiber expansion by service providers, have
made India one of the fastest growing FTTH markets globally.

Need for Trained Manpower

With large-scale FTTH deployment, the telecom sector requires skilled technicians who can correctly
install, splice, test, and maintain fiber optic connections. Lack of trained manpower often results in poor-
quality installation, network faults, service interruptions, and customer dissatisfaction.

Thus, structured training and certification of FTTH installers is essential to ensure:
* High-quality fiber network implementation
* Reduced maintenance and downtime
* Faster service delivery
* Better customer experience
* Reliable and sustainable digital infrastructure development

—1.2.2 Challenges faced in the installation and maintenance of —
FTTH/X networks

Installation and maintenance of FTTH/X networks involve a range of technical, environmental, and
operational challenges due to the delicate nature of fiber and the complexity of last-mile connectivity.
Some major challenges include:

1. Physical Infrastructure Constraints

FTTH requires a continuous route from the network distribution point to the customer premises.
* In many areas, poles, ducts, and building conduits are congested or damaged.
e Underground cable laying may be difficult due to road conditions and utilities.

* Permissions from building owners, communities, and local authorities can slow deployment.

2. Fragility of Fiber Optic Cables
Fiber optic cables are more sensitive than copper cables.
* Excessive bending, stretching, or twisting can cause signal loss.
* Dust, dirt, or poor connector cleanliness affects performance.
e Mishandling during installation leads to microbends or breakage, requiring rework.
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3. Requirement of Skilled Manpower

FTTH installation and maintenance demand specific technical skills.
* Shortage of trained technicians in splicing, termination, and OTDR testing.
* Inconsistent workmanship results in high fault rates and customer complaints.
e Continuous field training is required as PON technologies evolve.

4. Troubleshooting and Fault Identification
Fault isolation in fiber networks is technically complex.
* Breaks may occur due to construction work, rodents, or environmental impact.

* Troubleshooting requires tools such as OTDR, Power Meter, and VFL and the ability to interpret
results.

* Incorrect fault diagnosis can increase downtime and repeat visits.

5. Customer Premises Related Challenges
Each customer environment is unique.
* Indoor routing must be done carefully to avoid wall damage or visible cabling.
e Customers may demand tidy and concealed installation, increasing time and effort.

* Power backup issues (no UPS for ONT/Router) may create the impression of network failure.

6. Environmental and Field Conditions
Outdoor infrastructure is exposed to harsh conditions.
* Heat, rain, wind, and dust affect outdoor splitters and junction boxes.
* Rodent damage is a common cause of fiber cuts in underground routes.

* Rural/remote regions may lack easy access to repair resources and spare parts.

7. Documentation and Network Mapping Issues
Proper documentation is crucial for future maintenance.
* Inaccurate or missing fiber route maps and labeling lead to confusion.
* Poor record-keeping complicates troubleshooting and expansions.
* Lack of standardization between contractors creates variation in quality.

FTTH/X networks require careful planning, skilled manpower, precise installation techniques, reliable
testing practices, and proper documentation. Addressing these challenges ensures higher network
reliability, reduced downtime, better service quality, and satisfied customers.
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connectivity

Aspect

Bandwidth Capacity

Impact of Fiber Optic Technology on Internet Speed and Connectivity

Fiber Optic Technology Advantage

Supports very high bandwidth (up
to 1 Gbps and beyond)

—1.2.3 Impact of fiber optic technology on internet speed and —;

Fiber optic technology has significantly transformed internet access by enabling high-speed, stable, and
reliable data transmission over long distances. Unlike copper or wireless networks, fiber optics use light
signals passing through thin glass fibers, which allows for faster and more efficient communication.

Impact on Internet Speed &
Connectivity

Faster downloads/uploads and
ability to handle heavy data usage
smoothly

Signal Transmission

Data transmitted using light signals
with minimal loss

Stable connectivity even over long
distances

Interference Resistance

Not affected by electromagnetic or
weather interference

Consistent network performance
with fewer disruptions

Upload Speeds

Supports symmetrical speeds
(equal upload & download)

Smooth video calls, cloud backup,
file sharing, online teaching

Latency (Delay)

Very low latency and quick signal
travel time

Improved real-time performance
for gaming, VolP, remote work

Reliability Strong resistance to physical noise, | Reduced downtime and improved
corrosion, and cross-talk user satisfaction

Scalability Can be upgraded to higher speeds | Future-ready network that
(e.g., GPON = XGS-PON) without supports loT, Smart Homes, and 5G
changing fiber cables backhaul

Network Sharing Provides dedicated or minimally Speed does not drop during peak

shared connectivity

usage hours

quality standards.

—1.2.4 Role and responsibilities of a Fiber to-the Home
(FTTH/X) Installer

A Fiber-to-the-Home (FTTH/X) Installer is responsible for installing, configuring, testing, and maintaining
fiber optic connectivity from the service provider’s network to the customer’s home or premises. The
role ensures that high-speed internet services are delivered with proper performance, safety, and
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1. Site Survey and Preparation
* Conducts pre-installation site survey to determine the best route for fiber cable.
* Assesses building layout, conduit availability, and customer location.
* |dentifies suitable mounting points for ONT, junction boxes, and drop cable routing.
2. Fiber Cable Installation and Routing
* Installs aerial, underground, or indoor drop cables from distribution point to customer premises.
* Uses conduits, cable clips, clamps, and trays to ensure neat and safe cable routing.
* Maintains minimum bend radius and prevents stress on fiber cables to avoid signal loss.
3. Splicing and Termination
* Performs fusion splicing of fiber with pigtails at junction boxes and termination points.
* Prepares fiber using strippers, cleavers, and cleaning tools.
* Installs and tests connectors (e.g., SC/APC, SC/UPC).
* Ensures proper enclosure sealing and protection to prevent dust and moisture entry.
4. Equipment Installation and Configuration
* Installs and activates ONT/ONU and Wi-Fi router at customer premises.
* Configures network settings such as SSID, Wi-Fi password, LAN setup, etc.
* Connects customer devices (mobile, laptop, Smart TV) and verifies connectivity.
5. Testing and Quality Checks
* Tests fiber link performance using:
o OTDR (Optical Time Domain Reflectometer)
o Optical Power Meter and Laser Source
o VFL (Visual Fault Locator)
* Measures and documents signal loss (dB) to ensure network is within acceptable limits.
* Troubleshoots issues like high loss, incorrect splicing, or damaged cables.
6. Customer Training and Support
* Demonstrates proper use of ONT/router to the customer.
* Explains basic troubleshooting steps (e.g., restarting router, checking power).
* Provides customer service with polite, clear communication.
7. Documentation and Reporting
* Records installation details such as:
o Customer ID and ONT Serial Number
o Splice and power test readings
o Fiber route and splitter port used
* Updates installation status in mobile apps, CRM, or job sheets.

* Labels cables and termination points for easy future maintenance.
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8. Safety Compliance
*  Follows work-at-height safety protocols when working on poles or terraces.
e Uses appropriate PPE (helmet, gloves, harness, reflective jacket).
*  Ensures safe handling of fiber shards and tools to avoid injury.

An FTTH/X Installer plays a crucial role in ensuring seamless high-speed broadband delivery. Their
responsibilities range from survey, installation, splicing, testing, device configuration, customer
interaction, to documentation, all while following safety and quality standards. Skilled installers ensure
reliable connectivity and improved customer satisfaction.
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— Key Learning Outcomes | ¢

By the end of this module, the participants will be able to:

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.
28.

Explain the key characteristics of fiber cables such as bend-insensitive, ribbon fibers, and high-
fiber-count cables.

Demonstrate how to select cable types based on site/environmental factors and verify pulling
tension, bend radius, and cable diameter.

Theory — Discuss the regulatory and compliance considerations for optical fiber installations,
including environmental impact and safety standards.

Demonstrate how to ensure compliance with permissions, local laws, and environmental
guidelines.

Describe different splicing methods like fusion splicing, mass splicing, and mechanical splicing.
Show how to perform optical cable pre-tests using OTDR and Al tools to ensure splicing quality
and network readiness.

Elucidate the termination techniques for connectors and pigtails.

Demonstrate proper termination, polishing, and cleaning of connectors and pigtails, ensuring loss-
free connections.

Discuss the cable pulling, blowing, and routing methods used in fiber optic installations.

Show how to use automated cable pulling tools and execute cable blowing with Al monitoring for
optimization.

Describe advanced installation techniques such as micro-trenching, air-blown fibers, and robotic
pulling.

Demonstrate how to conduct pre-deployment surveys, including GIS route mapping and FTTx
architecture compliance.

Discuss the principles of wind-loading analysis and mitigation techniques for aerial installations.
Demonstrate how to conduct wind-loading analysis and apply mitigation techniques for aerial
fiber runs.

Elucidate applicable sustainability practices including eco-friendly reinstatements and e-waste
management in fiber deployment.

Show how to use duct preparation tools, clean ducts with compressed air/vacuum systems, and
perform eco-friendly trench reinstatements.

Explain the escalation protocols for incidents and challenges that arise during fiber optic
installations.

Demonstrate escalation procedures through correct documentation, communication channels,
and reporting to supervisors.

Discuss the concepts and applications of micro-trenching and air-blown fiber techniques in high-
density urban installations.

Demonstrate how to test duct suitability and perform figure-8 cable coiling to prevent damage
during deployment.

Describe safe cable routing practices and infrastructure readiness assessments.

Show how to integrate ducts with proper sealing for scalability and long-term durability.

Explain ADSS (All-Dielectric Self-Supporting) cable installation considerations, tension control, and
structural loads.

Demonstrate how to handle ADSS cables with tension control tools and survey aerial
infrastructure using drones.

Discuss aerial fiber deployment using messenger strands and pole hardware.

Show how to install messenger strands and aerial cables safely using lift buckets and pole climbing
techniques.

Explain grounding and bonding requirements in fiber networks.

Demonstrate how to apply armor bonding and grounding practices, ensuring proper cable laying
and marker placement.
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UNIT 2.1: Planning, Survey, Cable Selection, Routing &
Deploymen(FTTH/X) Installer

— Unit Objectives |@

By the end of this unit, the participants will be able to:

1. Demonstrate how to select cable types based on site/environmental factors and verify pulling
tension, bend radius, and cable diameter.

2. Discuss the regulatory and compliance considerations for optical fiber installations, including
environmental impact and safety standards.

3. Demonstrate how to ensure compliance with permissions, local laws, and environmental
guidelines.

4. Discuss the cable pulling, blowing, and routing methods used in fiber optic installations.

5. Show how to use automated cable pulling tools and execute cable blowing with Al monitoring for
optimization.

6. Describe advanced installation techniques such as micro-trenching, air-blown fibers, and robotic
pulling.

7. Demonstrate how to conduct pre-deployment surveys, including GIS route mapping and FTTx
architecture compliance.

8. Elucidate applicable sustainability practices including eco-friendly reinstatements and e-waste
management in fiber deployment.

9. Show how to use duct preparation tools, clean ducts with compressed air/vacuum systems, and
perform eco-friendly trench reinstatements.

10. Discuss the concepts and applications of micro-trenching and air-blown fiber techniques in high-
density urban installations.

11. Demonstrate how to test duct suitability and perform figure-8 cable coiling to prevent damage
during deployment

12. Describe safe cable routing practices and infrastructure readiness assessments.
13. Show how to integrate ducts with proper sealing for scalability and long-term durability.

14. Explain ADSS (All-Dielectric Self-Supporting) cable installation considerations, tension control, and
structural loads.

15. Discuss aerial fiber deployment using

—2.1.1. Regulatory and Compliance Considerations in Fiber ———
Installation

Fiber optic network deployment involves working in public areas, along roads, on buildings, and
sometimes on government or private land. This means the installation must follow legal, administrative,
technical, and environmental rules and standards. The purpose of compliance is to ensure that:

o
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* The installation is safe for workers and the public.

*  The network is reliable and long-lasting.

* There is no damage to public utilities (water pipelines, gas lines, power cables, etc.).

*  Work is legally authorized and does not disturb public infrastructure or the environment.
If compliance is not followed, the project may face:

*  Work stoppage by authorities,

* Fines and penalties,

¢ Forced removal of cables,

e Legal disputes with landowners,

e Risk of accidents or service outages.
There fore, regulatory compliance is a mandatory part of fiber deployment planning.

1. Department of Telecommunications (DoT) — Right of Way (RoW) Rules

The Right of Way (RoW) refers to the legal permission required to lay fiber optic cables across public
roads, government land, or municipal areas.

* The DoT lays guidelines on how telecom service providers and contractors should obtain access
for digging, trenching, ducting, or laying aerial fiber.

e Before any trenching or cable-laying starts, the contractor must apply for RoW permission from
the local authority such as PWD, Municipality, NHAI, or State Forest Department (depending on
route).

* The application typically includes:
o Fiber route map (GIS-based or drawn layout)
o Work method (trenching / micro-trenching / aerial)
o Traffic management and public safety plan
o Estimated reinstatement details

Why RoW Matters
* It prevents legal conflicts with government bodies.
* Ensures that public movement and traffic remain safe.

* Defines responsibilities for restoring the work area after installation.

2. BIS Standards for Materials (Fiber, Cables, Ducts, Chambers, Connectors)

The Bureau of Indian Standards (BIS) defines material and performance standards for telecom
components.

During fiber deployment:
e Fiber cables must conform to optical performance and tensile strength standards.
* Ducts and micro-ducts must be UV-resistant and crush-resistant.
e Chambers (handholes / manholes) must have specified load-bearing capacity.

¢ Connectors must follow standard insertion loss and return loss values.
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This ensures:
* Network longevity and durability under environmental conditions.
* Low signal attenuation, meaning better network performance.
e Compatibility across vendors and service providers.
Using non-standard materials can result in:
*  Premature cable failure,
* Poor network performance,
* Financial loss during maintenance and rework.
3. Municipal / Panchayat Permissions for Digging and Reinstatement

Fiber installation often requires digging roads, pavements, or open ground. This cannot be done
without informing and taking approvals from local governing bodies such as:

¢ Nagar Nigam / Municipality (Urban areas)

e Gram Panchayat (Rural areas)

Before trenching:

* A Joint Site Survey is usually conducted with the local officer.
* The digging route and depth are finalized.

* A permission receipt and work order are issued.

After installation:

¢ Roads, footpaths, pavements, and soil must be restored to their original condition, known as
Reinstatement.

* Poor reinstatement leads to complaints, penalties, and stoppage of ongoing or future work.
4. Environmental Safety Guidelines

Fiber installation must cause minimal disturbance to the environment.

Technicians must:

* Avoid cutting trees unnecessarily.

* Protect drainage systems and avoid blocking water flow.

* Prevent contamination of water bodies.

* Use dust-control measures such as water sprinkling during trenching.

* Maintain noise control around schools, hospitals, and residential areas.

e Dispose of fiber scraps, cable jackets, and packaging safely.

Good environmental practices:

* Improve community acceptance.

e Ensure sustainability.

e Support long-term infrastructure planning.

5. Documentation and Compliance Records
Proper documentation ensures transparency, accountability, and smooth inspection or auditing later.
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Document Purpose

Work Register Daily record of activities, manpower, and
materials.

Joint Survey Report Confirms route alignment and feasibility.

Approval Certificates Proof that digging and installation were
authorized.

Daily Progress Notes (with GPS Tracking) Shows exact work progress and location
accuracy.

Documentation protects both:
* The organization, by proving the work is legal.
* The technicians, by providing instructions and approvals.

—2.1.8 Al-Supported Cable Blowing and Pulling Systems ———

Modern fiber deployment uses automated cable-blowing machines equipped with sensors and Al-based
monitoring to prevent damage during installation. These systems maintain optimal tension and
pressure, ensuring smooth and safe fiber laying.

When fiber cables are installed in underground ducts, it is important to make sure the cable does not
bend too much, get stretched, or get stuck inside the duct. Earlier, workers would pull cables using
manual force or basic machines, which sometimes damaged the cable.

Today, automated cable-blowing machines are used. These machines use air pressure and rollers to
push or blow the fiber cable smoothly through the duct. They also use Al (Artificial Intelligence) and
sensors to monitor how much force is applied, how fast the cable is moving, and if there is extra friction.

This makes the installation:
e Faster
» Safer
*  More reliable
* Less likely to damage fiber cables
1. Tension and Pressure Sensors
The machine has built-in sensors that measure:
* How hard the cable is being pulled (Tension)
* How strongly the air is pushing the cable (Pressure)
Why It Matters
Fiber optic cables are very delicate.
Too much force can cause:
*  Micro-bending (small bends that reduce signal quality)
* Fiber breakage (complete failure)
How It Works
* If the tension gets too high, the machine automatically slows down.

e If air pressure is too strong, it adjusts to the safe level.

* This prevents damage and ensures long-distance cable blowing.
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Simple Example:
If you push a thread too hard through a pipe, it gets stuck. The machine avoids that situation by
adjusting force carefully.

2. Friction Prediction (Al Algorithm)
When the fiber cable moves inside the duct, it rubs against the duct walls. This rubbing is called friction.
Role of Al
The machine has Al software that:

e Detects how much friction is happening inside the duct

* Predicts if friction will increase ahead

* Adjusts the cable feed speed to avoid damage
Why This Is Important

e Friction is the main reason cables get damaged during installation.

e Al helps prevent jamming and breakage before it happens.
Simple Example:

Al works like a smart helper that warns the operator: “Slow down, friction is increasing ahead.”
3. Real-Time Display & Alerts

The machine has a digital display screen that shows live information such as:

» Distance cable has traveled

e Current pulling force (tension)

* Air pressure inside duct

* Speed of cable movement

Safety Alerts

If there is any risk, the screen displays:

* Warning messages

e Beeping alarm sound

* Machine stops automatically to protect the cable

* Benefit to Technician

* The operator does not have to guess what is happening inside the duct — the machine tells it

clearly.

4. Installation Record Logs

* After installation, the machine automatically stores data, such as:

* How many meters of cable were installed

*  What was the maximum tension used

e Air pressure used during blowing

e Time taken for installation
Why This Is Useful

1. Quality Check

* Helps confirm that the installation was safe and correct.
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2. Future Maintenance

If any issue happens later, technicians can refer to this data.
3. Proof for Clients / Supervisors

Data is used in handover reports and audits.
Simple Example:
Itis like keeping a record book for every cable installation job.
Key Benefits of Al-Supported Cable Blowing Machines

Benefit Explanation

Reduces Cable Damage Sensors protect cable from excessive force.
Saves Time Faster installation than manual pulling.
Improves Accuracy Al adjusts speed and pressure automatically.
Provides Reliable Records Helpful for maintenance and reporting.

—2.1.9. Advanced Installation Methods (Micro-Trenching, ABF, —
Robotic Pulling)

In fiber network projects, cables need to be installed through roads, footpaths, buildings, and
underground spaces. Traditional digging methods can be slow, noisy, costly, and can disturb traffic and
public movement. Modern installation techniques have been developed to make the work faster,
cleaner, safer, and more efficient, especially in crowded cities.

These advanced methods help in:

* Reducing public disturbance

* Faster network deployment

* Lessroad damage

* Easy future expansion or upgrades
1. Micro-Trenching

* Micro-trenching is a method of laying fiber where a very narrow and shallow cut is made on the
side of a road, footpath, or pavement.

* Instead of digging a wide trench, only a small slot is cut—just enough for the fiber duct.

P —
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Key Features

Feature Explanation

Narrow trench Typically 2—5 cm wide and 20-30 cm deep.
Quick installation Much faster than traditional open trenching.
Minimal surface damage Roads and pavements are not heavily broken.

Why Micro-Trenching is Useful
* Roads stay open for traffic, no major blockage.
* Less dust, noise, and disturbance for the public.
e Restoring (reinstatement) is easy and clean.
Field Example

On a busy city footpath, instead of digging across the whole road, a thin groove is cut, the duct is
inserted, and the groove is sealed back with concrete or resin.

2. Air-Blown Fiber (ABF)

In Air-Blown Fiber systems, ducts or micro-ducts are installed first. Later, fiber cables (in bundle form)
are pushed/blown through these ducts using compressed air.

This method allows fiber to be added whenever needed in the future, without digging again.
How ABF Works

1. First, a micro-duct (small plastic tube) is installed underground.

2. When fiber is needed, a fiber bundle unit is placed at one end.

3. A compressed air blowing machine pushes the fiber bundle through the duct.

Advantages
Benefit Explanation
Future-ready More fiber can be added later without new
trenching.
Fast upgrades Ideal for growing cities and 5G expansion.
Less risk of cable damage Fiber moves smoothly through ducts with air
pressure.

Where ABF Is Commonly Used
e T Parks
e Smart cities
e Hospital and university campuses
e Metro rail corridors
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3. Robotic Cable Pulling

Robotic pulling uses small motorized robots that move inside pipes, tunnels, or ducts to pull or guide
fiber cable.

This method is very useful where humans cannot enter or where ducts are narrow, long, or blocked.
Key Features

Feature Benefit

Remotely controlled robots Safe for technicians, no need to enter confined spaces.

Works in blocked / difficult ducts Robot crawls and clears the path or pulls a rope/cable.

Accurate pulling Maintains safe cable tension, preventing damage.

Where Robotic Pulling Is Used
¢ Inside old underground cable tunnels
e Under railway tracks
e Under bridges
e Long industrial duct routes
¢ Mountain or desert terrains
Advantages
e Reduces risk of worker injury
¢ Maintains cable quality by preventing excessive pulling force

e Saves time in challenging environments

—2.1.10 Wind Loading Analysis for Aerial Fiber

Wind can exert force on aerial fiber cables, causing sway, extra tension, or damage. Wind-load analysis
ensures the cable stays safe and stable under environmental conditions.

1. Sag and Tension Check
* Cables should have correct sag: too tight - break; too loose - swing.
2. Span Length Adjustment
* Shorter spans are used in high-wind zones to reduce cable strain.
3. Vibration Dampers
* Spiral or clamp-type dampers reduce flutter from wind.
4. Pole Strength Verification
* Ensure poles are firmly planted and reinforced if needed.
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—2.1.11 ADSS Cable Installation and Drone-Based Route ———
Validation

ADSS (All-Dielectric Self-Supporting) fiber cables are used in overhead installations, especially near high-
voltage lines, because they are non-metallic and do not conduct electricity.

1. ADSS Cable Characteristics
* Lightweight and self-supporting - no messenger wire required.
» Safe near electrical transmission lines.
2. Tension Control Tools
* Dynamometers and brake winches maintain proper pulling force.
3. Drone-Based Survey
* Drones capture images of poles, terrain, and vegetation.

¢ Ensures route is safe and obstacle-free before installation.

—2.1.12 Messenger Strand Aerial Deployment

In aerial fiber installation, a messenger strand (steel or FRP wire) supports the fiber cable across poles.
1. Messenger Strand Installation
* Fixed across poles and tensioned to specific load levels.
2. Cable Lashing
* Fiber cable is tied to the messenger using a lashing machine.
3. Safety Requirements
e Use of helmet, harness, pole climber, rubber gloves.
» Safe distance must be maintained from power lines.

—2.1.13 Escalation and Reporting Protocols

During fiber installation, unexpected issues may arise. A clear escalation system ensures problems are
addressed quickly, recorded, and communicated to maintain safety and project timelines.

1. When to Escalate
e Damage to fiber, duct, or public infrastructure.
* Conflict with land owners or authorities.
» Safety hazards observed on-site.
2 scalation Flow
Technician - Site Supervisor - Project Manager - Client / Local Authority

3. Documentation Required
o Daily logbook
o Incident report
o OTDR test failure report
o Site photographs

.
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UNIT 2.2: Splicing, Termination, Testing & Quality Assurance

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Show how to perform optical cable pre-tests using OTDR and Al tools to ensure splicing quality
and network readiness. (OTDR steps shown)

2. Elucidate the termination techniques for connectors and pigtails.

3. Demonstrate proper termination, polishing, and cleaning of connectors and pigtails, ensuring loss-
free connections. (Cold cure kit + cleaning procedure covered)

4. Discuss the principles of wind-loading analysis and mitigation techniques for aerial installations.
(Will be brief add-on but placed here for clarity of testing/verification)

5. Demonstrate how to conduct wind-loading analysis and apply mitigation techniques for aerial
fiber runs. (Practical demonstration follows theory)

6. Explain the escalation protocols for incidents and challenges that arise during fiber optic
installations. (Documentation logs + supervisor reporting referenced)

7. Demonstrate escalation procedures through correct documentation, communication channels,
and reporting to supervisors.

8. Demonstrate how to handle ADSS cables with tension control tools and survey aerial
infrastructure using drones. (Continuation of 23 — handled during installation QC)

9. Show how to install messenger strands and aerial cables safely using lift buckets and pole climbing
techniques. (Aerial safety + hardware installation process)

10. Explain grounding and bonding requirements in fiber networks. (Safety & equipment handling
reinforcement)

11. Demonstrate how to apply armor bonding and grounding practices, ensuring proper cable laying
and marker placement.

—2.2.6 Wind Loading Analysis — Practical Demonstration & —
Application

When optical fiber cables are installed on poles or towers, wind pressure can cause the cable to sway or
develop excess tension. If the aerial cable is too tight or unsupported, strong winds may snap the cable,
tilt poles, or break clamps. Therefore, field technicians must measure sag, tension, and span length
accurately to maintain safe aerial fiber deployment.
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Key Factors Affecting Wind Load

Factor Effect

Span Length (distance between poles) Longer span = more cable movement during
wind

Cable Type (ADSS / Aerial Figure-8 / Messenger | Different weight & structure respond differently

Supported) to wind

Wind Speed Zone Coastal and open rural regions have higher wind
load risk

Pole Strength & Foundation Weak poles can tilt or collapse under load

Field Demonstration Steps
1. Measure Pole-to-Pole Distance
* Use measuring tape, GPS, or drone mapping.
* |deal span for standard ADSS = 50—-80 meters.
2. Determine Cable Sag
* Use sag tables provided by cable manufacturer.
* Example: For 70m span - maintain 1.2m to 1.5m sag.
3. Install Vibration Dampers (if required)
e Clamp dampers close to pole hardware.
* Prevents flutter in high wind environments.
4. Check Cable Tension Using Dynamometer
* Ensure tension remains within 5-8% of cable tensile strength.
Practical Safety Reminder
* Never overtighten the cable - causes snapping risk
* Never leave cable too loose - causes whipping & abrasion damage

—2.2.7 Messenger Strand & Aerial Cable Installation
Demonstration

In many aerial deployments, fiber optic cable is not strong enough to support itself.

A messenger strand (steel wire or FRP rod) is first installed between poles to act as the supporting
structure. The fiber cable is then lashed (tied) to the messenger strand.

R —
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Step-by-Step Field Installation Method
A. Install the Messenger Strand
* Fix the strand to the first pole using eye-hooks or brackets.
* Unroll the strand along the pole route using a strand reel stand.
* Lift the strand to pole height using a lift bucket or ladder.
* Tension the strand using a come-along tool or chain hoist.
* Secure the strand using dead-end clamps on both poles.
B. Lash the Fiber Cable to the Messenger
*  Mount the lashing machine on the messenger strand.
* Feed fiber cable into the machine guide wheel.
*  Start moving the lashing machine along the span.
*  Ensure cable is evenly lashed without twists.
* At pole points, secure using cable support clamps.
Important Safety Guidelines
*  Use body harness when climbing poles.
*  Maintain 3-meter safe distance from power lines.
* Never over-tension - can damage both cable & pole.

—2.2.8 Escalation Protocols for Issues During Fiber Installation —

Unexpected challenges such as duct blockage, cable cuts, local resistance, or safety hazards must be
reported and addressed quickly. A structured escalation ensures quick resolution and prevents project
delays or accidents.

Common Situations Requiring Escalation

Issue Example

Technical Fault High loss on OTDR / improper splicing
Obstruction Underground pipe or rock during trenching
Risk to Public Safety Open trenching near school / highway
Damage Report Cable sheath damage / pole leaning

Escalation Flowchart
Technician - Site Supervisor - Project Manager - Client / Local Authority
What Must Be Communicated

e Exact location (GPS / distance marker)

* Nature of issue (technical / environmental / safety)

* Image or video evidence

* Suggested corrective action (if known)
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—2.2.9 Escalation Documentation and Communication Records -

Formal documentation ensures accountability and informs decision makers. It also becomes part of the
handover & audit trail for future maintenance.

Essential Documents

Document Purpose

Daily Work Log Records work completed, crew, and materials
used

Incident/Obstacle Report Form Submitted when encountering problems

OTDR Test Report Verifies optical performance after splicing

Photo Documentation Before / during / after work proof for client

How to Document an Escalation (Example Format)
Site Name:
Date / Time:
Issue Observed:

Location: GPS / Pole / Chamber #
Reported To:
Corrective Action Taken:

Technician Signature:

Supervisor Signature:
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1.

— Key Learning Outcomes | -

By the end of this module, the participants will be able to:

10.
11.
12.
13.
14.

15.
16.

17.

18.

Explain the modern applications of fiber optics such as smart cities, 5G, telemedicine, and high-
bandwidth entertainment.

Demonstrate installation of fiber networks across FTTx variations including FTTN, FTTC, FTTB, and
FTTD.

Elucidate the advances in high-capacity networks, Al-driven optimization, sustainable
deployment, and cybersecurity in fiber networks.

Show how to deploy and configure pre-connectorized optical cables, micro-ducts, and micro-
trenching solutions for dense urban applications.

Describe the principles of FTTx architectures (FTTN, FTTC, FTTB, FTTH, FTTD) and their impact on
deployment planning.

Demonstrate how to integrate network components like ONTs, OLTs, splitters, routers, and loT
devices in home and enterprise networks.

Discuss network planning and design principles, including selection of architecture (PON / GPON /
XGS-PON) and cabling layout.

Show how to apply network planning and design principles to select the right FTTx architecture
based on site and customer requirements.

Explain the use of GIS tools for mapping fiber routes, infrastructure documentation, and asset
tracking.

Show how to determine infrastructure requirements such as conduit paths, fiber types,
distribution points, and access nodes.

Discuss tools and technologies for testing cables, real-time fault detection, and predictive
maintenance in fiber networks.

Show how to ensure seamless splicing and terminations using precision splicing tools and low-loss
connector practices.

Elucidate the role of automation and smart diagnostic tools in network testing and
troubleshooting.

Demonstrate how to ensure alignment with regulatory and compliance requirements during FTTx
network installation.

Describe how ONTs, OLTs, splitters, and loT devices integrate within FTTx access networks.

Show how to select equipment and materials for scalability and future upgrades (e.g., migration
to XGS-PON / 10G PON).

Discuss industry standards and guidelines issued by TRAI, Broadband Forum, and ITU-T related to
fiber network deployment.

Demonstrate accurate documentation, reporting, and compliance verification for audit and
certification.
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UNIT 3.1: FTTx Applications, Architecture & Network Design

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the modern applications of fiber optics such as smart cities, 5G, telemedicine, and high-
bandwidth entertainment.

2. Demonstrate installation of fiber networks across FTTx variations including FTTN, FTTC, FTTB, and
FTTD.

3. Elucidate the advances in high-capacity networks, Al-driven optimization, sustainable deployment,
and cybersecurity in fiber networks.

4. Show how to deploy and configure pre-connectorized optical cables, micro-ducts, and micro-
trenching solutions for dense urban applications.

5. Describe the principles of FTTx architectures (FTTN, FTTC, FTTB, FTTH, FTTD) and their impact on
deployment planning.

6. Demonstrate how to integrate network components like ONTs, OLTs, splitters, routers, and loT
devices in home and enterprise networks.

7. Discuss network planning and design principles, including selection of architecture (PON / GPON /
XGS-PON) and cabling layout.

8. Show how to apply network planning and design principles to select the right FTTx architecture
based on site and customer requirements.

—3.1.1 Modern Applications of Fiber Optics (FTTH)

Fiber optics is a technology that uses thin glass or plastic strands (fiber cables) to send data using light
signals. It is faster, more reliable, and can carry more data compared to traditional copper wires.
Because of its high speed and stable connectivity, fiber optics is now being used in many modern
services like smart cities, 5G networks, remote healthcare, and home entertainment. As a Fiber To The
Home (FTTH) Installer, it is important to understand where fiber is used and why it is preferred.

1. Fiber Optics in Smart Cities

e Smart cities use connected devices like CCTV cameras, traffic control systems, public Wi-Fi, smart
street lights, and water/electricity monitoring systems.

¢ Fiber optics supports these systems because it provides:
o Fast data transfer
o Continuous network connectivity
o Low signal loss over long distances
Ensure proper fiber cable routing and connection to maintain stable communication between devices.

2. Fiber Optics in 5G Networks
¢ 5G mobile networks need very high data speed and low delay (low latency).
e Fiber optics connects 5G towers to the main network, allowing quick data movement.
e Without fiber, the 5G signal cannot perform at maximum speed.
Understand the importance of clean splicing and secure cable handling to avoid connection loss.

— B/
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3. Fiber Optics in Telemedicine

¢ Telemedicine allows doctors to examine and treat patients remotely using video calls, medical
data transfer, and digital diagnostics.

e Fiber ensures:
o Clear video communication
o Quick sharing of large medical files
o Reliable network with no interruptions

Carefully test the signal strength to ensure stable connectivity for hospitals, clinics, and remote health
centers.

4. Fiber Optics for High-Bandwidth Entertainment
e Homes today use online entertainment like:
o HD/4K Video Streaming (Netflix, YouTube, etc.)
o Online Multiplayer Gaming
o Online Education Classes
e These activities require high-speed and stable internet.
e Fiber optics provides:
o Smooth experience with no buffering
o Support for multiple devices at the same time

Proper ONT (Optical Network Terminal) setup inside homes, correct router placement, and customer
guidance on usage.

Key Performance Points for the Learner
To perform well on the job, the candidate should be able to:

Performance Requirement Skill Needed

Explain where fiber is used today Basic communication and understanding
Install and handle fiber equipment carefully Practical cable handling skills

Perform simple checks for signal quality Use of OTDR/VFL or basic test tools
Guide customer about internet usage Professional customer interaction skills

Fiber optic technology is the backbone of modern digital services. As an FTTH Installer, your work
directly supports smart cities, high-speed 5G networks, digital healthcare, and home entertainment
systems. Proper installation, safe handling, and neat work ensure high performance and customer
satisfaction.




—3.1.2 Installation of Fiber Networks Across FTTx Variations —

FTTx means “Fiber To The x,” where x stands for the final point where the fiber cable ends. Fiber
networks are not always connected directly to every home. Sometimes the fiber reaches only up to a
nearby cabinet or building, and then the last part is completed using copper or internal LAN cables. As a
Fiber to the Home (FTTH) Installer, you must understand different FTTx layouts so you can correctly
install and connect the fiber based on the site requirement.

Different Types of FTTx Networks and How They Are Installed
1. Fiber to the Node (FTTN)
¢ In this setup, fiber cable reaches a neighborhood cabinet (Node).
e From the cabinet to the customer’s house, the connection continues using copper cable (like
DSL).
¢ Common in older network areas.
Installer Skill Steps:
¢ |dentify the fiber node cabinet in the area.
e Ensure proper fiber splice/termination inside the cabinet.
e Check copper connections running to individual homes.
e Test connectivity using basic signal test tools.
2. Fiber to the Curb (FTTC) (also known as Fiber to the Cabinet)
e Fiber reaches a street-side cabinet very close to homes.
e The last few meters (house drop) are via copper pair or coaxial cable.
e Better speed than FTTN.
Installer Skill Steps:
e Locate the curb/cabinet distribution box.
e Perform fiber jointing or adapter connection inside the cabinet.
e Verify customer-side cable connection points.
e Test network performance using VFL/OTDR if required.
3. Fiber to the Building (FTTB)
¢ Fiber reaches inside the building, usually to a communication room or basement.
e From there, internet is distributed to flats using LAN cables (Cat5/Cat6) or internal fiber.
Installer Skill Steps:
e Route fiber safely from the street to the building’s telecom room.
e Terminate fiber into OLT/ONT/Splitter inside the building.
e Connect internal building network (LAN/mini switches).
e Check signal strength at each floor/flat distribution point.
4. Fiber to the Desk/Device (FTTD)
e Fiber runs directly up to the user’s desk or device.
e Used in offices, IT parks, banks, and data centers requiring high-speed secure connectivity.
Installer Skill Steps:
e Route fiber cable through trays, conduits, and wall ducts carefully.
e Perform precision splicing or connect using pre-terminated fiber patch cords.
¢ Install faceplates, adapters, and optical patch panels neatly.
e Test with VFL/Power Meter to ensure clean signal quality.

Fiber to-the Home (FTTH/X) Installer —
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Key Performance Requirements for the Learner

Task to Perform Required Skill / Behavior

Identify the type of FTTx layout on-site Ability to observe network structure
Safely handle and route fiber cables Good handling and cable protection skills
Perform basic fiber termination/splicing Hands-on tool handling skill
Test and verify connection quality Use of testing tools (VFL/OTDR/Power Meter)
Communicate connection status to supervisor . N

Clear and polite communication
and customer

Different locations use different FTTx methods depending on building structure, cost, and network
coverage. As an FTTH Installer, understanding where the fiber stops and how the remaining connection
continues is very important. Correct installation, proper handling of cables, neat routing, and accurate
testing help deliver stable and high-performance network service to the end user.

—3.1.2 Advances in Modern Fiber Networks

Fiber networks are improving continuously to support higher internet speeds, smart digital services, and
secure communication. Modern fiber systems are designed to carry very large amounts of data, manage
network performance automatically using Al tools, use environment-friendly installation methods, and
protect data from cyber-attacks. As a Fiber to the Home Installer, knowing about these advances helps
you understand why careful installation, clean splicing, and proper configuration are important for
reliable network performance.

Skill-Focused Learning Content
1. High-Capacity Fiber Networks
e Modern fiber cables can carry huge amounts of data at very high speeds.
e They support new services like:
o 4Kand 8K video streaming
o Smart homes and loT devices
o Online gaming and cloud services
o 5G mobile networks
e High-capacity fiber means many users can use the network at the same time without slow speed.
Installer’s Skill Requirements:
e Perform neat fiber splicing to reduce signal loss.
e Maintain correct bend radius to keep signal strong.

e Use tools like VFL and Power Meter to test signal quality.
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2. Al-Driven Network Optimization
¢ Networks now use Artificial Intelligence (Al) to automatically:
o Monitor signal performance
o Detect faults earlier
o Balance network traffic to avoid slowdown
¢ This helps in faster troubleshooting and fewer network interruptions.
Installer’s Skill Requirements:
e Label cables and ports clearly, so Al monitoring matches correct line IDs.
¢ Share accurate installation records with supervisors.

e Report unusual signal readings during installation for quick resolution.

3. Sustainable (Eco-Friendly) Fiber Deployment
e Modern fiber installation focuses on reducing environmental impact.
e Practices include:
o Micro-trenching (very small cuts in the ground to lay fiber)
o Use of underground ducts to avoid repeated digging
o Recycling excess fiber material and plastic packaging
e Fiber networks also use less power compared to copper networks.
Installer’s Skill Requirements:
¢ Avoid unnecessary cable wastage.
¢ Follow safest and shortest cable routing.

e Keep the installation site clean and dispose of scraps properly.

4. Cybersecurity in Fiber Networks

e Because many services (banking, online payments, company work) depend on the internet, data
security is very important.

e Fiber networks use:
o Encryption to protect data traveling in the cable
o Secure router and ONT settings
o Strong passwords and access control
Installer’s Skill Requirements:
e Change default router/ONT passwords at installation time.
e Ensure Wi-Fi is secured (WPA2/WPA3 enabled).
e Educate customers not to share passwords with unknown persons.
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Key Performance Points for the Learner

Work Requirement Skill Needed

Maintain strong and stable fiber connection Clean splicing, proper routing

Support modern Al network systems Clear labeling and documentation

Follow eco-friendly installation practices Careful material use and safe cleaning
Ensure secure network setup for customers Correct password and device configuration

Modern fiber networks are faster, smarter, more secure, and more environmentally friendly. As an
FTTH Installer, your quality of work directly impacts network performance and customer satisfaction. By
following correct installation practices, secure setup methods, and clean work habits, you help provide
reliable and safe connectivity to homes and businesses.

—3.1.3 Deployment of Pre-Connectorized Optical Cables, — —
Micro-Ducts, and Micro-Trenching in Urban Areas

In crowded city areas, there is less space for digging and installing new cables. To solve this, telecom
companies use pre-connectorized fiber cables, micro-ducts, and micro-trenching methods.

These methods help in quick and clean installation, reduce damage to roads, and allow fiber networks
to be deployed without disturbing traffic or daily activities. As an FTTH Installer, you should know how
to handle, route, and safely install such systems.

1. Pre-Connectorized Optical Cables

* What It Means: These are fiber cables that already have connectors fitted at the ends. There is no
need for splicing at the customer side.

* Where Used: High-rise buildings, apartments, and congested streets where installation must be
quick and neat.

Installer Skill Steps:
e Check cable length required from distribution box to customer location.
¢ Do not remove connector protective cap until ready to connect.

e Carefully route cable along walls, ducts, or overhead clamps without bending beyond the minimum
bend radius.

e Connect one end to the fiber terminal box and the other end to ONT (Optical Network Terminal).
e Perform visual check using a VFL to ensure the connector is clean and signal is not blocked.

Key Safety:
e Avoid dust on connector tips.

e Do not pull cable with excessive force.
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2. Micro-Duct Deployment
What It Means: Micro-ducts are thin plastic tubes installed underground or inside buildings. Fiber cables
are later blown or pushed inside these ducts.
Where Used: Inside buildings, underground street routes, and shared duct networks.
Installer Skill Steps:
e Lay micro-duct through walls, ceilings, conduits, or underground passages.
e Ensure ducts are straight with smooth curves to avoid blockage.
e Use a duct blower or pushing tool to insert the fiber cable.
e Seal duct ends with duct caps to prevent dust and moisture entry.

e Label duct routes for easy identification in future.

Key Safety:
e Ensure duct openings are sealed immediately after installation.
e Use proper support clamps to prevent sagging.

3. Micro-Trenching for Dense Urban Areas
* What It Means: Micro-trenching involves cutting a very narrow and shallow line in the road to lay
micro-ducts. This avoids large-scale digging.
* Where Used: Road footpaths, building access lanes, and busy commercial streets.
Installer Skill Steps:
e Mark trench path following municipal or site guidelines.
e Use micro-trenching machine to create narrow groove.
e Place micro-duct or small fiber cable inside the groove.
¢ Fill trench using approved filler material (cold asphalt / sealing compound).
e Perform a clean-up to restore walkway or road surface.
Key Safety:
e Wear PPE (helmet, gloves, safety shoes, reflective jacket).
e Ensure road users are safely guided using barricades/sign boards.

—3.1.4 Describe the Principles of FTTX Architectures (FTTN,
FTTC, FTTB, FTTH, FTTD) and their Impact On Deployment
Planning

Principles of FTTx Architectures and Their Impact on Deployment Planning

Basic Understanding: FTTx means Fiber to the “x”, where x represents the point where the fiber cable
reaches in the network layout. The difference in each FTTx type is how close the fiber comes to the end
user. When fiber reaches closer to the user, the internet speed and reliability improve. Understanding
these differences helps an installer plan cable routes, choose the correct materials, and perform proper
installation based on the site conditions such as street layout, building type, and number of users.

P
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Different FTTx Architectures
1. Fiber to the Node (FTTN)
¢ Fiber runs from the service provider to a node cabinet located in a neighborhood.
e From the node to individual homes, the connection continues using copper cable.
e Speed may slow down over long copper lengths.
Installer’s Impact on Planning:
¢ |dentify node cabinet location.
e Check copper drop length to ensure connectivity.
¢ Plan maintenance visits due to possible copper-related signal loss.

2. Fiber to the Curb / Cabinet (FTTC)
¢ Fiber reaches a cabinet placed closer to homes, usually near the street.
e The last few meters to the house are copper or coaxial cable.
e Better speed than FTTN because fiber reaches closer.
Installer’s Planning Focus:
¢ Plan cabinet placement where multiple homes can be served.
e Ensure secure routing from curb to home.
¢ Minimize bends and damage during last-mile copper/coax routing.

3. Fiber to the Building (FTTB)
e Fiber reaches inside the building, usually to the basement or ground floor telecom room.
¢ Internal cables (LAN or internal fiber) are used to reach each apartment.
Installer’s Planning Focus:
¢ Assess building pathways, risers, and ducts.
¢ |dentify distribution points on every floor.
e Ensure clean, organized, and labeled cable routing.

4. Fiber to the Home (FTTH)
e Fiber directly enters the customer’s home and connects to an ONT.
e Offers the highest speed and most stable internet experience.
Installer’s Planning Focus:
¢ Plan direct fiber drop from distribution box to home.
e Avoid sharp bends; maintain correct bend radius.
e Ensure ONT is placed near power and router location.

5. Fiber to the Desk (FTTD)
¢ Fiber runs directly to a user’s desk or device.
e Used in offices, banks, data centers requiring secure and very high-speed connectivity.
Installer’s Planning Focus:
¢ Route fiber through cable trays, conduits, and wall ducts neatly.
e Perform precise connector handling and clean splicing.
e Test signal strength using VFL / Power Meter.
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Impact on Deployment Planning

Architecture Fiber Reaches Impact on Speed Installer Planning Requirement

FTTN Neighborhood node | Medium Check copper length and signal drop

FTTC Street-side cabinet | Medium-High Plan curb cabinet location & drop
routes

FTTB Inside building High Organize internal building wiring

FTTH Inside home Very High Plan neat home drops and ONT
placement

FTTD Up to device/desk Highest Ensure precision routing and testing

Understanding FTTx architectures helps you plan installation routes, choose suitable cables, protect
signal quality, and deliver reliable service. The closer the fiber reaches to the end user, the better the
network performance. As an FTTH Installer, your careful planning and neat work ensure customers
receive fast, stable, and long-lasting connectivity.

—3.1.5 Integration of ONTs, OLTs, Splitters, Routers,and —
loT Devices

Fiber networks work by connecting different equipment together to deliver internet service.
e The OLT (Optical Line Terminal) is located at the service provider’s main office or central location.
e The Splitter divides the fiber signal so multiple users can share one network line.

e The ONT (Optical Network Terminal) is installed at the customer’s site to convert optical signals
into usable internet.

e The Router distributes internet to phones, laptops, TVs, and loT smart devices inside a home or
office.

To provide a proper and stable connection, these components must be connected in the correct order
and configured properly.

Network Components and Their Functions

Component Location Purpose
OoLT Service provider network room / Sends and manages fiber
exchange signals for multiple users
Splitter (1:4 / 1:8/ Distribution box / building / street Splits one fiber line to multiple
1:16 / 1:32) cabinet customers
ONT Customer premises Converts optical signal into
digital internet signal
Router Customer premises Shares internet via Wi-Fi and
LAN cables
loT Devices Home/Office (Smart TV, Cameras, Uses the internet to perform
Sensors, etc.) smart functions
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Standard Connection Flow (FTTH / FTTB / FTTD)

Devices

Fiber Cable Fiber Drop (PC, Mobile,

Splitter

Cable Smart TV,
loT)

7

Step-by-Step Skill Demonstration
1. Integrating the OLT
e Usually done at higher-level operations (not always field work).
¢ |Installer ensures:
o Correct port selection.
o Proper fiber connector cleaning before plugging.
o No excessive bend in fiber patch cord.
2. Setting Up the Splitter
¢ |dentify splitter type (1:4, 1:8, etc.).
¢ Mount inside distribution box.
e Connect input fiber from OLT side.
e Connect output fibers to customer drop cables.
e Label each output port clearly.
3. Installing the ONT
¢ Place ONT near a power socket and where Wi-Fi coverage will be good.
e Connect fiber drop cable to ONT’s optical port.
e Power ON the ONT.
e Wait for PON (Passive Optical Network) light to turn stable (not blinking).
4. Configuring the Router
e Connect LAN cable from ONT to Router’s WAN or Internet Port.
e Power on Router.
e Access router settings to:
o Set Wi-Fi Network Name (SSID)
o Set Strong Password
o Enable WPA2/WPA3 security
e Check Wi-Fi signal coverage in different rooms.
5. Connecting loT and User Devices
e Connect Smartphones, Laptops, Smart TV, CCTV, Smart Speakers through Wi-Fi.
e For CCTV or office PCs, use LAN cable for stable connectivity.
e Test speed and ensure all devices receive signal properly.

. P——
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Practical Performance Requirements

Task Skills Needed

Clean and connect fiber connectors Handling tools and fiber cleaning wipes

Route fiber cable safely without bends | Cable protection skill

Configure ONT & Router settings Basic device setup and menu navigation

Connect loT devices to Wi-Fi network Customer-friendly guidance and support

Provide basic troubleshooting Check power, connectors, Wi-Fi range, and reboot steps

Installer Tips for Reliable Setup
e Always clean fiber connectors before connecting.
e Avoid sharp cable bends behind furniture and walls.
e Place router high and centrally for best Wi-Fi coverage.
e Teach customer not to share Wi-Fi password publicly.
e Label all cables and ports for future maintenance.

—3.1.6 Network Planning and Design Principles in Fiber
Networks

Network planning means deciding how and where fiber cables and equipment will be installed to
provide reliable and fast internet service. Good planning avoids signal loss, reduces maintenance
problems, and ensures customers receive stable connectivity.

While planning a fiber network, technicians must choose:

1. The right architecture (PON / GPON / XGS-PON)

2. The correct cabling layout (how and where cables will be routed)
Understanding these decisions helps the installer work accurately at the site.
1. Selecting the Architecture
a) PON (Passive Optical Network)

e Uses splitters to share one fiber line with multiple users.
¢ No active electronics needed between OLT and ONT.
¢ Best for residential and small business networks.
e Advantage: Low power use, cost-effective.
b) GPON (Gigabit PON)
e An advanced PON system that provides up to 2.5 Gbps download speed.
e Uses 1:32 or 1:64 splitters to connect many customers.
e Common in FTTH home broadband today.
e Suitable for: Homes, apartments, small offices.
c) XGS-PON (10 Gigabit Symmetric PON)
Offers very high speeds (up to 10 Gbps upload and download).
e Used where more bandwidth is needed.
e Suitable for: Enterprises, hospitals, IT parks, data centers.

.
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Impact on Installation Planning

Architecture Typical Use Speed Capacity Installer Consideration

PON Small areas / basic broadband Moderate Simple installation

Correct splitter

GPON Homes & buildings High placement is key

Use high-quality fiber

XGS-PON E i k Very High
GS-PO nterprise networks ery Hig and connectors

2. Cabling Layout and Network Design Principles

Good cabling layout ensures the fiber network works efficiently with minimal signal loss.
a) Feeder Cable Route
e Runs from OLT (central office) to main splitter locations.
e Use outdoor armored fiber for protection.
b) Distribution Cable Route
e Runs from splitter cabinets to local buildings or street points.
¢ Should follow safe and shortest path to reduce cable length.
c) Drop Cable Route
e Runs from distribution point to customer premises.
e Use pre-connectorized cable for quick and clean installation.

Installer Skill Steps During Planning & Layout
1. Survey the site
o Identify poles, ducts, walls, and building access points.
Decide cable paths

N

o Avoid sharp bends, heat sources, and overhead hazards.
. Select splitter points

w

o Must be easy to access for maintenance.
4. Label cables and ports
o Helps in future troubleshooting.

%]

. Test signal quality
o Use VFL/Power Meter after connecting to ensure low signal loss.

Practical Performance Requirements

Task Skill Required

Identify proper architecture (PON/GPON/XGS- Understanding of speed and user requirement
PON)

Plan cable routing Ability to read the site and avoid obstacles
Handle and connect cables carefully Bend-radius protection and connector cleaning
Perform basic testing Use of VFL/Power Meter effectively

Document installation Write clear labels and simple route diagrams
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Good network planning ensures smooth and reliable fiber connectivity.

Choosing the right architecture (PON, GPON, or XGS-PON) and organizing the cabling layout correctly
helps reduce signal loss, simplifies maintenance, and provides high-quality service to homes and
businesses. As an installer, your careful routing, neat work, and accurate testing play a key role in
successful network deployment.

—3.1.7 Network Planning and Design Principles in Fiber
Networks

Network planning means deciding how and where fiber cables and equipment will be installed to
provide reliable and fast internet service. Good planning avoids signal loss, reduces maintenance
problems, and ensures customers receive stable connectivity.

While planning a fiber network, technicians must choose:
1. The right architecture (PON / GPON / XGS-PON)

2. The correct cabling layout (how and where cables will be routed)

Understanding these decisions helps the installer work accurately at the site.
1. Selecting the Architecture
a) PON (Passive Optical Network)
e Uses splitters to share one fiber line with multiple users.
¢ No active electronics needed between OLT and ONT.
e Best for residential and small business networks.
e Advantage: Low power use, cost-effective.
b) GPON (Gigabit PON)
e An advanced PON system that provides up to 2.5 Gbps download speed.
e Uses 1:32 or 1:64 splitters to connect many customers.
e Common in FTTH home broadband today.
e Suitable for: Homes, apartments, small offices.
c) XGS-PON (10 Gigabit Symmetric PON)
e Offers very high speeds (up to 10 Gbps upload and download).
¢ Used where more bandwidth is needed.
e Suitable for: Enterprises, hospitals, IT parks, data centers.

Impact on Installation Planning

Architecture Typical Use Speed Capacity Installer Consideration
PON Small areas / basic Moderate Simple installation
broadband
GPON Homes & buildings High Correct splitter placement
is key
XGS-PON Enterprise networks Very High Use high-quality fiber and
connectors

T —
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2. Cabling Layout and Network Design Principles

Good cabling layout ensures the fiber network works efficiently with minimal signal loss.
a) Feeder Cable Route
e Runs from OLT (central office) to main splitter locations.
e Use outdoor armored fiber for protection.
b) Distribution Cable Route
e Runs from splitter cabinets to local buildings or street points.
¢ Should follow safe and shortest path to reduce cable length.
c) Drop Cable Route
e Runs from distribution point to customer premises.
e Use pre-connectorized cable for quick and clean installation.

Installer Skill Steps During Planning & Layout
1. Survey the site
Identify poles, ducts, walls, and building access points.
Decide cable paths
Avoid sharp bends, heat sources, and overhead hazards.
Select splitter points
Must be easy to access for maintenance.
Label cables and ports
Helps in future troubleshooting.

Test signal quality

O o ~AO wWo N o

Use VFL/Power Meter after connecting to ensure low signal loss.

Practical Performance Requirements

Task Skill Required

Identify proper architecture Understanding of speed and user requirement
(PON/GPON/XGS-PON)

Plan cable routing Ability to read the site and avoid obstacles
Handle and connect cables carefully Bend-radius protection and connector cleaning
Perform basic testing Use of VFL/Power Meter effectively

Document installation Write clear labels and simple route diagrams
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UNIT 3.2: GIS Mapping, Network Testing, Compliance & Future
Scalability

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the use of GIS tools for mapping fiber routes, infrastructure documentation, and asset
tracking.

2. Show how to determine infrastructure requirements such as conduit paths, fiber types,
distribution points, and access nodes.

3. Discuss tools and technologies for testing cables, real-time fault detection, and predictive
maintenance in fiber networks.

4. Show how to ensure seamless splicing and terminations using precision splicing tools and low-loss
connector practices.

5. Elucidate the role of automation and smart diagnostic tools in network testing and
troubleshooting.

6. Demonstrate how to ensure alighnment with regulatory and compliance requirements during FTTx

network installation.

Describe how ONTSs, OLTs, splitters, and loT devices integrate within FTTx access networks.

Show how to select equipment and materials for scalability and future upgrades (e.g., migration

to XGS-PON / 10G PON).

9. Discuss industry standards and guidelines issued by TRAI, Broadband Forum, and ITU-T related to
fiber network deployment.

10. Demonstrate accurate documentation, reporting, and compliance verification for audit and
certification.

®© N

—3.2.1 Use of GIS Tools in Fiber Network Mapping and Asset
Tracking

GIS stands for Geographic Information System. It is a computer-based tool used to view, map, and
record locations on a digital map. In fiber network installation, GIS helps us plan where cables, poles,
splitters, and network equipment are placed. This makes the network easier to manage, repair, and
expand in the future.

Using GIS improves accuracy, reduces confusion, and ensures that all parts of the network are properly
documented.

Why GIS is Important in Fiber Networks

Purpose Benefit

Mapping fiber routes Helps choose the shortest and safest cable path

Documenting infrastructure Records the exact location of cabinets, splitters, poles, etc.

Asset tracking Keeps track of equipment installed, so nothing is lost or confused
Maintenance Helps technicians find faults or damaged routes quickly

o
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How GIS is Used in Fiber Planning and Deployment
1. Mapping Fiber Routes
¢ GIS shows roads, buildings, poles, ducts, and ground levels on a map.
¢ Planning team marks:
o Cable route path
o Location of OLT, splitter boxes, and ONTs
e Helps avoid obstacles like:
o Private property
o Water pipelines
o High-traffic zones
Installer Skill Focus:
¢ Understand the marked path before laying cables.
¢ Follow the planned route exactly to avoid mistakes.
2. Infrastructure Documentation
e Every network componentis recorded in GIS with:
o Location (GPS coordinates)
o Equipment type
o Serial number or ID
o Installation date
¢ This documentation helps manage and update the network easily.
Installer Skill Focus:
e Label cables, splitters, and ONT devices clearly.
e Report equipment installation details to the supervisor for GIS entry.
3. Asset Tracking
¢ GIS helps maintain a record of:
o Fiber cable lengths
o Splitters, distribution boxes, and joints

o Customer connections

This ensures that inventory is used correctly and not wasted.
Installer Skill Focus:
e Count and record the number of connectors, cables, and boxes used.

e Keep work area organized to avoid material loss.

Practical Example Workflow for Installer
1. Supervisor shares GIS map of the area.
2. Installer studies the map:
o Identifies splitter box location
o Notes cable path and customer home points

3. Installer performs the fiber installation as per the map.
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4. Afterinstallation, installer reports:

o Drop cable length used

o ONT and router serial numbers

o Any route changes (if needed due to actual ground conditions)
5. Data is updated back into GIS for future reference.

—3.2.2 Determining Infrastructure Requirements for Fiber
Deployment

Before installing a fiber network, we must plan what materials and paths will be needed. This includes
deciding where the cables will go, what type of fiber to use, and where equipment like splitters and
access nodes will be placed. Proper planning reduces mistakes, avoids damage to public utilities, and
ensures smooth customer connections.

Fiber network infrastructure is built in layers:
e Main network cable (backbone)
e Distribution network (splitters and local paths)
e Drop cable (customer connection)
Understanding these layers helps in identifying what materials and routes are required.

Key Elements to Determine

Element Meaning Role in Network
Conduit Path The physical path along which fiber Protects fiber from damage
cable runs
Fiber Type Single-mode or multi-mode; loose Ensures correct performance and
tube or tight buffer distance
Distribution Point Location where network splits to Manages branching of connections

serve multiple customers

Access Node Equipment point where connections | Controls and directs data signals
are linked to the main network
(example: OLT in exchange)

How to Determine Requirements
1. Identify Conduit Paths
e Walk the site or review GIS/site layout.
e Choose safe routes such as:
o Existing poles
o Utility ducts
o Building risers
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¢ Avoid hazards like:
o High-traffic roads
o Water pipelines or gas lines
o Sharp bends and tight corners
Installer action:
e Mark conduit positions clearly.
e Maintain minimum bend radius of fiber cables.
2. Select the Correct Fiber Type
¢ Single-mode fiber is most commonly used in FTTH (long distance, high speed).
e Choose fiber based on:
o Distance to be covered
o Indoor or outdoor use
o Required capacity (bandwidth)
Installer Skill:
e Read cable markings (e.g., SM, G.652D).

e Use outdoor armored fiber for external runs; indoor patch cable for final indoor routing.

3. Determine Distribution Points
Distribution Points are placed:
e On poles, junction boxes, wall-mount cabinets, or manholes
¢ Inareas where multiple customer houses/buildings exist.
Typical examples:
e FDH (Fiber Distribution Hub) for large zones.
e Splitter boxes for smaller areas.
Installer Skill:
e Locate nearest existing splitter before laying drop cable.

e Ensure splitters are easily accessible for maintenance.

4. Identify Access Nodes
Access Nodes include:
e OLT (Optical Line Terminal) in control office / exchange
e Street cabinets for feeder networks
These nodes:
e Connect the local network to the service provider network
e Enable internet or IPTV services to reach the customer
Installer Skill:
e Trace the fiber path backward:
Customer - Splitter = Distribution Hub - OLT Node
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Practical Workflow Example
1. Supervisor shares area map or layout.
2. Installer walks route to:
o Mark poles, walls, or ducts for conduit placement
o Check distances and obstacles
Select appropriate fiber type based on route conditions.
Identify nearest splitter box or distribution hub.
Note access node location (like the OLT point).
Document all findings and report for confirmation.
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—3.2.3 Tools and Technologies for Testing, Fault Detection, —
and Predictive Maintenance in Fiber Networks

After installing fiber cables, it is important to test the connection quality to ensure signals travel without
loss. If there is a problem such as cable bend, break, dirt on connector, or faulty splice, the signal
weakens. To find and repair these issues quickly, technicians use testing tools, real-time monitoring
devices, and software systems that can predict future faults.

These tools help maintain high-speed and stable network performance, especially in FTTH and
broadband services.

Tools and Technologies Used

Image / Symbol Tool / Purpose What the Technician
(Placeholder) Technology Learns to Do

OTDR (Optical Tests fiber length, [ Learn how to connect
Time Domain loss, and detects [ OTDR to fiber, read
Reflectometer) faults or breaks in | trace graphs, and

the cable. locate fault distance.

VFL (Visual Fault [Sends visible red |Learn to identify
Locator) light through sharp bends or
fiber to show damaged connector
bends or breaks. |ends.
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Optical Power
Meter & Light
Source
(OPM/OLS)

Measures signal
strength going in
and coming out
of fiber.

Learn to check if
signal loss is within
acceptable limits.

Fiber End-Face
Inspection
Microscope

Checks if
connector end-
faces are clean
and smooth.

Learn to inspect and
clean connectors
using cleaning wipes
and swabs.

Real-time Fiber
Monitoring
System

Live monitoring
of network
performance
from a central
control room.

Learn to report
alarms and follow
instructions for field
correction.

Al-based Fault
Prediction
Software

Predicts faults
before failure
using data trends.

Learn to understand
alerts and schedule
preventive
maintenance.

CENICOO0050000000

Network Data
Logger (NMS
Logs)

Keeps record of
network
performance data
over time.

Learn to record and
share logs when
troubleshooting
issues.

Fiber Cleaning
Tools (Alcohol
wipes, lint-free
pads, cleaning
sticks)

Removes dust
and oil that cause
signal loss.

Learn correct
cleaning technique to
avoid connector
damage.
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Skill Focus for Trainees

Skill Expected Performance

Basic OTDR Operation | Connects OTDR safely, checks trace, notes loss point location.

Connector Inspection | Uses microscope to check cleanliness before installation.

Uses OPM to confirm acceptable signal levels (e.g., -18 dBm to -28 dBm for

Power Level Testing FTTH)

Cleaning and Handling [ Cleans end-face without scratching or touching core.

Fault Reporting Reports exact location and type of issue to supervisor.

Routine Maintenance | Performs cleaning and checks at scheduled intervals.

Simple Practical Steps (Field Demonstration)
1. Clean both end connectors before testing.
2. Use Power Meter to check signal levels.
3. If signal is weak, use VFL to detect bends or breaks.
4. |f location is unclear, use OTDR to find the exact distance to the fault.
5. Report findings and take approval before repairing or replacing fiber.

Testing and maintenance tools help ensure that fiber networks work smoothly and deliver high-speed
internet to customers. By learning to use these tools correctly, an FTTH Installer can detect problems
early, fix them efficiently, and improve network reliability and customer satisfaction.

—3.2.4 Ensuring Seamless Splicing and Terminations in Fiber —
Networks

Fiber splicing and termination are very important steps in fiber installation. Splicing means joining two
fiber cables so that light can pass smoothly with minimum power loss. Termination means attaching a
connector at the end of the fiber so it can plug into devices like ONTSs, splitters, or patch panels.

If splicing or termination is done poorly, the internet speed drops, the connection becomes unstable,
and faults occur. Using proper tools, careful handling, and standard practices helps ensure low-loss and
long-lasting connections.

Common Tools Used

Image Placeholder Tool Name Purpose

Fusion Splicer Fusion Splicer Joins two fibers using heat arc to make a
smooth and low-loss joint.

Fiber Cleaver Fiber Cleaver Cuts fiber with a clean 90° end face
before splicing.

Microscope Connector End-Face Checks the cleanliness and quality of

Microscope connector faces.

Cleaning Kit Cleaning Tools Used to clean connectors to avoid dust

and contamination.
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Key Principles for Low-Loss Splicing and Termination

Principle Why It Matters

Clean fiber before working Dust causes signal loss

Maintain correct cleave angle A poor cut results in high splice loss
Align fibers carefully in splicer Ensures smooth light path

Avoid bending or pulling fiber after splicing Prevents cracks and breaks

Protect splice with sleeve Keeps joint safe and secure

Skill-Focused Learning: Steps for Fusion Splicing
1. Prepare the Fiber
Strip the outer jacket and buffer coating.
Clean fiber with alcohol wipes.
Ensure hands and work area are clean.
Cleave the Fiber
Place fiber in cleaver.
Perform a clean, straight cut.
Check the cleaved face for cracks.
Align the Fibers in the Splicer
Place both fibers into the fusion splicer holders.
Let the splicer automatically align the cores.
Splice
Start the splicing machine.
Allow the arc to fuse the fibers into one smooth joint.
Protect the Splice
Slide a heat-shrink sleeve over the joint.
Heat it in the splice oven to secure and protect it.
Store Safely
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Place the completed splice carefully inside the splice tray.

—3.2.5 Role of Automation and Smart Diagnostic Tools in
Network Testing and Troubleshooting

In today’s fiber networks, the number of users and data usage is very high. To maintain strong and
stable internet connections, network operators use automation and smart diagnostic tools.

Automation means using software or machines to do tasks automatically with very little human effort.
Smart diagnostic tools can detect problems in the fiber network in real-time, analyze the cause, and
guide technicians on how to fix it.

This reduces time spent searching for faults and makes the network more reliable and easier to
maintain.

Y - PR —
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Why Automation and Smart Tools are Needed

Reason

Benefit

Detect faults faster

Reduces service interruption

Reduce human errors

Improves network accuracy and quality

Monitor network continuously

Issues are found before customers complain

Predict future failures

Helps in preventive maintenance

Examples of Smart Diagnostic Tools

Tool / System

Remote OTDR Monitoring
System

What It Does

Tests fiber links automatically
from the control center

How It Helps Technician

Technician receives exact fault
distance and location

NMS (Network Management
System)

Monitors the performance of
OLTs, ONTSs, routers, and
splitters

Technician checks alerts and
follows troubleshooting steps

Al-based Fault Prediction
Software

Analyzes signal patterns and
predicts future failures

Allows maintenance before
network goes down

Smart Optical Power Monitoring
Units

Measure signal power at many
points in the network
continuously

Helps identify gradual signal loss
early

Mobile Network Testing Apps

Technicians use smartphone
apps to test ONT and router
performance on-site

Enables quick testing and
service validation at customer
home

How Automation Helps in Troubleshooting

1. Automatic Alarm Generation

Remote Testing

Saves time and manpower.

Smart Fault Localization

Data-Driven Repair Actions

O A O WO O N O O

Task to do

When a fiber breaks or weakens, the system sends an alert.

Technician knows what happened and where instantly.

Control center staff can run OTDR tests without visiting the site.

The tools show map-based fault locations, reducing physical inspection.

Systems suggest the best repair method based on past faults and cable type.
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Skill What the Trainee Must Be Able to Do

Read system alarms Identify the type of fault (break, bend, power loss)

Confirm fault using portable testers Use OTDR / VFL on-site to verify location

Check signal levels (e.g., -18 dBm to -28 dBm range for

Analyze ONT and router logs FTTH)

Perform preventive cleaning and re-

. Clean connectors and re-seat cables as needed
termination

Communicate findings Report exact problem and fix to supervisor clearly

Simple Troubleshooting Workflow Using Smart Tools

Alarm or alert is received in the monitoring system.

Technician checks fault type, location, and time in NMS dashboard.
Technician travels to site with required tools only (no guesswork).
Confirm fault with VFL, OTDR, or Power Meter.

Repair fiber splice or connector as needed.

o Uk WwWwN e

Update status back into system for network record.

—3.2.6 Ensuring Alignment with Regulatory and Compliance —
Requirements During FTTx Installation

When installing fiber networks in streets, buildings, or homes, we must follow certain rules and
guidelines set by the government, local authorities, and service providers. These rules ensure safety,
proper installation, and legal compliance. Not following these regulations can cause accidents, service
issues, property damage, and legal penalties.

Therefore, an FTTH/FTTx installer must work responsibly, follow approved routes, and use safe
installation practices.

Key Areas of Compliance

Area What It Means Installer Responsibility
Right of Way (RoW) Permission to lay cable along public Only work on routes approved
roads or property by supervisor/local authority
Safety Regulations Rules to avoid accidents at site Wear PPE, place warning signs,
follow safe cable handling
Building Codes Rules for running cables inside Use proper pathways, avoid
buildings damaging walls or ducts
Documentation and Keeping records of cable paths and Label cables correctly and
Labeling equipment report installation details
Environmental Prevent waste, pollution, and damage | Dispose scrap fiber safely and
Compliance avoid blocking drains or
pathways

— - PR —
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Skill-Focused Steps for Safe and Compliant Installation

1. Verify Work Permission

e Confirm with team leader or supervisor that permissions (RoW) are granted.
¢ Do not start work without confirmed approval.

Performance Skill:

Always ask and check work permit before installation.

2. Follow the Approved Cable Route

e Use the route plan provided by the planning team.

¢ Avoid changing route without reporting.

¢ Do not cross private property unless permission is documented.
Performance Skill:

Install cables only along marked poles, ducts, risers, and conduits.

3. Use Proper PPE and Safety Equipment

e Wear gloves, safety glasses, helmet, and safety shoes.
¢ Place warning boards when working in public areas.

e Keep work area clean and cable reels stable.
Performance Skill:

Show correct PPE use at all times.

4. Install Cables as per Standards

e Maintain minimum bend radius (typically 30 mm for drop cables).
¢ Avoid pulling the cable too hard (follow tension limits).

e Use splice closures and proper routing inside joint boxes.
Performance Skill:

Demonstrate careful cable handling to avoid micro-bends and cracks.

(9]

. Proper Labeling and Documentation
Label:
Splitter boxes
Drop cables
ONTs and routers
Note:
Cable length used
Splice points
Customer connection details
Performance Skill:
Maintain clear records and share with supervisor daily.

e O O O
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6. Safe Disposal of Fiber Scraps

e Collect leftover fiber fragments in a sealed disposal bottle.

¢ Do not throw fiber pieces on ground—they can injure skin and eyes.
Performance Skill:

Demonstrate safe waste handling.

T
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Compliance Checklist for Technicians (Before Job Completion)

Task Status (Yes/No)

Route followed as per approved plan

Proper PPE worn during work
Fiber not bent too tightly
Connectors cleaned before termination

Cables and equipment labeled clearly

Scrap material collected and disposed properly

Work tested and readings recorded

Following regulatory and compliance requirements ensures the fiber network is safe, reliable, and
professionally installed. As an FTTx Installer, your responsibility is to follow the approved route, use
proper safety practices, document work clearly, and handle materials carefully. This protects you, the
customer, and the network.

—3.2.7 Integration of ONTSs, OLTs, Splitters, and loT Devices in—
FTTx Networks

FTTx networks deliver high-speed internet from the service provider to the customer’s home or office.

The network works like a tree structure:

e The OLT is the main control point at the provider’s end.

¢ Fiber cables carry data signals from OLT to different areas.

o Splitters divide a single fiber signal to serve many users.

e At the customer site, the ONT converts optical signals to Wi-Fi and LAN connections.

e |oT devices (like smart TVs, CCTV cameras, smart home devices) use ONT Wi-Fi or LAN to function.

Each component must work correctly to ensure high-speed, stable and reliable connectivity.

How Each Component Works

Component

Location

Function in Network

Installer's Role

OLT (Optical Line
Terminal)

At service provider’s
office / exchange

Sends and controls data
signals to customers

Ensure feeder fiber is
correctly connected and
labeled

Optical Fiber Cable

Field / Building / Home

Carries data at high
speed using light

Handle carefully to
prevent bends and
micro-cracks

Splitters (1:4, 1:8, 1:16,
1:32, etc.)

Cabinet, wall box, pole,
or FDH

Divides one signal into
multiple customer lines

Place in secure
enclosure and ensure
proper connector
insertion

ONT (Optical Network
Terminal)

Customer home / office

Converts optical signal
to internet/Wi-Fi/LAN

Install, configure, label
and test connection

loT Devices (Smart TV,
CCTV, Smart Sensors,
etc.)

Customer premises

Use internet for smart
control and
communication

Connect through Wi-Fi
or LAN and verify signal
strength
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Simple Network Flow (Step-by-Step)
OLT - Feeder Fiber - Splitter - Drop Fiber > ONT - Wi-Fi/LAN - Devices (loT)
Skill Demonstration — Integrating Components
1. Identify OLT Port and Feeder Fiber
Confirm the correct OLT port number and cable labeling.
Connect Feeder Fiber to Splitter in FDH Cabinet
Ensure correct splitter ratio (Example: 1:8 or 1:16) based on number of users.
Run Drop Fiber to Customer Premises
Maintain bend radius and avoid sharp bends.
Install ONT
Place the ONT near power socket and away from heat or metal obstacles.
Configure Wi-Fi name and password as guided.
Connect loT Devices
Test TV streaming, CCTV feed, or smart home app response.
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Performance Parameters to Check

Parameter Good Range Test Tool
Optical Signal at ONT -18 dBm to -28 dBm Power Meter / ONT Signal Dashboard
Wi-Fi Signal Strength Strong in customer living Mobile App Test
area
Cable Bend Radius 230 mm Physical Check
Fiber Connector No dust/oil Fiber Inspection Microscope
Cleanliness

Selecting Equipment and Materials for Scalability and Future Upgrades (XGS-PON / 10G-PON)
Networks must be planned for future growth. As users demand more speed, networks will upgrade
from GPON (up to 2.5 Gbps) to XGS-PON (up to 10 Gbps). To support future upgrades, materials must be
selected carefully today.

Key Considerations for Selecting Upgrade-Friendly Materials

Item to Select Recommended Choice Why
Fiber Cable Single-mode G.652D / Supports 10G speeds and long distance with
G.657A2 low loss
Splitters Low-loss PLC Splitters Compatible with GPON and XGS-PON signals
ONT / Router Dual-band Wi-Fi (2.4 & 5 GHz) | Handles high-speed plans and multiple
devices
OLT Should have XGS-PON Allows future software-based upgrade
upgrade slot
Connectors APC (Green) Connectors Reduce reflection and ensure stable signal
performance
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Expected Performance

Skill Expected Performance

Check equipment model and Verify ONT, Splitter, and OLT specifications before
compatibility installation
Maintain low-loss connections Ensure correct splicing and connector cleaning

Label and document network points | Helps during future upgrades without confusion

Report unusual signal loss Prevents degradation and costly repairs later
immediately

To build a strong and future-ready FTTx network, it is important to install components correctly and
choose materials that support high-speed upgrades.

As an installer, your careful handling, correct routing, proper splicing, and accurate device placement
ensure stable connectivity today and easy upgrades tomorrow.

_3.2.8 Industry Standards and Guidelines for Fiber Network
Deployment

To ensure fiber networks are safe, reliable, and work smoothly, certain standards and rules are provided
by national and international organizations. These standards tell us how fiber should be installed, tested,
labeled, and maintained.

In India, TRAI provides guidelines on broadband quality and customer services.
Broadband Forum provides technical best practices for fiber networks.

ITU-T makes global technical standards for fiber cables, connectors, and PON technologies (like GPON /
XGS-PON).
Following these standards ensures:
e Better network performance
e Less faults and repairs
e Safe and long-lasting installation
e Customer satisfaction
Key Organizations and their Guidelines

What the Installer Must

Organization Full Form Role in Fiber Networks
Follow
TRAI Telecom Regulatory Sets rules for broadband Install fiber without harming
Authority of India quality, service delivery, public property, follow
customer handling, and approved routes, maintain
right-of-way installation service quality
Broadband |Global industry group of | Provides best practices for |Use correct FTTx models
Forum network operators and |[fiber architecture, testing, |(FTTH, FTTB, FTTC), proper
vendors and home network setup testing, ONT configuration
ITU-T International Defines global standards for |Use approved cable types
Telecommunication fiber cable types, splicing, |(G.652, G.657), follow correct
Union — connectors, and PON bend radius, use proper
Telecommunication technologies splitters and connectors
Standardization Sector




Fiber to-the Home (FTTH/X) Installer

Important Standards Relevant to Installers

Standard Code What It Refers To Simple Meaning
ITU-T G.652D / G.657A2 Types of single-mode fiber | These cables are recommended for
cables FTTH because they support high
speed and allow safe bending.
ITU-T G.984 (GPON) Standard for GPON Defines how OLTs, ONTs, and
networks splitters work together in fiber
networks.
ITU-T G.9807 (XGS-PON) Standard for 10-Gigabit Used for high-speed future upgrades.
PON
Broadband Forum TR-101 / TR- [ Guidelines for FTTx Defines how fiber networks must be
156 network architecture laid out from OLT to ONT.
TRAI Service Quality Guidelines | Minimum speed and Customer should get stable internet
service quality rules with low downtime.

Installer Responsibilities (Skill-Focused)

Follow Approved Installation Routes

Work only in areas where permissions are given.

Use Standard Fiber Types

Use G.652D / G.657A2 single-mode fiber for FTTH.
Avoid mixing different fiber types.

Maintain Proper Cable Handling

Maintain minimum bend radius (= 30 mm).

Do not pull fiber beyond allowed tension.

Ensure Proper Connector and Splitter Use

Use APC (green) connectors to avoid signal reflection.
Use PLC splitters as per network plan (1:4, 1:8, 1:16, etc.).
Perform Standard Testing

Test signal using Power Meter and OTDR.

Record and report signal levels.

Safety and Documentation

Label cables, ports, and splitters.

Keep the worksite clean and follow PPE requirements.

O O MO O UTO O MO O WO O NO B

Iy



Fiber to-the Home (FTTH/X) Installer

_3.2.9 Documentation, Reporting, and Compliance Verification __
in FTTx Installations

In fiber network installation work, it is very important to keep accurate records of what was installed,
how it was installed, the test results, and safety compliance.

This helps during:

e Quality checks

¢ Network troubleshooting

e Third-party audits

e Government or ISP certification
Good documentation proves that:

e Work is done correctly

o Safety rules were followed

¢ Network is ready for service

1. Key Documents Required

Document Type Purpose Example Information Included
Site Survey Report To record existing conditions | Measured cable path, obstacles,
and installation route environment risk notes
Material Consumption To record items used Cable length used, splitters installed,
Sheet ONTs installed
Splice/Termination Log To record splicing and Joint location, splice number, fiber core
Sheet connector points numbers
OTDR and Power Meter To prove link performance Optical Loss values (dB), distance
Test Report readings
As-Built Network Diagram | To show final layout and OLT - Splitters - Cables - ONTSs path
connectivity
Safety Compliance To confirm safety rules were | PPE, ladder safety, secure work area,
Checklist followed OHS compliance

. Steps to Document Installation Work

. Before Installation
Conduct site survey
Mark cable path and equipment locations
Prepare material list for approval

. During Installation

Record splice points and enclosure locations
Label fiber cores and distribution boxes

. After Installation
Perform OTDR and power meter testing
Record test results in log sheet

2

1

o

o

o

2

o Note down the actual route taken
o

o

3

o

o

o Update final network diagram

e —
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3. How to Report Test Results

Test Parameter Ideal Range Example Recorded Value
Optical Loss (OLT to ONT) <28 dB (for GPON) 17.5 dB — Pass
Connector Loss <0.35dB 0.21 dB — Pass
Splice Loss <0.05dBto 0.10dB 0.04 dB — Pass

Always attach OTDR trace printouts/screenshots with the report
4. Compliance Verification (What the Auditor Looks For)

Checkpoint

Safety compliance

What Auditor Verifies

PPE usage, ladder safety,
isolation procedures

Action by Installer

Ensure PPE used and area
barricaded

Correct materials

Approved fiber cable and
connectors

Use ITU-T G.657A2 cable, APC
connectors

Standard installation practices

Bend radius, cable tension,
routing rules

Maintain safe bend radius;
avoid sharp bends

Testing completeness

OTDR + power meter results
recorded

Attach trace reports and
readings

Documentation accuracy

Network diagrams and logs
updated

Keep all forms neat, signed, and
dated
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1.

— Key Learning Outcomes | ¢

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.

22.

23.

24.

By the end of this module, the participants will be able to:

Explain the structure, types, and materials of optical fibers, including core, cladding, and jacket
properties, as well as the optical properties like attenuation, dispersion, and wavelength.

Discuss the basic physics of light transmission in optical fibers and how it relates to signal
performance.

Elucidate the different splicing techniques (mechanical, fusion, twist, etc.), their applications, and
best practices for minimizing splice loss and ensuring joint durability.

Describe the tools and equipment used for splicing, including fusion splicers, inspection tools,
smart cleavers, and safety equipment, along with the proper handling of splicing consumables.
Explain the advanced characteristics of optical fibers and the features and functions of advanced
splicing machines and testing equipment.

Discuss the techniques for splicing in challenging environments like outdoor, submarine, or
underground networks, and how to mitigate environmental effects on fiber and splice joints.
Describe the use of fiber pigtails, connectorized fiber, routing inside junction boxes, and the
various fiber jointing techniques.

Demonstrate how to check the availability and functionality of advanced optical testing tools such
as OTDR, power meter, OSA, CD analyzer, and PMD analyzer.

Show how to check for availability and manage advanced splicing tools, including automated
splicers, robotic arms, cleavers, and inspection tools.

Demonstrate how to manage splicing consumables like joint kits, connectors, heat shrink sleeves,
and fiber optic enclosures.

Show how to ensure that splicing machines and testing equipment are calibrated and updated to
meet precision standards, and coordinate repair or replacement of faulty tools.

Demonstrate how to locate and identify fibers for splicing using automated mapping tools and
network plans, while checking for physical damage with advanced inspection tools.

Show how to prepare optical fibers for splicing by removing jackets, cleaning cores with
automated systems, and securing cables within bend radius and stress limits.

Demonstrate how to install joint closures, splitters, and pigtails with weatherproofing, route
connectorized fibers, and document compliance with network plans.

Explain the role of Al-powered tools for fault detection, predictive maintenance, and optimization
in fiber networks.

Discuss the integration of splicing tasks with loT-enabled smart network management systems
and the principles of cloud-based systems for remote monitoring, reporting, and troubleshooting.
Describe the regulatory compliance practices for optical fiber installation and maintenance, and
how they affect network planning and design.

Elucidate the advanced fusion splicing process, including fiber preparation, splicing machine
operation, and ribbon fiber splicing techniques.

Discuss the proper use of splice closures (heat shrink vs. cold shrink) and sealing techniques for
weatherproofing in various environments.

Explain the techniques and applications of crimp splicing, particularly in hybrid networks.

Describe the basics of Al-driven predictive maintenance tools used to monitor and optimize fiber
networks.

Show how to identify fiber faults using OTDR, robotic arms, OFls, and smart cleavers for
maintenance in challenging environments.

Demonstrate how to coordinate with NOC for outage windows, perform fault inspections for
microbends and environmental wear, clean fibers, replace damaged sections, re-splice fibers, and
ensure proper weatherproofing of cables.

Demonstrate how to operate fusion splicing machines with automation to minimize errors, and
perform various splicing methods (mechanical, fusion, ribbon, etc.) for different applications.
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23.

24.

25.

26.

27.

28.

Demonstrate how to coordinate with NOC for outage windows, perform fault inspections for
microbends and environmental wear, clean fibers, replace damaged sections, re-splice fibers, and
ensure proper weatherproofing of cables.

Demonstrate how to operate fusion splicing machines with automation to minimize errors, and
perform various splicing methods (mechanical, fusion, ribbon, etc.) for different applications.
Show how to ensure splice quality using real-time diagnostics, precision cleavers, and advanced
imaging tools, while sealing splices with heat-shrink or cold-shrink closures for protection.
Demonstrate how to perform micro and nano fiber splicing using specialized tools and document
splicing details digitally.

Show how to use Al-enabled OTDR for fault detection and accurate loss measurement, and test
signal quality with tools like OSA, CD analyzer, and PMD analyzer.

Demonstrate how to verify performance KPls, generate automated reports for monitoring and
compliance, and maintain documentation for network optimization.




Fiber to-the Home (FTTH/X) Installer

UNIT 4.1: Fundamentals of Optical Fibers and Light Transmission

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the structure, types, and materials of optical fibers, including core, cladding, jacket, and
optical properties such as attenuation, dispersion, and wavelength.

2. Discuss the basic physics of light transmission in optical fibers and how it affects signal
performance.

3. Explain the advanced characteristics of optical fibers and the features and functions of advanced
splicing/testing machines.

4. Describe the regulatory compliance practices for optical fiber installation and maintenance, and
their impact on network planning and design.

— 4.1.1 Understanding Splicing in Fiber Networks

Splicing is the process of joining two fiber optic cables together so that light signals can pass through
smoothly without high loss.
Good splicing ensures:
* Low signal loss
* Strong and long-lasting joints
* Stable network performance
There are three common splicing methods:
1. Mechanical Splicing
2. Fusion Splicing
3. Ribbon Splicing
We also learn to use automatic fusion splicing machines, which which reduce errors and help achieve
high-quality splices.
1. Mechanical Splicing
A mechanical splice uses a small alignment sleeve or V-groove clamp to hold two fiber ends in line.
Steps
» Strip the fiber to expose the glass core.
* Clean the fiber with IPA (Isopropyl Alcohol).
* Cleave the fiber with a precision cleaver.
* Insert both fiber ends into the splice holder.
* Tighten the clamp to align the fibers.
* Apply a protective sleeve to protect the joint.
Where Used
* Quick temporary repairs
* Emergency restoration
* Customer-end small joints
Advantages
* No machine required
e Fastinstallation

—_______o___________
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Limitations

* Higher signal loss than fusion splicing

* Not suitable for long-distance backbone links
2. Fusion Splicing (with Automation)

The fiber cores are aligned automatically and then joined using an electric arc, making a permanent joint
with very low loss.

Parts of a Fusion Splicer

Component Function

Alignment System (Core/Clad) Automatically aligns fiber ends
Electrode Arc Chamber Melts and fuses fibers

LCD Touch Display Shows splice quality & instructions
Heating Slot Shrinks protection sleeve

Step-by-Step Splicing Procedure
1. Prepare the Fiber

e Strip outer jacket

* Clean the bare fiber

e Cleave with a precision cleaver
2. Insert Fiber into Splicer

* Place each fiber end in V-grooves

* Close the lid gently
3. Automatic Alignment

* The machine aligns fibers automatically using sensors and a camera.
4. Fusion (Arc Splice)

* Press the START key - machine melts and joins the fibers.
5. Apply Heat Shrink Sleeve

* Place the splice joint into the heater

* Heat to seal and protect the joint

—______n____________



Participant Handbook

Machine Automation Benefits

Feature Benefit

Auto alignment Reduces human error

Auto arc calibration Ensures perfect heating strength
Splice loss estimation Helps verify splice quality
Automatic fiber detection Prevents wrong fiber positioning

3. Ribbon Splicing
Ribbon fibers contain multiple fibers in one flat strip (ex: 4, 8, 12 fibers).
Ribbon fusion splicing joins all fibers at once.
Where Used
* Long-distance backbone networks
e Data centers
e High-capacity multi-core cabling
Procedure (Simplified)
e Strip ribbon fiber carefully (not individually).
* Place the ribbon into ribbon fiber clamps.
* Fusion splicer aligns all fibers simultaneously.
* Electric arc fuses multiple fibers at once.
* Apply ribbon protective sleeve and heat-seal.
Advantage
* Much faster for high-fiber networks
* Uniform loss across fibers
Safety Precautions While Splicing
* Always wear safety glasses
* Do not touch fiber shards (they are harmful)
e Use fiber disposal box for glass waste

* Do not look into live fiber (laser risk)
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—- 4.1.12 Regulatory Compliance in Optical Fiber Installation and -
Maintenance

When fiber optic networks are installed or repaired, the work must follow certain government rules,
safety standards, and local permissions. These rules are called regulatory compliance.
The purpose of compliance is to ensure that:
* Workis safe
* Public property and the environment are not damaged
* The fiber network is legal and properly documented
* Theinstalled network can work long-term without interruption
If rules are not followed, the project may face penalties, work stoppage, fines, or removal of already-
installed cables.
1. DoT (Department of Telecommunications) — Right of Way (RoW) Rules
The Right of Way (RoW) rules decide where cables can be installed, such as:
* Alongroads
* Inside footpaths
* Over poles
* Inside ducts or buildings
Before starting installation
The contractor must:
v Apply for permission from local authorities
v’ Submit route plans and maps
v’ Record work timelines and team details
Why RoW Matters in Planning
* Helps select safe routes for fiber paths
* Avoids conflicts with water lines, electric cables, gas pipelines
* Ensuresthe route can be maintained in future
2. BIS (Bureau of Indian Standards) Material Quality Requirements
All fiber materials must meet BIS standards:

Material Requirement

Fiber Cables Must have strong jacket and stable optical
performance

Duct Pipes Must be UV-resistant and strong

Joint Closures Must be waterproof and dustproof

Why it matters:

Good quality material reduces:
* Cable breaks
* Signal loss
* Maintenance cost

I
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3. Permissions from Local Bodies (Municipality / Panchayat / Urban Development)
During installation, work may involve digging or using public pathways.
The team must:
* Take written approval before digging
* Inform the community if roads will be impacted
e Reinstate (repair) the road or footpath back to original condition
In maintenance tasks
Even for repairing a broken cable, approval may still be required if soil or road is disturbed.
4. Environmental Protection Guidelines
Fiber installation should not harm nature.
Workers must:
* Avoid cutting trees unnecessarily
* Prevent blocking drainage water lines
* Reduce dust and noise during digging
e Dispose fiber scraps and protective sleeves safely
This ensures sustainable and safe network development.
5. Safety Documentation and Work Records

During installation and maintenance, certain documents must be recorded:

Document Type Purpose

Route Maps / Site Survey Shows exact fiber path

Daily Work Log with GPS Confirms where work was done
Material Usage Record Tracks cable lengths and closures used
Incident & Repair Reports Shows how faults were handled

Proper documentation ensures:
e Easy maintenance in the future
* No confusion during fault repair
* Network expansion without errors
How Compliance Affects Network Planning and Design
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Compliance Area Effect on Network Planning

RoW Rules Determines cable route selection
Material Standards Ensures long-term network durability
Local Body Permissions Influences trenching & installation method

(micro-trenching, aerial, ducting)

Environmental Guidelines Helps select eco-friendly & safer routes

Documentation Helps in future network upgrades and
troubleshooting

Example
If an area has strict digging restrictions >
The design team will choose Aerial Fiber (ADSS Cable) or Micro-Trenching instead.
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UNIT 4.2: Splicing Techniques, Tools, Preparations & Field
Application

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Elucidate different splicing techniques (mechanical, fusion, twist, etc.), their applications, and best
practices for minimizing splice loss and ensuring joint durability.

2. Describe the tools and equipment used for splicing (fusion splicers, inspection tools, smart
cleavers, etc.) and proper handling of splicing consumables.

3. Describe the use of fiber pigtails, connectorized fiber, routing inside junction boxes, and the
various fiber jointing techniques.

4. Demonstrate how to manage splicing consumables like joint kits, connectors, heat shrink sleeves,
and fiber optic enclosures.

5. Show how to prepare optical fibers for splicing by removing jackets, cleaning cores with
automated systems, and securing cables within bend radius and stress limits.

6. Elucidate the advanced fusion splicing process, including fiber preparation, splicing machine
operation, and ribbon fiber splicing techniques.

7. Discuss the proper use of splice closures (heat shrink vs. cold shrink) and sealing techniques for
weatherproofing in various environments.

8. Demonstrate how to operate fusion splicing machines with automation to minimize errors, and
perform various splicing methods (mechanical, fusion, ribbon, etc.) for different applications.

9. Explain the techniques and applications of crimp splicing, particularly in hybrid networks.

10. Demonstrate how to perform micro and nano fiber splicing using specialized tools and document
splicing details digitally.

— 4.2.4 Techniques and Applications of Crimp Splicing,
Particularly in Hybrid Networks

Crimp splicing is a method of joining fiber optic cables by using a mechanical crimp connector that
holds the fiber in place. Unlike fusion splicing—which uses heat to permanently melt fibers together—
crimp splicing is quick, field-friendly, and reusable, making it suitable for installations where fast
restoration or temporary fiber joints are required. In modern hybrid networks (mixed fiber and copper
systems), crimp splicing helps technicians connect drop fibers to customer premises equipment

efficiently.
Aspect Details

What is Crimp Splicing? A mechanical method where the fiber end is
inserted into a connector ferrule and fixed by
tightening (crimping) using a crimping tool. No
heating is required.

Key Components Crimp connector, polishing film, cleaver, fiber
cleaning tools, crimping tool.

—_______o____________
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Process Steps 1) Strip fiber coating - 2) Clean fiber - 3) Cleave
fiber precisely = 4) Insert into connector - 5)
Crimp using tool - 6) If required, polish endface.

Advantages Faster installation, no electricity/heating required,
field-service friendly, reusable, low risk of fiber
damage.

Limitations Slightly higher insertion loss compared to fusion

splicing, requires precise cleaving and alignment.

Applications in Hybrid Networks - Connecting Fiber to Copper-based ONU/ONT
housings

* Drop connections in FTTH last-mile customer premises
* Temporary fiber repairs during network maintenance

* Quick termination in patch panels and distribution boxes |

— 4.2.5 How to Perform Micro and Nano Fiber Splicing Using —
Specialized Tools and Document Splicing Details Digitally

Modern fiber networks now use micro and nano fibers, which are thinner and more flexible, enabling
high-capacity transmission in compact spaces. Splicing such fibers requires precision tools, automated
alignment, and careful handling to avoid micro-fractures. Digital documentation of splice parameters
ensures quality control, traceability, and network maintenance records.

Aspect Description

Micro/Nano Fibers These fibers have smaller diameters (e.g., 80um or below) used in high-
density networks, data centers, and advanced FTTH installations.

Splicing Requirement High-precision cleaving and automatic core alignment fusion splicing
machines.
Tools Used Micro-fiber cleaver, automated fusion splicer, fiber holders, inspection

microscope, digital OTDR/splice recorder.

Splicing Process
1) Prepare and clean fiber under magnification

2) Use micro cleaver for accurate cut

3) Place in fusion splicer with auto core alighment
4) Run fusion arc cycle

5) Protect splice with micro heat-shrink sleeve

6) Inspect splice loss using OTDR.

Digital Documentation Fusion splicer and OTDR can automatically save:
e Splice ID Number

e Splice Loss (dB)

e Location coordinates

¢ Technician name/date

* Network segment reference

Importance of Digital Records Helps in maintenance, fault tracing, performance monitoring, and
warranty/quality audits.
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UNIT 4.3: Smart Network Integration, Fault Management &
Performance Optimization

Unit Objectives |@

By the end of this unit, the participants will be able to:

1.

10.

11.

12.

13.

14.

15.
16.
17.

18.

19.

20.

Demonstrate how to check the availability and functionality of advanced optical testing tools such
as OTDR, power meter, OSA, CD analyzer, and PMD analyzer.

Discuss integration of splicing tasks with loT-enabled smart network management systems, cloud-
based monitoring, and remote troubleshooting.

Demonstrate coordination with NOC for outage windows and perform inspection, cleaning, re-
splicing, and weatherproofing to restore service.

Show how to use Al-enabled OTDR and advanced analyzers (OSA, CD, PMD) for loss measurement
and quality testing.

Demonstrate how to verify KPls, generate automated compliance reports, and maintain
documentation for network optimization.

Discuss techniques for splicing in challenging environments (outdoor, submarine, underground)
and how to mitigate environmental effects.

Demonstrate how to check availability and functionality of advanced optical testing tools (OTDR,
power meter, OSA, CD & PMD analyzers).

Show how to check for availability and manage advanced splicing tools (automated splicers,
robotic arms, cleavers, inspection tools).

Demonstrate how to manage splicing consumables (joint kits, connectors, heat-shrink sleeves,
enclosures).

Show how to ensure calibration, firmware updates, and repair coordination for splicing and
testing equipment.

Demonstrate how to locate and identify fibers for splicing using mapping tools and network plans
and check physical damage with inspection tools.

Show how to prepare optical fibers for splicing (removal, cleaning, bend radius control, stress
management).

Demonstrate installation of closures, splitters, pigtails with weatherproofing and documentation
compliance.

Elucidate the advanced fusion splicing process including ribbon splicing and machine
configuration.

Discuss proper use of splice closures (heat shrink vs. cold shrink) and sealing for weatherproofing.
Explain techniques and applications of crimp splicing in hybrid networks.

Show how to identify fiber faults using OTDR, robotic arms, OFls, and smart cleavers in tough
environments.

Demonstrate operation of automated fusion splicing machines and perform mechanical, fusion,
and ribbon splicing.

Show how to ensure splice quality using real-time diagnostics, precision cleavers, advanced
imaging, and seal closures.

Demonstrate micro and nano fiber splicing using specialized tools and document results digitally.
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_ 4.3.5 Advanced optical testing tools such as OSA, CD
Analyzer, and PMD Analyzer

In high-speed fiber networks (like FTTH, Metro Fiber, and 5G backhaul), signal quality needs to be
checked beyond simple power loss measurements. For this, advanced optical testing tools are used.
These include Optical Spectrum Analyzer (OSA) for checking signal wavelengths and power, Chromatic
Dispersion (CD) Analyzer for measuring signal distortion due to fiber length and wavelength spread,
and Polarization Mode Dispersion (PMD) Analyzer for detecting delays caused by fiber manufacturing
or bending stress. A technician must know how to verify that these tools are working properly and
available before testing the network.

Detailed Explanation

Tool Name Full Form Purpose Where Used
OSA Optical Spectrum Measures optical signal power across | DWDM, GPON, CATV,
Analyzer wavelengths Data centers
CD Analyzer Chromatic Dispersion Measures signal spreading in fiber Long-distance fiber,
Analyzer due to wavelength dispersion backbone networks
PMD Analyzer | Polarization Mode Measures time delay between High-speed networks
Dispersion Analyzer polarization modes (10G, 40G, 100G links)

Demonstration Steps
A. Checking Availability and Physical Condition
1. Locate the testing tool in the optical test equipment storage area.
2. Verify equipment labeling, calibration date sticker, and model number.
3. Checkfor:
* Power cable and charger
* Optical patch cords (clean and unbroken)
* Connectors/adapters compatible with fiber type (SC/APC, SC/UPC, LC)
4. Ensure the device battery is charged or connect to power supply.

B. Powering ON and Basic Functionality Check

1 Press Power ON and allow device boot-up.

2 Observe display screen for any error/warning messages.

3 Navigate to the menu/settings to verify firmware and calibration date.
4 Check whether laser safety warnings are displayed.

5 Perform self-test (most devices have automatic start-up diagnostics).
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C. Connector and Port Cleaning Before Use

e Use Isopropyl Alcohol (IPA 99%) and lint-free wipes.

e Use fiber cleaning stick or one-click cleaner to clean ports.

e Inspect end-face with fiber inspection microscope (ensure no dust scratches).

Tool-Specific Functional Verification (Tabular Format)

Tool

Optical Spectrum

Connection Setup

Connect fiber/light

Operation/Mode to Parameter to

Select

Select Wavelength

Observe

- Wavelength peaks

Expected Functional
Result

Spectrum graph

Analyzer (OSA) source to OSA Input | Scan or PON/GPON | - Signal Power should appear
Port using clean Analysis Mode (dBm) stable and
patch cord - Spectrum Shape continuous without
abrupt noise spikes;
wavelength peaks
should match
network design
values.
Chromatic Connect Fiber Select CD CD Value displayed | Values should fall
Dispersion (CD) Under Test to CD Measurement Mode | in ps/nm within acceptable
Analyzer analyzer input and run scan across limits for fiber type

1310/1490/1550
nm

and link distance;
readings should
remain stable and
repeatable.

Polarization Mode
Dispersion (PMD)
Analyzer

Connect test fiber or
link to PMD analyzer
port

Select PMD Test
Mode

PMD Value
displayed in ps
(picoseconds)

PMD value should
be within tolerance
for network speed
class (e.g., < 10 ps
for 10G systems),
and reading should
be steady, not
fluctuating
excessively.

Additional Reminder

Before performing any measurements:

e Clean all connectors and ports.

* Verify calibration date.

* Ensure device battery is sufficiently charged.
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— 4.3.6 Integration of Splicing Tasks with loT-enabled Smart ——
Network Management Systems, Cloud-based Monitoring,
and Remote Troubleshooting

As fiber networks grow larger and more complex, service providers are using digital tools to monitor
and manage network performance. Splicing activities, which involve joining fiber cables, are now
integrated with loT-based smart monitoring systems, cloud platforms, and remote troubleshooting
software. This integration allows technicians and network operation centers (NOCs) to track splice
quality, detect faults automatically, and maintain records without manual paperwork. It improves
network efficiency, reduces downtime, and helps in predictive maintenance.

Aspect Description

loT-enabled Smart loT sensors and intelligent optical network units (ONUs) collect real-time

Monitoring data such as signal loss, fiber break alerts, and temperature variations at
splice points.

Cloud-Based Monitoring Measurement results from fusion splicers, OTDR tests, and power meters

Platforms are uploaded to secure cloud dashboards. Network teams can analyze

splice quality and verify installation remotely.

Remote Troubleshooting Technicians in the field can collaborate with NOC engineers using apps and
Tools digital splicing logs. Problems such as high splice loss, connector faults, or
microbending can be diagnosed without physical site visits.

Real-Time Performance Cloud and loT systems continuously monitor optical signal levels. Any

Tracking deviation from the normal range triggers alerts and supports preventive
action.

Integration with Digital Splice IDs, fiber route maps, and test results are stored in centralized

Records databases. This ensures traceability, quality compliance, and faster repair

during outages.

Practical Examples for Learner Understanding
* A fusion splicer with Bluetooth uploads splice loss values automatically to a cloud server.
* An loT sensor installed in a fiber distribution hub sends an alert when temperature increases,
indicating potential damage.
* A remote engineer checks OTDR traces over a web dashboard and guides the on-site technician
to rework a faulty splice.

— 4.3.7 Coordination with NOC for Outage Windows andto ——
Restore Service

During a fiber network fault or planned maintenance, coordination with the Network Operations
Center (NOC) is essential. The NOC monitors network health and controls service availability. Before
performing any work on live fiber, the field technician must obtain an outage window, follow
communication protocols, and ensure service disruption is minimized. The technician then inspects
fiber joints and connectors, cleans optical interfaces, re-splices damaged fiber if needed, and applies
proper weatherproofing to protect the restored connection from environmental damage.
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Stage

1. Coordination with
NOC for Outage
Window

Activity / Step

Contact NOC via
approved channel (call,
ticketing system, or app)
to report fault and
request maintenance
time slot.

Tools / Equipment

Mobile device,
communication app,
NOC ticketing system

Purpose / Expected
Outcome

Obtain outage approval
and prevent service
overlap.

Share details like fiber
route ID, ODF/FDH
location, and customer
impact.

Work order / network
map

Helps NOC identify
affected area and
authorize safe access.

Maintain
communication with
NOC throughout repair.

Mobile/radio
communication

Ensures real-time
updates and quick fault
confirmation.

2. Site Inspection

Inspect fiber joint
closure, ODF, or FDH for
physical damage, loose
connectors, or moisture.

Flashlight, inspection kit

Identify visible sources
of failure.

Trace and verify correct
fiber route using labels
or diagrams.

Route map, labeling
guide

Prevent accidental
disconnection of live
fibers.

Use OTDR or Visual
Fault Locator if required.

OTDR, VFL

Pinpoint exact location
of fiber break or high
loss.

3. Cleaning Optical
Interfaces

Clean connectors and
ferrules using IPA and
lint-free wipes.

IPA (99%), lint-free
wipes, connector
cleaner

Remove dust or oil to
minimize insertion loss.

Inspect end-face for
contamination or
scratches.

Fiber inspection
microscope

Ensure clean surface
before reconnection or
splicing.

4. Re-Splicing Procedure

Strip fiber coating safely
without damaging the
core.

Fiber stripper

Prepare fiber for precise
splicing.

Clean and cleave fiber
ends accurately.

Cleaver, IPA, wipes

Ensure flat and smooth
fiber end-face.

Align and splice fibers
using fusion splicer.

Fusion splicing machine

Achieve low-loss optical
joint (< 0.1 dB).

Apply protective sleeve
and heat-shrink to
secure splice.

Splice protection sleeve,
heater

Provide mechanical
protection and strain
relief.




eemeeess Participant Handbook

5. Weatherproofing and
Closure Sealing

Arrange spliced fibers
neatly inside splice tray.

Splice tray, cable ties

Prevent bending stress
and maintain order.

Seal closure using
gaskets, gel, or clips to
protect from moisture.

Closure kit, sealing gel,
tightening tools

Ensure long-term
reliability against
weather and dust.

6. Service Restoration
and NOC Confirmation

Inform NOC that
restoration work is
complete.

Communication system

NOC verifies link
stability and service
restoration.

Record splice loss, OTDR
trace, and closure
details.

Test report sheet, OTDR

Maintain accurate
documentation for
future reference.

Receive final clearance
from NOC before
leaving site.

Confirms network
stability and completion
of task.

4.3.8 Al-enabled OTDR and advanced analyzers (OSA, CD, —
PMD) for Loss Measurement and Quality Testing

Modern fiber networks require accurate testing to ensure that optical signals travel with minimum loss
and distortion. Al-enabled OTDR and advanced analyzers such as Optical Spectrum Analyzer (OSA),
Chromatic Dispersion (CD) analyzer, and Polarization Mode Dispersion (PMD) analyzer are used to
measure the performance of fiber links. The Al-enabled OTDR automatically identifies faults, connector
issues, and splice losses, while the other analyzers check signal quality for high-speed transmission. A
technician must know how to connect, operate, interpret readings, and record data for quality
assurance.

Tool Purpose Output

Distance trace graph and loss
values

Locates faults and measures
splice and connector loss

Al-enabled OTDR

OSA (Optical Spectrum Measures signal power and Spectrum graph and signal

Analyzer) wavelength distribution power levels

CD Analyzer Measures wavelength spreading [ CD value in ps/nm
due to fiber length

PMD Analyzer Measures signal delay caused PMD value in ps

by polarization differences
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Stage

Preparation

Action

Clean connectors and
ports

Step-by-Step Demonstration Guide (Single Table Format)

Procedure

Use lint-free wipes, IPA,
and one-click cleaner
before connecting fiber

Output to Observe

Clean end-face ensures
accurate readings

Al-Enabled OTDR
Testing

Connect OTDR to fiber
under test using correct
patch cord

Select auto-test or
intelligent mode; set
wavelength (1310/1550
nm)

OTDR trace showing
fiber length, splice
points, and loss values

Al-Enabled OTDR
Interpretation

Let Al analysis identify
issues

View automatic
markers (splice loss,
macro-bend, connector

Fault type and location
highlighted
automatically

PMD analyzer port

cycle

fault, fiber break)
OSA Test Connect OSA input to Run wavelength scan or | Spectrum peaks and
light source or active PON analysis mode signal power levels at
PON output specific wavelengths
CD Test Connect fiber to CD Run scan across CD value in ps/nm;
analyzer input multiple wavelengths should match
(1310/1490/1550 nm) | acceptable link limits
PMD Test Connect fiber link to Run PMD measurement | PMD value in ps;

stability indicates good
fiber quality

Recording Results

Save and document
readings

Export data to
USB/cloud or update
testing record sheet

Ensures traceability and
future troubleshooting
support

Practical Interpretation (Field Technician Perspective)

Condition Observed

High splice loss (> 0.1 dB)

dirty fiber

Improper splice alignment or

Meaning

Corrective Action

Re-clean, re-cleave, and re-
splice

Irregular spectrum in OSA

Fault in transmitter or
wavelength drift

Report to NOC for equipment
calibration

High CD value

type

Link too long or wrong fiber

Add dispersion compensating
module (done by
NOC/engineers)

High PMD value

Fiber bending stress or aging

Replace faulty section or reduce
cable pressure
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— 4.3.9 Demonstrate How to Verify KPIS, Generate Automated—
Compliance Reports, and Maintain Documentation for
Network Optimization

To ensure that fiber networks perform efficiently, technicians must measure and verify certain Key
Performance Indicators (KPIs). These KPIs indicate the health of the network and overall user
experience. Modern network management systems and field-testing tools can automatically generate
compliance reports based on test results. Accurate documentation helps in performance tuning,
preventive maintenance, and quick troubleshooting. Proper records also support audits and network
optimization tasks carried out by the Network Operations Center (NOC).

Key KPIs for Fiber Network Quality

KPI Name Meaning Typical Acceptable Range
Optical Power Level Strength of signal received -8 dBm to -28 dBm (varies by
equipment)
Splice Loss Loss introduced at each splice <0.05t00.1dB
point
Connector Loss Loss at connectors due to <0.2dB

alignment/cleanliness

Signal-to-Noise Ratio (SNR) Quiality of transmitted signal Higher SNR indicates better signal
quality
Latency Time taken for signal to travel Lower latency is better; depends
on distance
PMD/CD Values Effect of polarization and Should remain within network-
wavelength dispersion defined thresholds

To ensure that fiber networks perform efficiently, technicians must measure and verify certain Key
Performance Indicators (KPIs). These KPIs indicate the health of the network and overall user
experience. Modern network management systems and field-testing tools can automatically generate
compliance reports based on test results. Accurate documentation helps in performance tuning,
preventive maintenance, and quick troubleshooting. Proper records also support audits and network
optimization tasks carried out by the Network Operations Center (NOC).

Key KPIs for Fiber Network Quality
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Step-by-Step Demonstration Guide (Single Table Format)

Stage Task/Action

Measure Power Levels and
Losses

KPI Measurement

Procedure Output / Result

Displays loss and signal
level values for analysis

Use Power Meter, OTDR,
and fusion splicer logs

KPI Verification Compare measured KPls
with standard threshold

values

Confirms if fiber link
meets required quality

Refer to network KPI
standards provided by
NOC or service provider

Report Generation Use testing device or cloud
tool to auto-generate

report

Report summarizing link
length, splice points,
losses, and event
locations

Export measurement
data from
OTDR/analyzer to
laptop/mobile app/cloud
dashboard

Ensure report values
match network
performance standards

Compliance Check

Determines whether link
is service-ready or needs
improvement

Highlight any deviations
for correction or future
maintenance

Documentation Update maintenance logs
and network database

records

Maintains traceability
for audits and future
troubleshooting

Enter fiber ID, location,
date, technician name,
and test results into
digital or physical logs

Network Optimization
Feedback

Share findings with NOC
for routing or signal tuning
adjustments

Submit report and
suggestions to NOC via
email or ticket system

Helps in long-term
network performance
enhancement

How Documentation Supports Network Optimization

Benefit Explanation

Faster Fault Recovery

Accurate records help identify and repair faults
quickly

Preventive Maintenance

Performance trends indicate when fibers need
rework before failure

Data-Driven Decisions

NOC uses KPI history to tune network and
allocate bandwidth

Compliance and Audit Proof

Demonstrates quality work and adherence to
standards
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* Practical Example for Learner Understanding

* Technician completes OTDR testing on a fiber link.

* Test values are uploaded automatically to a cloud-based reporting system.

* The system generates a compliance report showing splice loss, connector conditions, and total link

quality.

* Technician verifies values and updates the maintenance log.

* =NOC reviews the data and confirms network optimization actions if needed.

And Its Mitigatation

Fiber splicing is not always performed in controlled indoor rooms. Many fiber routes pass through
harsh and difficult environments such as open outdoor areas, underground ducts, and even undersea
cables. These environments expose fiber to moisture, temperature changes, pressure, and physical
stress. A technician must know how to protect the fiber, use proper enclosures, maintain cleanliness,
and follow safe handling practices to ensure long-term network reliability.

Techniques and Considerations in Different Environments

Environment

Challenges

Splicing Techniques

—4.3.10 Techniques for Splicing in Challenging Environments —

Environmental
Mitigation Measures

Outdoor (Aerial poles,
open streets, roadside)

Exposure to dust, rain,
wind, uneven working
space

Use portable splicing
tent or wind shield;
keep fusion splicer on
stable surface; use field-
grade splice sleeves

Weatherproof joint
closures, UV-resistant
tapes, cable slack loops
to prevent strain from
wind

Underground
(Manholes, ducts,
handholes)

Moisture, confined
space, poor lighting,
insects, mud

Ensure manhole is
cleaned and ventilated;
place splicer on raised
dry platform; clean fiber
thoroughly before
splicing

Use water-blocking gel,
corrosion-resistant
closures, proper
drainage, and seal ducts
to prevent water ingress

Submarine or Coastal
Fiber (Marine shore
landing stations)

High humidity, saltwater
corrosion, pressure
variations, cable
reinforcement layers

Splicing done in
controlled cable ships or
landing stations using
high-strength fiber
jointing; precision
stripping and re-coating
required

Use pressurized joint
housings, anti-corrosion
materials, hermetic
sealing, and thermal
protection layers

High Altitude / Extreme
Temperature Zones

Temperature
fluctuations causing
fiber expansion or
contraction

Use temperature-stable
fusion settings and
adjust arc calibration
accordingly

Thermal insulation
wraps, strain relief
clamps, and climate-
resistant closures
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General Best Practices for Splicing in Harsh Conditions

Practice Why It Matters How to Do It
Maintain a clean workspace Dust and moisture cause high Use portable tent, waterproof
splice loss mat, clean tools before every
splice

Protect fiber from bending stress | Bending can cause micro-fractures | Use proper slack storage and avoid

and long-term loss sharp bends in tray
Use correct splice sleeves and Protects fiber from breakage and | Always match sleeve size, closure
closures moisture rating, and environmental grade
Verify splice loss after splicing Ensures quality and reliability Use OTDR or splicer loss
estimation; repeat splice if loss is
high

A technician receives a network outage call for an outdoor pole-mounted fiber joint affected by heavy
wind.

Steps to restore:
* Inform NOC and get outage window.
* Set up portable splicing tent to protect equipment from wind.
* Clean fiber ends carefully and re-splice using fusion splicer.
* Store fibers properly in splice tray, close and seal joint closure.
* Use UV-protected insulation tape and cable ties for secure mounting.
* Inform NOC and confirm optical signal stability.

—4.3.12 Advanced Splicing Tools (Automated Splicers, Robotic—
Arms, Cleavers, Inspection Tools)

To ensure high-quality fiber splicing, the technician must first verify that all advanced tools and
equipment are available, functional, and properly calibrated. Automated splicers, robotic fiber
alignment arms, precision cleavers, and inspection microscopes are sensitive instruments. Proper
management includes careful storage, regular cleaning, battery check, calibration verification, and
secure transportation. Good tool management helps maintain low splice loss, reduces errors, and
improves field efficiency.

Step-by-Step Demonstration Guide
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Stage
Tool Availability Check

Action / Task

Identify required tools
for splicing

Procedure

Check toolkit list:
automated splicer,
cleaver, robotic arm
modaule (if used),
inspection scope, fiber
holders, cleaning kits

Notes / Tools

Use equipment checklist
or digital inventory app

Tool Physical Condition
Check

Inspect tools before use

Check screens, hinges,
fiber clamps, electrodes,
and cleaver blade
condition; ensure no
cracks or dust

Replace damaged or
worn parts before
working

Power and Battery
Check

Ensure tools have
sufficient power

Charge automated
splicer and inspection
scope; check spare
battery availability

Avoid field downtime by
charging tools overnight

Calibration Verification

Verify calibration and
settings

Run splicer self-test;
check arc calibration;
adjust cleaver blade
setting if required

Many splicers offer
auto-calibration mode

Cleaning Before Use

Clean optical interfaces
and tool surfaces

Clean fiber clamps, V-
grooves, electrodes, and
inspection scope lenses
using IPA and lint-free
sticks

Ensures accurate
alignment and reduces
splice loss

Tool Organization
During Work

Arrange tools safely at
splicing site

Place splicer on stable
platform; keep cleaver
and cleaning tools easily
accessible; avoid dust or
wind exposure

Use portable splicing
tent in outdoor sites

Post-Splicing Care

Store tools properly
after work

Power off, clean dust,
store in hard protective
case; do not leave tools
in heat or moisture

Extends tool life and
maintains precision

Inventory and Reporting

Update tool usage and
maintenance logs

Record tool usage
hours, cleaning done,
part replacements,
calibration date

Supports accountability
and maintenance
planning

Special Considerations for Advanced Tool
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Tool Type

Automated Fusion Splicer

Key Points for Handling

Keep electrodes clean, lock
fiber firmly, run self-alignment
mode

Common Issues to Prevent

High splice loss due to dust or
worn electrodes

Robotic Splicing Arm / Auto-

Alignment Unit

Ensure stable base and clean
fiber clamps

Misalighment due to dirt or
vibration

Precision Cleaver

Maintain sharp cleaver blade,
clean blade track after use

Poor cleave angle leads to weak
splice

Dust on lens leads to incorrect
judgments

Always clean lens and
connectors before inspection

Inspection Scope (End-face
microscope)

Practical Example
During a field fiber restoration work:
* 1llinstaller checks that automated splicer, cleaver, and inspection scope are available.
* Runsthe splicer’s auto self-test to confirm arc calibration.
* Inspects fiber connectors under inspection scope and cleans them if needed.
* Performs splicing and confirms that splice loss value is within acceptable range.
* After work, technician cleans tools and updates maintenance log.

— 4.3.13 Managing Splicing Consumables (Joint Kits, Connectors,;
Heat-Shrink Sleeves, Enclosures)

In fiber splicing work, the quality and durability of the connection depend not only on the splicing tools
but also on the proper use of consumables such as joint kits, heat-shrink sleeves, connectors, and fiber
enclosures. The Installer must ensure that the right consumables are selected, inspected for quality,
stored properly, and used in the correct sequence during the splicing process. Good consumable
management helps achieve reliable network performance, prevents service disruptions, and reduces
the need for rework or additional repair visits.

Step-by-Step Demonstration Guide

Stage Action / Task Procedure Notes / Tools

Use BOM (Bill of
Materials) checklist

Review work order or
network diagram to
confirm connector type,
sleeve size, enclosure
type, and joint kit model

Determine correct
consumables for the job

Identification of
Required Consumables

Replace damaged or
expired items before use

Check for cracks, dust,
missing parts, moisture
damage; verify
expiry/packing condition

Quality & Condition
Check

Inspect consumables
before use

Cleanliness Check

Ensure consumables are
contaminant-free

Clean connectors,
sleeves, and fiber
pigtails using IPA wipes
and lint-free cloths

Improves signal
performance and
reduces splice loss
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Storage & Protection

Store consumables
safely and dry

Keep inside sealed
pouches or boxes; avoid
exposure to sunlight or
dust; store in toolkit
compartments

Polymer materials
degrade if exposed to
heat/moisture

Handling During Splicing

Use consumables in
correct order

Place heat-shrink sleeve
on fiber before splicing;
use connector matching
fiber and port type;
prepare tray/enclosure
before closing

Prevents rework and
fiber breakage

Protection & Fixing

Secure spliced fibers
properly

Apply heat evenly to
shrink sleeves; arrange
fibers in tray maintaining
bend radius; close and
seal enclosure properly

Ensure waterproofing
and strain relief
especially outdoors

Joint Kit / Closure
Installation

Install and secure joint
kit in field conditions

Fit grommets correctly,
tighten seals, verify
enclosure locking, and
mountin
pole/pit/indoor space

Prevents moisture
ingress and accidental
fiber tension

Post-Work Record
Keeping

Record usage of
consumables

Update consumable log:
type, quantity used,
location, enclosure ID,
remaining stock

Helps maintain inventory
and reduces shortages

Details of Key Consumables

Consumable

Purpose / Use

Handling Guidelines

Common Mistakes to
Avoid

Heat-Shrink Sleeve

Protects fusion splice
from stress and dust

Heat evenly, avoid
moisture; allow full
cooling

Overheating melts
sleeve or weakens fiber

Fiber / Field Connectors

Fiber termination at
ONT/ODF/Joint points

Always clean ferrule
end-face before
connection

Using without cleaning
leads to high insertion
loss

Joint Kit / Splice Closure

Protects multiple splices
and seals cable joints

Ensure correct sealing
and cable entry size

Poor sealing causes
moisture intrusion

Fiber Enclosure /
Distribution Box

Houses connectors,
splitters, pigtails

Maintain bend-radius
and keep routing neat

Overstuffing or sharp
bends cause signal loss
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Practical Example (Field Scenario)
* During FTTH drop cable repair, the Installer:
* Identifies required consumables: heat-shrink sleeves, mini joint enclosure, and splice tray

holders.

* Inspects sleeves and enclosure for moisture and physical damage.
* Cleans connectors using IPA wipes.
* Performs splicing and secures splice with heat-shrink protection.
* Places fibers in splice tray, ensures bend-radius, and seals the enclosure properly.
* Records consumable usage in work log or mobile reporting app.

_4.3.14 Calibration, Firmware Updates, and Repair

Coordination for Splicing and Testing Equipment

Splicing machines and fiber testing instruments are precision devices. Their performance depends on
proper calibration, updated firmware, and timely repair or servicing. Calibration ensures that the
machine aligns fiber cores accurately and measures losses correctly. Firmware updates provide
improved performance, new features, and bug fixes. Repair coordination ensures minimal downtime
by identifying issues early and contacting authorized service centers. An Installer must know how to
check calibration status, perform safe firmware updates, and document repair history.

Step-by-Step Demonstration Guide

Stage

Calibration Check

Action / Task

Verify calibration status
of splicer and testers

Procedure

Turn on equipment - Go to
settings - Check last
calibration date and arc-test
status

Notes / Tools

Most splicers display arc
calibration notification

Perform Arc
Calibration (Fusion
Splicer)

Recalibrate arc
discharge for fiber
alignment

Place clean fiber samples -
Run “Arc Calibration” mode
- Allow machine to auto-
adjust arc power

Ensure fibers and V-
grooves are clean to
avoid calibration errors

Verification of
Measurement
Accuracy
(OTDR/OSA)

Validate reading
accuracy using
reference spools or test
jumpers

Connect known reference
length and compare
measured values with
expected values

Calibration mismatch
indicates need for
service

Firmware Update
Check

Confirm firmware
version of device

Open device settings >
Check firmware version -
Compare with manufacturer’s
website or app

Do not update firmware
on low battery

Safe Firmware
Update

Apply firmware updates
using official sources

Connect device to PC/mobile
- Use authorized update
software - Follow
instructions without turning
device off

Avoid using unofficial
firmware to prevent
malfunction
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Repair Identification Identify equipment Look for symptoms: Record observed issues
issues early misalignment, high for troubleshooting
splice loss, slow heating, | clarity

inaccurate OTDR trace

Repair Coordination Contact authorized Note model and serial Keep copy of service
service center and number - Fill service documentation
prepare device for request form - Pack
shipping device in cushioned case

- Send with job log

Post-Repair Verification | Confirm device Re-run calibration, Update maintenance
operation after repair perform sample splicing | records and next service
or test trace, and verify | due date

accurate output
readings

Common Equipment and Their Calibration Requirements

Indicators Requiring

Equipment Calibration Need Typical Frequency Immediate Calibration
Fusion Splicer Arc power, Monthly or after ~500 | High splice loss or poor fiber
alignment splices alignment
parameters
OTDR Optical Every 6—12 months Incorrect distance or loss
measurement readings
accuracy
Optical Power Meter | Power Every 6—12 months Reading deviates compared to
measurement reference meter
accuracy
Inspection Focus and clarity As required Unable to view fiber end-face
Microscope clearly

Practical Field Example
An Installer notices that splice loss readings are consistently higher than expected. The Installer:
1. Cleans fiber clamps, V-grooves, and electrodes.
Performs arc calibration.
Tests sample splices and checks loss level again.
If the issue persists, updates the firmware.
If still unresolved, contacts the authorized service center and records the issue in the maintenance
log.
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_4.3.15 Locate and Identify Fibers for Splicing Using Mapping __
Tools and Network Plans and Check Physical Damage With
Inspection Tools

Correct fiber identification is essential to avoid accidental service disruption during installation or
repair. The Installer must be able to read network plans, fiber routing maps, labeling tags, and color
codes accurately. Mapping software or OSP design diagrams help locate the correct cable route and
fiber number. Once identified, the fiber must be visually inspected using fiber inspection scopes,
connector microscopes, and physical checks to detect cracks, breaks, scratches, or dirt. Accurate fiber
identification and careful inspection ensure correct splicing and prevent errors that may result in

network outages.

Step-by-Step Demonstration Guide

Stage

Retrieve Network Plan

Action / Task

Access network
diagrams or digital
mapping tools

Procedure

Check OLT/ODF port
mapping, fiber number,
color code charts, and
splice route

Notes / Tools

Use NOC-provided
map, GIS app, or
printed OSP diagram

Cable Route
Verification

Trace cable path
physically and compare
with map

Follow aerial/pole
route, duct path,
manhole entries, OFC
tags

Look for cable ID labels
attached at intervals

Fiber Identification by
Color Code

Identify individual fiber
using color coding

Follow standard color
sequence: Blue,
Orange, Green, Brown,
Slate... etc.

Match both ends to
ensure correct fiber
pair

Tag and Label
Validation

Confirm labeling
accuracy on splice trays
and connectors

Check enclosure labels,
tray numbers, and
patch panel tags

If mismatched, update
labels immediately

Physical Cable
Inspection

Inspect cable sheath
and protection layers
for damage

Look for cuts, bends,
rodent bites, crushed
spots

Damaged sections
require repair before
splicing

Fiber End-Face
Inspection

Use fiber inspection
scope to check
cleanliness and
condition

Insert connector into
inspection scope and
observe for dirt,
scratches, cracks

Clean only with IPA +
lint-free wipes; do not
touch lens

Cleaning Procedure (If
Needed)

Clean fiber end faces
properly

Apply small amount of
IPA = wipe straight
direction = dry before
use

Never clean in circular
motion

Final Confirmation
Before Splicing

Verify fiber is correct
and damage-free

Match fiber number +
route + color + physical
status

Only proceed to
splicing after full
verification
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Mapping Tools and Reference Materials Used

Tool / Document Purpose Example
Network Fiber Route Map Shows path from OLT to ONT Printed or PDF OSP Diagram
Port Mapping Sheet Shows port-to-fiber association | ODF/OLT Port Assignment Table

Provides live field network

GIS / Smart Network App Used by NOC and field teams

routing
Fiber Color Code Chart Helps confirm fiber identity Standard 12-Fiber Color
Sequence Card
Inspection Tools Used
Inspection Tool Purpose What to Look For
End-Face Microscope / View fiber core and ferrule Dust particles, scratches, cracks
Inspection Scope condition
Visual Fault Locator (VFL) Check continuity and locate Light leakage indicates fault
breaks point
Fiber Cleaning Kit Clean connectors and bare fiber | Use only lint-free swabs and IPA
surfaces

Practical Field Example

During FTTH repair work at a distribution box:

The Installer opens the OSP route map to locate the correct cable segment.
Confirms the fiber number using the standard color code sequence.

Uses a VFL to confirm fiber continuity.

Uses an inspection scope to view the connector end-face and detects dust.
Cleans the connector using IPA wipes and rechecks cleanliness.

Confirms fiber identity and begins splicing only after verifying no damage.
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_4.3.16 Advanced Fusion Splicing Process Including Ribbon __
Splicing and Machine Configuration

Fusion splicing is the process of permanently joining two optical fibers by melting their ends together
using controlled electric arc heat. Advanced splicing techniques focus on improving speed, precision,
and consistency. Modern splicers allow configuration of arc settings, alignment modes, fiber type
selection (single-mode, multi-mode), and environmental compensation. Ribbon splicing is used in high-
capacity networks where multiple fibers (often 4, 8, or 12 fibers) are spliced together at once,
increasing efficiency and reducing installation time. Understanding how to configure the splicing
machine and handle ribbon fibers ensures low splice loss and stable network performance.

Iy
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Step-by-Step Demonstration Guide (Single Table Format)

Stage

Preparation of Fiber

Action / Task

Strip, clean, and
cleave fiber ends

Procedure

Use fiber stripper = clean
with IPA = cleave with
precision cleaver

Notes / Tools

Cleanliness is crucial to
avoid splice loss

Machine
Configuration

Select appropriate
splicing mode

Go to machine menu -
select fiber type (SM/MM),
splice mode (auto/manual),
and heating time

Use manufacturer
default settings unless
instructed

Alignment Mode
Selection

Set alighment type
based on fiber
quality

Choose: Core Alignment
(high precision), Cladding
Alignment (general use)

Core alignment
provides lower loss and
is preferred

Arc Calibration

Adjust arc power
for local conditions

Run arc calibration using test
fibers to auto-set power and
duration

Needed when
environment changes
(humidity,
temperature)

Fiber Loading

Place fibers
correctly in
machine V-grooves

Ensure fibers are clean,
aligned, and have correct
length placement

Misalignment increases
insertion loss

Fusion Splicing Process

Run automatic
fusion process

Machine aligns fibers = arc
heat melts ends - fibers
fuse - splice completes

Do not open lid or
shake machine during
process

Splice Protection

Protect splice using
heat-shrink sleeve

Slide sleeve over splice =
place in heater - allow to
cool before handling

Prevents bending and
physical damage

Ribbon Splicing (Multi-Fiber Splicing)

Step
Ribbon Fiber
Preparation

Action

Use ribbon stripper to expose
multiple fibers

Description

All fibers remain parallel and flat

Cleaning Clean all fiber strands together | Use lint-free wipes and IPA

Cleaving Use ribbon fiber cleaver Ensures identical cleave length across all
fibers

Loading into Use ribbon-specific fiber holder | Ensures fibers align in machine at once

Splicer

Fusion Process

Machine aligns and splices all
fibers together using one arc
cycle

cables

Fast and consistent for high-fiber-count

Protection

Apply multi-fiber heat-shrink
protector or tray slot

fibers

Prevents stress and breakage across all
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Ribbon Splicing Advantages:

e Splices 4, 8, or 12 fibers simultaneously

¢ Reduces installation time significantly

e Ensures uniform performance across fiber bundle
Machine Configuration Settings (Common Parameters)

Parameter Purpose Typical Setting

Fiber Type Sets arc power for SM/MM fiber SM (most FTTH), MM (LAN
networks)

Alignment Mode Controls precision of fiber alignment Core alignment recommended
Arc Power Heat intensity for fusion Auto-calibration preferred
Heating Time Sleeve protection heating duration Factory preset recommended
Loss Estimation Measures splice loss automatically Enabled by default
Mode

Practical Field

During a distribution box upgrade, the Installer:

1. Selects the ribbon splice mode in the fusion splicer.

Prepares 8 fibers together in ribbon form.

Runs arc calibration due to outdoor humidity.

Loads all fibers using a ribbon holder and performs ribbon splicing in one step.

Protects the spliced fibers using a multi-core sleeve and secures them in the splice tray.
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_4.3.17 Techniques and Applications of Crimp Splicingin ____

Hybrid Networks

Crimp splicing is a mechanical method of joining optical fibers without using heat or fusion. It is
commonly used in hybrid networks where both copper and fiber cables are present, especially in
situations requiring quick repairs, temporary connections, or when fusion splicing equipment is
unavailable. This method uses a mechanical crimp connector or splice sleeve to hold the fiber ends in
alignment. While fusion splicing provides lower loss and higher durability, crimp splicing is useful for
emergency restorations, rapid field deployment, and environments where power sources for fusion
splicers are limited.

Key Techniques in Crimp Splicing
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Technique

How It Works

Important Steps

Performance
Considerations

Mechanical Crimp Splice

Fiber ends are aligned
using a precision V-
groove inside a crimp
connector

Strip fiber - Clean -
Cleave - Insert ends
into connector - Apply
crimp pressure

Loss may be slightly
higher than fusion;
cleanliness is critical

Field-Installable
Connector Crimping

Used to create field-
based connector
terminations (e.g.,
SC/APC, LC)

Cleave fiber - Insert
into pre-polished
connector - Lock with
crimp tool - Verify with
VFL/OPM

Useful for ONT/ODF
terminationsin FTTH

Hybrid Cable Joint
Crimping

Used where copper-pair
and fiber share the
same cable sheath

Maintain fiber
protection sleeve
routing = Crimp splice
- Secure cable jacket
- Weatherproof
enclosure

Common in telecom
access and enterprise
networks

Emergency and Quick-
Restore Crimping

Used to restore service
rapidly after accidental
fiber cuts

Cut damaged section >
Prepare clean ends -
Use mechanical splice
and joint closure

Often followed by
permanent fusion
splicing later

Applications in Hybrid Networks (Fiber + Copper)

Application Area

FTTH Drop Cable Installations

Why Crimp Splicing is Used

Quick termination at ONT or
wall outlet

Example Scenario

Installing SC/APC drop
connectors in homes

Fiber-to-Wireless (FTTx +
Mobile Tower) Links

Fast deployment during tower
maintenance

Temporary splice to restore
backhaul during repairs

Enterprise LAN + Mixed Media
Networks

Allows on-site termination of
patch cords

Terminating LC connectors on
multimode fibers inside
buildings

Rural and Remote Installations

Used where power supply for
fusion splicers is not available

Splicing in off-grid or temporary
site locations

Emergency Restoration Teams

Used to restore network quickly
after cable cut

Road excavation damage
restoration crews
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Step-by-Step Demonstration (Single Table Format)

Stage Action / Task Procedure Notes
Fiber Strip, clean, and cleave [ Ensure flat & clean cleave to | Avoid fiber touching or
Preparation fiber reduce signal loss bending
Insert into Crimp | Place fiber ends into Ensure fiber ends touch Alignment is critical
Connector mechanical splice or field | lightly inside V-groove
connector
Crimping Use crimp tool to lock Apply controlled pressure; Over-crimping can
connector/splice do not over-crimp break fiber
Protection Apply heat-shrink or Use heating unit or hand Ensures strain relief
protective sleeve sleeve type
Verification Check connection quality | Use Visual Fault Locator or High loss means re-
Power Meter cleave and retry

Performance Notes
e Crimp splicing typically results in splice loss around 0.2-0.5 dB (higher than fusion).
¢ Cleanliness of cleaved fiber ends directly affects signal performance.
e Crimp splicing should be considered temporary in high-capacity backbone networks but is
acceptable for access-drop and last-mile connections.

_4.3.18 Automated Fusion Splicing Machines And Perform
Mechanical, Fusion, And Ribbon Splicing

Splicing joins two optical fibers so that light can pass with minimal loss. Automated fusion splicing
machines are widely used because they align and fuse fiber cores precisely using an electric arc.
Mechanical splicing is used when fast or temporary connections are needed. Ribbon splicing is used
when multiple fibers (4, 8, or 12 fibers) need to be spliced at once, improving efficiency in large-
capacity networks. Understanding how to prepare fibers, set up the machine, align fibers, and protect
the splice is essential to deliver consistent, low-loss fiber connectivity.

Step-by-Step Demonstration Guide

Stage Action / Task Procedure Notes / Tools
Workspace Preparation |Ensure clean and safe  |Set up on stable surface, |Avoid dust, wind,
work environment use splicing tent if vibration
outdoors
Fiber Preparation Strip, clean, and cleave |[Strip coating - Clean Cleanliness directly
fiber with IPA - Cleave using |affects splice quality
precision cleaver
Machine Setup Turn on splicer and Choose SM/MM mode, [Allow machine warm-up
select correct mode auto alignment, and arc |for stability
calibration if needed
Fiber Loading Place fibers in machine |Ensure correct fiber Check fiber end faces
V-grooves length and no dust on | before splicing
clamps
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Splicing Process

Run automated fusion
splice

Machine aligns cores -
Arc heat melts ends -
Splice forms

Do not disturb machine
during arc

Splice Protection

Apply heat-shrink splice
sleeve

Slide sleeve - place in
heater - allow to cool

Protects fiber from
bending or breakage

Final Inspection

Test splice quality

Check splice loss
displayed on splicer;
verify continuity using
VFL or OPM

Acceptable loss is
typically < 0.1-0.3 dB

Mechanical Splicing Procedure

Step

Prepare Fiber Ends

Action

Strip, clean, and cleave

Description

Same fiber preparation
as fusion splicing

Notes

Clean and precise
cleave is essential

Insert into Mechanical
Splice Device

Align fiber ends in V-
groove

Insert both ends gently
until they meet

Avoid touching glass
with fingers

Lock Fiber Using
Crimping Tool

Tighten internal clamp
to secure fibers

Use controlled pressure

Over-tightening can
crack fiber

Verify Transmission

Use VFL or Power
Meter

Check for red light
leakage (faults) or
confirm acceptable loss

Mechanical splices
typically have slightly
higher loss (~0.2—-0.5
dB)

Fusion Splicing Procedure

Alignment Mode
Cladding Alignment

When Used

When budget or equipment is
basic

Performance Level

Good but slightly higher loss

Core Alignment (Auto / PAS
System)

Standard in modern splicers

Best alignment and lowest loss

Ribbon Splicing Procedure (Multi-Fiber Splicing)

Step
Prepare Ribbon Fiber

Action
Use ribbon stripper to expose
fibers

Description
Fibers stay parallel and flat

Clean and Cleave Together

Use ribbon cleaver for equal
cleave length

Ensures uniform splice quality

Load into Ribbon Holder

Place the ribbon in splicer’s
multi-fiber clamp

Prevent twist or separation

Execute Ribbon Splice

The machine aligns all fibers
and fuses them in one arc cycle

Very efficient for high fiber-
count cables

Apply Multi-Fiber Sleeve

Protect the entire bundle at
once

Place in ribbon splice tray
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Where Ribbon Splicing is Used:

Backbone networks, distribution hubs, large ODF racks, FTTN/FTTB feeder sections.
Practical Field Example

During FTTH distribution cabinet installation:

. The Installer strips and cleaves 12-fiber ribbon.

. Selects "Ribbon Mode" on the fusion splicer.

. Performs arc calibration due to high humidity.

. Loads ribbon into multi-fiber clamps and completes ribbon splice.

. Secures ribbon in splice tray, ensuring bend-radius compliance.
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_4.3.19 Ensuring Quality Using Real-Time Diagnostics,
Precision Cleavers, Advanced Imaging, and Seal Closures

Splice quality determines how efficiently light travels through the joined fibers. Poor fiber preparation,
dust, incorrect alignment, or improper protection increases splice loss and can cause network outages.
Ensuring quality involves correct fiber preparation, machine diagnostics, visual inspection, and proper
sealing to prevent moisture and bending stress.

Step-by-Step Guide

Stage / Task
Fiber Preparation
Quality

Demonstration Steps
Strip buffer evenly -
Clean with lint-free wipes +
IPA = Cleave at 90° angle

Tools / Equipment
Precision fiber stripper,
Lint-free wipes,
Isopropyl Alcohol (IPA),
Precision cleaver

Key Quality Indicators
Fiber end face clean, no
cracks, no angle errors

Cleave Accuracy
Check

Place fiber under cleaver
microscope or built-in
inspection tool to verify
flatness of cleave

Precision cleaver with
blade index, Fiber
inspection microscope

Cleave angle £0.5°%;
smooth, mirror-like fiber
end

Machine Real-Time
Diagnostics

Run automatic core
alignment, arc calibration,
and loss prediction before
splicing

Automated fusion
splicer with PAS / Al
alignment

Machine loss estimate
within target (0.02-0.10
dB typical)

Advanced Imaging
Verification

Use fiber inspection scope
or digital probe to check
splice joint and connector
end face

Handheld inspection
microscope or digital
video probe

No scratches, no dust,
no air gaps or
misalignment

Splice Strength and
Stability

Place heat-shrink sleeve -
Apply heater cycle
correctly - Allow full
cooling

Heat-shrink protection
sleeve, Heater oven in
splicer

Sleeve centered, no
fiber movement, no
micro-bending

Seal Closure and
Environmental
Protection

Place splice into tray -
Maintain bend radius >
Seal closure with
weatherproof or gel
enclosure

Splice tray,
Dome/Horizontal
closure, Gel seal or heat-
seal closure

Closure fully sealed,
strong mechanical
protection, IP-rated
weatherproof

110




Participant Handbook

Quick Visual Checks Before Closing

e Fiber ends look smooth and mirror-finished after cleaving.
¢ No dust particles visible under scope.

¢ Splice loss on machine display is within acceptable limits.
e Heat-shrink sleeve fits snugly and is centered over splice.
¢ Splice placed properly in tray with no sharp bends.

e Closure sealed airtight and watertight.

_4.3.20 Micro and Nano Fiber Splicing Using Specialized Tools _
and Document Results Digitally

Micro and nano fibers are extremely small diameter optical fibers used in high-density networks, data
centers, high-core-count cables, and advanced sensing systems. Their core size is smaller than standard
single-mode fibers, which requires higher precision in alignment, cleaving, and handling. Specialized
micro/nano splicing equipment provides high-magnification imaging, auto-alignment, and low-power
arc settings to ensure accurate splicing. Documentation is recorded digitally for network traceability
and maintenance history.

Tools and Equipment Required

Equipment / Tool Purpose

High-precision micro/nano fusion splicer Performs ultra-fine alignment and arc splicing
Micro and nano fiber cleaver Cleaves extremely small fibers at accurate angle
High-magnification fiber inspection Inspects fiber core and alignment

microscope (digital)

Micro-positioning fiber holders and clamps Stabilizes thin fibers during preparation

UV/heat protection sleeves Protects very small spliced joints

OTDR / OPM / Splice loss analyzer Measures signal loss after splicing

Digital documentation app/software Stores splice ID, loss value, location, and timestamp

Safety and Handling Notes
¢ Never touch the micro/nano fiber ends with fingers; they are fragile and can cause injury.
e Dispose of fiber scraps in a fiber disposal container.
e Avoid vibration, wind, and dust during splicing.
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By the end of this module, the participants will be able to:

Explain Passive Optical Networks (PONs) like GPON, EPON, and Next-Gen PON.

Demonstrate how to identify and assess passive components, including PLC and FBT splitters, for
different deployment environments.

Describe the fundamentals of GPON technology, including architecture, components, and
benefits.

Show how to install wall-mount and rack-mount splitters (1x8, 1x16, 1x32) using precision tools.
Discuss the roles of ONTs, OLTs, and splitters in GPON networks.

Demonstrate how to ensure compatibility of splitters with GPON, XG-PON, and NG-PON2
technologies.

Elucidate Outside Plant (OSP) considerations including routing and environmental protection.
Show how to check installation sites for optimal placement, minimizing loss and complying with
building standards.

Explain advanced transmission mechanisms like WDM and TDMA.

Demonstrate how to configure splitters for WDM and TDMA technologies.

Discuss Wavelength Division Multiplexing (WDM) and high-speed transmission.

Show how to validate and configure advanced WDM/TDMA mechanisms for optimized
bandwidth.

Determine loss budget concepts and best design practices.

Demonstrate how to analyze and calculate loss budgets considering WDM/TDMA.

Analyze the impact of components on loss budgets and optimize designs.

Describe power testing techniques including insertion loss, reflection, and validation.

Show how to conduct insertion loss and reflection testing using OLTS/OTDR.

Show how to measure power output at distribution ports using precision power meters.

Show how to validate network performance parameters for GPON and NG-PON2 compliance.
Discuss fiber management practices (slack, connectors, scalability).

Show how to identify and organize feeder and distribution fiber routing.

Demonstrate fiber management techniques for secure and scalable deployment.

Demonstrate using advanced connectors (SC, LC, APC).

Demonstrate final connector polishing to reduce insertion loss.

Explain emerging diagnostic tools like Al-enabled OTDR & advanced OLTS.

Show how to use Al-enabled diagnostic tools for real-time fault detection and troubleshooting.
Describe safety protocols for optical fiber handling and PPE usage.

Explain best practices for documentation, loss budgets, testing results, and troubleshooting
records.

Show how to install and configure passive components compatible with GPON and NG-PON2
networks.

Demonstrate splitter configuration for broadcast-based GPON deployments.
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UNIT 5.1: Passive Components, Splitters, Fiber Routing &
Management

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Demonstrate how to identify and assess passive components, including PLC and FBT splitters, for
different deployment environments.

Show how to install wall-mount and rack-mount splitters (1x8, 1x16, 1x32) using precision tools.
Discuss the roles of ONTs, OLTs, and splitters in GPON networks.

Discuss fiber management practices (slack, connectors, scalability).

Show how to identify and organize feeder and distribution fiber routing.

Demonstrate fiber management techniques for secure and scalable deployment.

Demonstrate using advanced connectors (SC, LC, APC).

Demonstrate final connector polishing to reduce insertion loss.

Show how to install and configure passive components compatible with GPON and NG-PON2
networks.

10. Demonstrate splitter configuration for broadcast-based GPON deployments.

CONU e WN

—5.1.1 Introduction to FTTH/X Network

FTTH (Fiber to the Home) and FTTX (Fiber to the X) are terms used to describe fiber-optic communication
networks. In a FTTH/X network, optical fibers provide high-speed internet access to individual homes
or businesses, typically through a fiber-optic cable that runs from the service provider's central office
to the end-user's location.

The working of FTTH/X networks can be explained as follows:

e Data transmission: Data is first converted into light signals by an optical modem and then
transmitted through optical fibers. The optical fibers use total internal reflection to keep the light
signals confined within the fiber, which allows them to travel long distances with minimal signal
loss.

e Signal amplification: If the light signals become too weak due to the long distance travelled, optical
amplifiers can be used to boost the signal strength.

¢ Termination: The fiber-optic cable terminates at the end-user's location, where an optical network
terminal (ONT) converts the light signals back into electrical signals that can be used by the end-
user's devices, such as computers and routers.

FTTx
Fiber to the...

Fig. 5.1.1: FTTX network design
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FTTH/X networks are widely used for a variety of purposes, including:

e High-speed internet access: Fiber-optic networks offer faster internet speeds compared to
traditional copper-based networks, making them ideal for applications that require high-bandwidth,
such as video streaming and online gaming.

¢ Telecommunication services: FTTH/X networks can also be used to provide voice and video
telecommunication services, such as voice over IP (VolP) and video conferencing.

e Broadband television: Fiber-optic networks can also be used to deliver television services, including
traditional broadcast channels, on-demand video, and interactive services.

— 5.1.2 Indian Landscape

FTTH/FTTX networks have been gaining popularity in India in recent years as the country aims to
provide high-speed internet access to its growing population.

One of the major initiatives in this regard has been the government's BharatNet project, which aims to
connect all of India's villages with high-speed broadband. Under this project, the government is laying
fiber-optic cables to provide high-speed internet access to rural areas, with the goal of connecting
250,000 villages by 2020.

Several private companies, such as Airtel, BSNL, and Jio, have also been rolling out their own FTTH/FTTX
networks in India. These companies offer high-speed internet access, television, and telecommunication
services to their customers.

In addition, the Indian government has also introduced several policies to encourage the growth of
the FTTH/FTTX industry, including the National Digital Communications Policy 2018 and the National
Broadband Mission. These policies aim to provide a supportive environment for investment in the
sector and to promote the rollout of high-speed broadband networks across the country.

Overall, the growth of FTTH/FTTX networks in India is expected to play a significant role in driving the
country's economic growth and improving access to information and communication technologies for
its citizens.

5.1.3 Components of Optical Fiber Communication

(OFC) Network

In an optical fiber network, components can be classified as either active or passive.

Active components are devices that require power to function and can manipulate the optical signal in
some way, such as amplifying, converting, or modulating the signal.

Examples of active componentsin an optical fiber network include optical transmitters, optical receivers,
optical amplifiers, and optical modulators.
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e Optical Transmitters: These are devices that convert electrical signals into optical signals, which
are then transmitted through optical fibers. Types of optical transmitters include laser diodes and
light-emitting diodes (LEDs).

Fig. 5.1.2: Optical Transmitter

e Optical Receivers: These are devices that receive optical signals and convert them into electrical
signals. Types of optical receivers include photodiodes and avalanche photodiodes.

Fig. 5.1.3: Optical Receiver

e Optical Amplifiers: These are devices that amplify optical signals in order to compensate for signal
loss due to long distances and signal attenuation. Types of optical amplifiers include erbium-doped
fiber amplifiers (EDFAs) and Raman amplifiers.

e Optical Modulators: These are devices that modulate optical signals in order to encode data. Types
of optical modulators include Mach-Zehnder modulators and intensity modulators.

Fig. 5.1.4: Optical Modulator

Passive components, on the other hand, do not require power to function and simply direct the optical
signal in a specific manner.

Examples of passive components in an optical fiber network include optical couplers and splitters,
optical filters, optical connectors, optical isolators, and optical splitters.
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Optical Couplers and Splitters: These devices allow optical signals to be split into multiple or
combined into a single signal. Types of optical couplers and splitters include wavelength division

multiplexing (WDM) couplers, fused biconical taper (FBT) splitters, and planar lightwave circuit
(PLC) splitters.

Fig. 5.1.5: Coupler and Splitter

Optical Filters: These are devices that selectively transmit or reflect specific wavelengths of light.
Types of optical filters include wavelength-selective filters and band-pass filters.

Optical Connectors: These are devices that provide a physical connection between optical fibers
and other components in the OFC system. Types of optical connectors include:

o LC (Lucent Connector) is a small form-factor connector that has a ceramic ferrule and is
commonly used in single-mode optical networks. LC connectors have a push-pull mechanism
that makes them easy to install and provides a secure connection. LC connectors are typically
used in high-density optical networks and are known for their low insertion loss, high return

loss, and excellent repeatability.

Fig. 5.1.6: LC (Lucent Connector)

o SC (Subscriber Connector) is a square-shaped optical connector that has a ceramic ferrule and
is commonly used in both single-mode and multimode optical networks. SC connectors are
widely used due to their simple and reliable design, and they have a push-pull mechanism that
makes them easy to install.

o

Fig 5.1.7: SC (Subscriber Connector)
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o ST (Straight Tip) is a large form-factor connector that has a plastic ferrule and is commonly
used in multimode optical networks. ST connectors are widely used due to their simple and
reliable design, and they have a bayonet-style mechanism that makes them easy to install. ST
connectors are typically used in premises-based optical networks, such as those found in offices
and buildings, where high-speed and reliable optical connections are required.

%

Fig. 5.1.8: ST (Straight Tip) Connector

o FC (Fiber Channel) is a type of optical fiber connector that has a ceramic ferrule and is commonly
used in high-performance optical networks. FC connectors are characterized by their precision
and repeatability and are known for their low insertion loss and high return loss. FC connectors
are typically used in high-end optical networking applications, such as data centres and research
networks, where high-speed and reliable optical connections are required.

Fig. 5.1.9: FC (Fiber Channel) Connector

o MT-RJ (Mechanical Transfer Registered Jack) is a type of optical fiber connector that has a
plastic ferrule and is commonly used in multimode optical networks. MT-RJ connectors have
a compact design and are known for their high-density and high-speed capabilities. MT-RJ
connectors are typically used in high-end optical networking applications, such as data centers
and research networks, where high-speed and reliable optical connections are required.

r

Fig. 5.1.10: MT-RJ (Mechanical Transfer Registered Jack)
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e Optical Isolators: These are devices that prevent optical signals from being reflected back into the
optical fiber. Types of optical isolators include Faraday rotators and fiber Bragg gratings.

Fig. 5.1.11: Optical Isolator

— 5.1.4 Optical Splitter

As we already know, an optical splitter, also known as an optical coupler, is a passive component used in
optical fiber communication systems to split an incoming optical signal into multiple outputs. It works
by dividing the optical power from a single input fiber into two or more output fibers.

The basic principle of an optical splitter is based on the interaction between light and matter. The
incoming optical signal is first introduced into a coupler, which is typically made of a piece of optical
fiber with a specific refractive index profile. The optical signal then passes through the coupler and is
split into multiple output fibers based on the refractive index distribution of the coupler.

There are two main types of optical splitters:

Fused Biconical Taper (FBT) Splitters

Fused Biconical Taper (FBT) splitters are a type of optical splitter used in optical fiber communication
systems. They are passive components that split an incoming optical signal into multiple outputs by
directing a portion of the optical power from a single input fiber into two or more output fibers.

FBT splitters are made by fusing two optical fibers together and tapering the fused region so that the
optical power is gradually split between the two fibers. The taper region is typically a few millimeters
long and has a gradually decreasing diameter, allowing the optical power to be gradually divided
between the two fibers.

Fig. 5.1.12: Fused Biconical Taper (FBT) splitters

The taper profile determines the precise distribution of optical power between the output fibers and
can be adjusted by changing the tapering process. For example, a 1x2 FBT splitter will divide the optical
power approximately equally between two output fibers. In comparison, a 1x4 FBT splitter will divide
the optical power between four output fibers in a specific ratio.
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FBT splitters have several advantages, including low cost, compact size, and ease of integration with
other optical components. They are widely used in applications where a single optical signal needs to
be divided and distributed to multiple destinations, such as in Fiber-To-The-Home (FTTH) networks,
data centers, and cable television (CATV) systems.

It's important to note that FBT splitters are not wavelength-specific, meaning that they can split optical
signals of different wavelengths. However, the splitting ratio can be affected by wavelength, so it's
important to consider this factor when designing an optical network.

Hence, FBT splitters are a key component in optical fiber communication systems, enabling cost-effective
and efficient optical network design by allowing a single optical signal to be divided and distributed to
multiple destinations.

Planar Lightwave Circuit (PLC) Splitters

Planar Lightwave Circuit (PLC) splitters are a type of optical splitter used in optical fiber communication
systems. They are passive components that split an incoming optical signal into multiple outputs by
directing a portion of the optical power from a single input fiber into two or more output fibers.

e

' 4

Fig. 5.1.13: Planar Lightwave Circuit (PLC) splitters

PLC splitters are made by depositing waveguide structures onto a planar substrate, such as a silica or
polymer-based material. The waveguide structures are designed to direct the incoming optical signal
into multiple output fibers. The precise distribution of optical power between the output fibers is
determined by the specific waveguide design and can be adjusted by changing the waveguide structures.

PLC splitters have several advantages over other types of optical splitters, including compact size,
high reliability, and wavelength-specific performance. They are widely used in applications where a
high degree of optical power distribution accuracy is required, such as in Fiber-To-The-Home (FTTH)
networks, data centers, and cable television (CATV) systems.

One of the key benefits of PLC splitters is their ability to operate at specific wavelengths, which is not
possible with other types of optical splitters. This allows PLC splitters to be used in wavelength division
multiplexing (WDM) systems, where multiple optical signals of different wavelengths are transmitted
over a single optical fiber.

PLC splitters are typically manufactured using lithographic techniques and are available in a range
of configurations, including 1x2, 1x4, 1x8, and 1x16. They are also available in various form factors,
including compact modules and pluggable devices.

Overall, PLC splitters are a critical component in optical fiber communication systems, enabling the
precise distribution of optical power between multiple destinations while maintaining high reliability
and compact size.
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In both types of splitters, the precise distribution of optical power between the output fibers is
determined by the specific design of the splitter and can be adjusted by changing the taper profile or
waveguide structure.

Apart from these, optical splitters can also be categorised as:

Wavelength Division Multiplexing (WDM) Splitter: This type of splitter is designed to operate
at specific wavelengths and is used in wavelength division multiplexing (WDM) systems, where
multiple optical signals of different wavelengths are transmitted over a single optical fiber.

Micro-Optics Splitter: This type of splitter is made using micro-optics technology and is typically
smaller in size compared to other types of splitters. It is used in applications where space is limited,
such as in small form-factor pluggable (SFP) transceivers.

Arrayed Waveguide Grating (AWG) Splitter: This type of splitter is made using arrayed waveguide
gratings, which are structures that diffract and direct optical signals based on their wavelength.
AWG splitters are typically used in wavelength division multiplexing (WDM) systems.

Dual Window Optical Splitter: This type of splitter is designed for use in high-speed optical
communication systems and is used to split optical signals into two output fibers.

— 5.1.5 Splitter Required on Ground

Choosing the right type of optical splitter for a particular application can be challenging and requires
careful consideration of various factors. The following are some of the factors to consider when
choosing an optical splitter:

Number of Output Fibers: The first consideration when choosing an optical splitter is the number of
output fibers required. Different types of splitters are available that can support different numbers
of outputfibers, so it is important to choose a splitter that is capable of meeting your requirements.

Wavelength of Optical Signals: The wavelength of the optical signals is another important factor
to consider when choosing an optical splitter. Some splitters are designed to operate at specific
wavelengths, so it is important to choose a splitter that is compatible with the wavelength of the
optical signals being transmitted.

Accuracy of Optical Power Distribution: The accuracy of the optical power distribution is another
important factor to consider when choosing an optical splitter. Some splitters are designed to
provide a more accurate distribution of optical power, while others may introduce more loss or
signal degradation.

Size and Form Factor: The size and form factor of the splitter is another important consideration.
In some applications, a compact, low-profile splitter may be required, while a larger splitter may be
more suitable in others.

Cost: The cost of the splitter is another important factor to consider. Different types of splitters
can have different costs, so choosing a splitter that fits within your budget while also meeting your
performance requirements is important.

Reliability: The reliability of the splitter is an important consideration, especially in mission-critical
applications. Some types of splitters have a proven track record of reliability, while others may be
more prone to failure or malfunction.

Network Architecture: Finally, it is important to consider the overall network architecture when
choosing an optical splitter. Different types of splitters may be better suited for different types of
networks, so choosing a splitter that fits well within your existing network architecture isimportant.
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The type of splitter required on the ground will depend on the specific requirements of the optical fiber
communication system.

For example, in a Fiber-to-the-Home (FTTH) network, a Planar Lightwave Circuit (PLC) splitter may be
used to distribute the optical signals to multiple homes. PLC splitters are widely used in FTTH networks
due to their high reliability, compact size, and ability to operate at specific wavelengths.

In a data center, a Micro-Optics splitter may be used due to its small size, which is ideal for high-density
applications. Micro-Optics splitters are typically smaller in size compared to other types of splitters and
are used in applications where space is limited.

In a cable television (CATV) system, a Fused Biconical Taper (FBT) splitter may be used. FBT splitters are
a cost-effective solution for distributing optical signals and are widely used in CATV system:s.

In wavelength division multiplexing (WDM) systems, a Wavelength Division Multiplexing (WDM) splitter
or an Arrayed Waveguide Grating (AWG) splitter, may be used. Both types of splitters are designed to
operate at specific wavelengths and are used to split optical signals into multiple output fibers based
on their wavelength.

5.1.6 Wall Mount Splitters

Wall mount splitters are a type of optical splitter that are designed to be mounted on a wall or similar
surface. They are typically compact in size and can be used to distribute optical signals in various
applications, including Fiber-to-the-Home (FTTH), data centers, cable television (CATV) systems, and
wavelength division multiplexing (WDM) systems.

L o

Fig. 5.1.14: Wall mounted PLC Splitter Distribution Box

Wall mount splitters are typically available in a variety of sizes and configurations to accommodate
different numbers of output fibers.

1x8 splitter: A 1x8 splitter is a device that splits the optical signals from one input fiber into eight
output fibers. This type of splitter is often used in FTTH applications, where the signals from a central
office are distributed to multiple homes or businesses.

1x16 splitter: A 1x16 splitter is similar to a 1x8 splitter but splits the optical signals from one input fiber
into 16 output fibers. This type of splitter is typically used in larger FTTH applications or in situations
where the signals need to be distributed to a larger number of homes or businesses.

1x32 splitter: A 1x32 splitter is a device that splits the optical signals from one input fiber into 32 output
fibers. This type of splitter is typically used in large-scale applications, such as data centers, where the
optical signals need to be distributed to a large number of endpoints.
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Wall mount splitters are convenient for use in tight spaces or applications where space is limited.
They can be easily mounted on a wall, reducing the amount of floor space required for equipment.
This makes them an ideal solution for small-scale optical fiber communication systems or in situations
where the optical signals need to be distributed over a relatively short distance.

In addition to their compact size, wall-mount splitters are also designed to be easy to install and
maintain. They typically come with pre-terminated input and output fibers, making them easy to
connect to existing optical fiber systems. They are also designed to be durable and reliable, ensuring
that they will provide reliable performance over a long period of time.

Installation Process

The steps to install wall mount splitters are as follows:

Choose the correct location: Choose a location near the fiber optic cable that is easily accessible
and has space to mount the splitter. The location should be protected from the elements and have
a stable temperature to prevent damage to the splitter.

Mount the splitter bracket: Use screws or other fasteners to securely attach the splitter bracket
to the wall or other surfaces. The bracket should be positioned so that the splitter can be easily
inserted and removed for maintenance.

Connect the input fiber: Attach the input fiber to the splitter's input port, typically using a connector
that is compatible with the type of fiber being used. The input fiber should be securely attached
and positioned so that it does not put stress on the splitter.

Connect the output fibers: Attach the output fibers to the splitter's output ports, again using
connectors that are compatible with the type of fiber being used. Make sure that the fibers are
securely attached and positioned so that enough they do not put stress on the splitter.

Test the splitter: Use a fiber optic test instrument to verify that the splitter is functioning properly.
Check the optical power levels at the input and output ports, and ensure that the power levels are
within the specifications for the splitter.

Secure the splitter: Once the splitter has been tested and verified to be functioning properly, secure
the splitter in place within the splitter bracket. Make sure that it is firmly in place and that there is
no movement that could cause damage to the splitter or the fibers.

Test the entire system: After the splitter has been installed, test the entire fiber optic system to
ensure that all of the components are functioning properly. Check the optical power levels at each
component, and verify that the signals are being transmitted correctly.

— 5.1.7 Feeder and Distribution Ports and Pigtails

Feeder

In an optical network, feeders refer to the main optical fibers that carry signals from a central location,
such as a central office, to the remote locations, such as homes or businesses. Feeder fibers typically
have a larger diameter and are capable of transmitting signals over longer distances than the distribution
fibers, which are used to distribute the signals to individual homes or businesses.
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Fig. 5.1.15: Feeder

The feeder fibers provide the backbone of the optical network and are responsible for transmitting the
signals to the distribution fibers, which are then used to reach the end-users. The feeder fibers typically
run underground, or they may be placed on utility poles or other structures, depending on the specific
requirements of the network.

In some cases, feeder fibers may also be used to transmit signals between central offices or data
centers, allowing the signals to be transported over large distances. In addition, feeder fibers may be
used to transmit multiple channels of data using wavelength division multiplexing (WDM) technology,
which allows multiple signals to be transmitted over a single fiber.

The choice of feeder fiber type and specifications, such as the fiber diameter, the number of fibers in
the cable, and the wavelength range, will depend on the specific requirements of the optical network
and the applications it will support. In general, the feeder fibers should be capable of providing high-
speed and reliable signal transmission, with minimal signal loss or degradation over the distances they
will be used to cover.

How to identify feeder?
There are several ways to identify a feeder in an optical network:

e Cable labeling: Feeder fibers are typically part of a larger optical cable, and the cable may be labeled
with information such as the type of fiber, the number of fibers, and the cable's intended use. This
information can help identify whether a particular cable is a feeder or not.

e Optical testing: Optical testing equipment, such as an optical time-domain reflectometer (OTDR),
can be used to identify the feeder fibers by analyzing the optical characteristics of the fibers. The
feeder fibers will typically have a longer reach and lower loss than the distribution fibers, which can
be used to identify them.

¢ Network documentation: In well-documented optical networks, there should be clear and accurate
records of the network's components, including the feeder fibers. This information can be used to
identify the feeder fibers and understand their intended use.

e Physical location: The location of the feeder fibers in the network can also help identify them. In
many cases, the feeder fibers will run between central locations, such as central offices or data
centers, and the remote locations, such as homes or businesses.
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Distribution Ports

In an optical network, distribution ports refer to the connection points where the signals from the
feeder fibers are split and distributed to the end-users. Distribution ports are typically located at a
central location, such as a central office or headend, and they are used to divide the optical signals into
smaller, more manageable amounts that can be transmitted to the end-users.

There are several types of distribution ports, including passive optical splitters and active optical
switches.

Passive optical splitters are used to divide the optical signals into smaller amounts by directing a portion
of the light from the incoming fiber to each output port. On the other hand, active optical switches are
used to switch optical signals between different fibers or to multiple output ports.

The choice of distribution port type and specifications, such as the number of output ports, the split
ratio, and the wavelength range, will depend on the specific requirements of the optical network and
the applications it will support. In general, distribution ports should be capable of providing reliable
signal distribution and should have a minimal signal loss or degradation over the distances they will be
used to cover.

The distribution ports are critical components in the optical network, as they are responsible for
directing the optical signals to the end-users and ensuring that the signals are received with sufficient
quality and strength. Proper installation and maintenance of the distribution ports are essential to
ensuring the reliability and performance of the optical network.

Pigtails

Pigtails are short optical fibers that are used to make a connection between optical components in
an optical network. Pigtails are used to connect the fibers from the distribution ports to the optical
components, such as optical splitters, optical switches, and optical transceivers.

There are two main types of pigtails:

¢ Single-mode pigtails are designed to work with single-mode optical fibers and have a small core
diameter, which allows them to transmit signals over long distances with minimal signal loss.

e Multimode pigtails are designed to work with multimode optical fibers and have a larger core
diameter, which makes them suitable for shorter distances and lower bandwidth applications.

Pigtails are required in optical networks because they provide a convenient and reliable way to make
connections between optical components. Without pigtails, it would be necessary to splice the fibers
directly together, which can be time-consuming and can also introduce additional signal loss into the
network. Pigtails also allow for easy and quick replacement of optical components in the event of a
failure, which helps to minimize downtime in the network.
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Fig. 5.1.16: Fiber Optics Pigtails

In addition to their functionality, pigtails also play a critical role in ensuring the reliability and
performance of the optical network. Pigtails should be of high quality and should be terminated with a
connector that is compatible with the optical components they are being used with. Proper installation
and maintenance of pigtails is also important to ensure that the network functions as intended and that
the signals are transmitted with sufficient quality and strength.

How to identify pigtails?

Pigtails can be identified by their distinctive appearance and connector type. Typically, pigtails are
small, flexible optical fibers that are terminated with a connector on one end. The connector can be
used to identify the type of pigtail, as different connector types are typically used for single-mode and
multimode pigtails.

Single-mode pigtails are often terminated with LC, SC, or FC connectors, which are small form-factor
connectors that have a ceramic ferrule. These connectors are typically used with single-mode optical
fibers and are characterized by their low insertion loss, high return loss, and excellent repeatability.

Fig. 5.1.17: Single Mode Pigtails
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Multimode pigtails, on the other hand, are often terminated with ST, SC, or MT-RJ connectors, which
are larger form-factor connectors that have a plastic ferrule. These connectors are typically used with
multimode optical fibers and are characterized by their simple and reliable design.

Fig. 5.1.18: Multimode Pigtails

In addition to the connector type, the colour of the pigtail jacket can also be used to identify the type
of pigtail. For example, single-mode pigtails are often yellow, while multimode pigtails are typically
orange. Some pigtails may also be labelled with the type of pigtail and the connector type, which can
make identification even easier.

It is important to identify the correct type of pigtail for the optical network, as using the wrong type of
pigtail can result in poor network performance and reliability.
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— 5.1.8 Passive Optical Networks (PONs) like GPON, EPON, —
and Next-Gen PON

A Passive Optical Network (PON) is a fiber-based communication system where a single optical fiber
from the service provider is shared among multiple users using passive (non-powered) optical splitters.
This allows the network to deliver high-speed internet and other digital services efficiently without
needing electrical power in the distribution network. PONs reduce infrastructure cost, require less
maintenance, and support reliable broadband communication.

Key Information

Component Description

OLT (Optical Line Terminal) | Located at the service provider's central office. It sends and receives
data signals over the fiber network.

Optical Splitter A passive device used to divide one input fiber signal into multiple
output fibers (e.g., 1x8, 1x16, 1x32).

ONT/ONU (Optical Network | Installed at the customer location; converts optical signals into
Terminal/Unit) data/voice for user devices.

— 5.1.9 Fundamentals of GPON Technology, Including
Architecture, Components, and Benefits

GPON (Gigabit Passive Optical Network) is a high-speed fiber access technology that delivers internet,
voice, and video services to homes and businesses using a shared optical fiber network. It uses passive
splitters to connect multiple users to a single fiber, reducing cost while maintaining high transmission
quality. GPON is widely used in FTTH systems due to its efficiency, reliability, and ability to support
large-scale broadband delivery.

GPON Architecture
GPON follows a point-to-multipoint architecture:

Service Provider Office (OLT)

Signal Flow

¢ Downstream (OLT - ONT): Broadcast to all users
e Upstream (ONT —> OLT): Managed so users send data one at a time using TDMA (Time Division
Multiple Access)

o
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UNIT 5.2: Optical Power Testing and Network Signal Validation

— Unit Objectives |©
By the end of this unit, the participants will be able to:
1. Describe power testing techniques including insertion loss, reflection, and validation.
2. Show how to conduct insertion loss and reflection testing using OLTS/OTDR.
3. Show how to measure power output at distribution ports using precision power meters.
4. Show how to validate network performance parameters for GPON and NG-PON2 compliance.
5. Determine loss budget concepts and best design practices.
6. Demonstrate how to analyze and calculate loss budgets considering WDM/TDMA.
7. Analyze the impact of components on loss budgets and optimize designs.
8. Explain emerging diagnostic tools like Al-enabled OTDR & advanced OLTS.
9. Show how to use Al-enabled diagnostic tools for real-time fault detection and troubleshooting.
10. Describe safety protocols for optical fiber handling and PPE usage.
11. Explain best practices for documentation, loss budgets, testing results, and troubleshooting
records.

—5.2.1 Power Test

Power test refers to a measurement of the power level of an optical signal in an optical network.
Power testing is an important aspect of optical network maintenance and troubleshooting, as it allows
network administrators to measure and monitor the optical power levels of signals within the network.
This information can be used to identify potential issues, such as high or low power levels, which can
affect the performance of the network and cause communication errors.

Power testing is performed at various points in an optical network, including at the input and output
of optical transceivers, at optical splitters and switches, and at distribution ports. The results of power
testing can be used to verify the performance of optical components, to monitor the health of the
optical network, and to identify potential issues that may affect the performance of the network.

Tools and equipment required to perform Power Test

e Optical power meter: This is the main tool used for measuring the power levels of optical signals
in an optical network. Optical power meters use a sensor to detect the light in an optical fiber
and calculate the power level based on the amount of light that is detected. The OPM tester can
be used for installation, debugging, and maintenance of any fiber network. And it can adapt to a
variety of connector styles such as SC, ST, FC, etc.

Fig. 5.2.1: Optical power meter
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The optical power meter reading expressed in units of dBm on the OPM screen is an intuitional way
to measure optical power. The “m” in dBm refers to the reference power which is 1 milliwatt. Thus a
source with a power level of 0 dBm has a power of 1 milliwatt. Likewise, -10 dBm is 0.1 milliwatt and
+10 dBm is 10 milliwatts. The more negative a number is, the higher the loss. Although OPM testers
measure a negative number for loss, it is conventionally said as a positive number. For example, if
the optical power meter reading is “-3.0 dB”, the loss is 3.0 dB.

e Optical fiber light source: This is used to provide a known and stable light source for the optical
power meter to measure. The light source is typically connected to the optical fiber using a
connector, such as an LC or SC connector.

Fig. 5.2.2: Optical fiber light source

e Connectors: A variety of optical fiber connectors, such as LC, SC, or FC connectors, may be required
to connect the optical power meter and light source to the optical fibers being tested.

e Adapters: Adapters may be required to connect different types of connectors to each other, such
as to connect an LC connector to an SC connector.

Fig. 4.5.3: SC (male) to LC (female) Adaptor Fig. 5.2.4: SC (female) to LC (male) Adaptor

e Power supplies: Some optical power meters and light sources may require external power supplies,
such as batteries or AC adapters.

e Protective cases or carrying bags: These may be used to protect the tools and equipment during
transport and storage.

e Test reference cables: These are short optical fiber cables that connect the optical power meter
and light source together and provide a known reference for the power measurement.
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Steps to conduct power test

Step 1: Prepare the equipment

Gather all of the necessary tools and equipment, including the optical power meter, optical fiber light
source, connectors, adapters, power supplies, and test reference cables.

Step 2: Connect the equipment

Connect the optical power meter and light source to the optical fibers being tested using the appropriate
connectors and adapters. Connect the test reference cables between the optical power meter and the
light source to ensure a stable and accurate power level measurement.

Step 3: Turn on the equipment

Turn on the optical power meter and light source, allowing them to warm up to their normal operating
conditions.

Step 4: Set the reference level

Use the optical power meter to set the reference level, which is the power level that will be used as a
baseline for the power test measurement.

Step 5: Perform the measurement

Connect the optical power meter to the optical fiber being tested and take a reading of the power
level. If necessary, repeat the measurement at multiple points along the optical fiber to ensure that the
power level is consistent throughout the fiber.

Step 6: Analyze the results

Compare the power test results to the specifications for the optical fiber and components being used.
If the results are within the specified range, the optical fiber and components are functioning properly.
If the results are outside the specified range, further analysis may be necessary to determine the cause
of the problem.

Cables with losses higher than 0.5 dB per end should be cleaned and retested. Dirt is always an issue. If
any of the connectors are dirty, measurements will show higher loss and more variability. If the optical
loss is still higher than 0.5 dB after cleaning, that means this cable is unqualified and can be discarded.

Step 7: Document the results

Document the power test results, including the power level readings, the location of the measurements,
and any other relevant information.
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— 5.2.2 Insertion Loss of Optical Splitter

Insertion loss is a measure of the amount of optical power loss that occurs when light is introduced into
an optical fiber or an optical component, such as an optical splitter. It is expressed in decibels (dB) and
represents the difference between the optical power level at the input port and the optical power level
at the output port of the component.

In the case of an optical splitter, insertion loss is an important performance parameter that affects
the overall efficiency and performance of the optical network. Optical splitters are used to divide the
optical power from a single input fiber into multiple output fibers, and the insertion loss of the splitter
represents the amount of optical power that is lost during this process.

There are several factors that can contribute to the insertion loss of an optical splitter, including the
type of splitter, the quality of the splitter components, the number of output fibers, and the length of
the optical fibers. To minimize insertion loss and maximize the performance of an optical network, it is
important to use high-quality optical splitters and to properly terminate and splice the optical fibers.

It is also important to regularly test the insertion loss of optical splitters and other components in an
optical fiber network, as insertion loss can increase over time due to factors such as aging, environmental
conditions, and fiber contamination. By regularly monitoring and measuring insertion loss, technicians
can identify and resolve any issues that may be affecting the performance of the network, and ensure
that the network continues to operate at optimal efficiency and performance levels.

Insertion Loss Test

The insertion loss of an optical splitter can be tested using an Optical Loss Test Set (OLTS). The basic
procedure for testing the insertion loss of an optical splitter is as follows:

e (Clean all the equipment using a fiber cleaning kit

e Connect the optical power meter to the input port of the splitter using an optical patch cord.

Fig. 5.2.5: LCto LC Single Mode Patch Chord

e Connectthe optical source, such as a laser light source, to the input port of the optical power meter.

e Setthe optical power meter to the correct wavelength and measurement range, depending on the
type of optical source and the type of splitter being tested.

e Turn on the optical source and measure the optical power level at the input port of the splitter
using the optical power meter.

e Connectthe optical power meter to each of the output ports of the splitter, one at a time, using an
optical patch cord.

e Measure the optical power level at each of the output ports of the splitter using the optical power
meter.
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Calculate the insertion loss for each output port by subtracting the measured optical power level at
the output port from the measured optical power level at the input port.

Repeat the test for multiple output ports and multiple wavelengths, if necessary, to get a complete
picture of the insertion loss performance of the splitter.

Fig. 5.2.6: Optical Loss Test Set (OLTS)

It is important to perform the insertion loss test in a controlled environment to minimize the effects of
external factors such as temperature, humidity, and dust, which can affect the accuracy of the results.
It is also important to use high-quality optical patch cords and to follow good testing practices to ensure
that the results are reliable and accurate.

5.2.3 Power Output Measurement of Optical Splitter

Totest the power output measurement of an optical splitter using an Optical Loss Test Set (OLTS) and a
light source, the following steps can be followed:

Connect the light source to the input port of the splitter using an optical patch cord.
Connect the OLTS to the input port of the splitter and measure the input power level.

Connect the OLTS to each of the output ports of the splitter, one at a time, using an optical patch
cord.

Measure the optical power level at each of the output ports using the OLTS.
Record the measured optical power level at each output port.

Calculate the output power level of each output port by subtracting the measured insertion loss
from the input power level.
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Repeat the test for multiple output ports and multiple wavelengths, if necessary, to get a complete
picture of the power output performance of the splitter.

B
|
|
|
|
|
|
|
|

Patch Cord ~

Fig. 5.2.7: Test Setup.

— 5.2.4 Loss Budget Planning and Design Optimization in
FTTH/X Networks

A loss budget is the total amount of signal loss that can occur in an FTTH/X network while still
maintaining proper service at the ONT. Every connector, splitter, and length of fiber reduces signal
strength. By understanding and calculating the loss budget, the installer ensures that the signal
received at the ONT remains within acceptable range for GPON, XG-PON, or NG-PON2 networks.
This helps in:

e Choosing correct splitter ratios

¢ Planning safe fiber routes

e Maintaining quality network performance

5.2.5 Determine Loss Budget Concepts and Best Design

Practices

Steps to Understand Loss Budget
1. Identify all components in the fiber path (fiber length, connectors, splices, splitters).
2. Add their individual loss values.
3. Ensure the total loss stays within network allowance:
o GPON:~18-21dB
0 NG-PON2:~20-29 dB (supports higher wavelength variation)
Best Design Practices
e Use shortest safe fiber route.
e Avoid unnecessary joints or connectors.
e Choose splitter ratios based on number of users (e.g., 1x8 for fewer, 1x32 for many).
¢ Maintain correct bend radius to avoid hidden loss.

. —
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1.

— Key Learning Outcomes | ¢

10.

11.
12.
13.

14.

15.
16.
17.
18.

19.

By the end of this module, the participants will be able to:

Explain the types and characteristics of fiber optic cables, including bend radius, tensile strength,
and fusion splicing techniques.

Discuss the tools for fiber installation (e.g., fish tape, splicing machines, OTDR, VFL) and the
techniques to measure signal loss and maintain network performance.

Discuss the role of fiber networks in supporting cloud gaming, ultra-low latency applications like
High-Frequency Trading (HFT), and Industry 4.0 applications such as automation, robotics, and
real-time data monitoring in smart manufacturing.

Elucidate the loT and loE device types, their connectivity requirements, and network
configurations, and the role of FTTH in IoE.

Show how to validate ONT connectivity to loT devices and smart home systems, ensuring proper
data throughput.

Describe the key FTTH GPON components, their functions, and GPON technology including
splitters, ONT configuration, and VLAN management.

Demonstrate how to check and prepare customer premises for installing Customer Premises
Equipment (CPE), follow GPON installation procedures ensuring correct splitter connections and
fiber termination, and conduct comprehensive tests for connectivity and data speeds at the
customer’s end using tools like OTDR and fiber testers.

Explain the basics of network security, including encryption protocols, firewalls, access control
mechanisms, and cybersecurity considerations in FTTH networks.

Show how to identify potential cybersecurity vulnerabilities in FTTH installations and mitigate risks
using secure installation practices, configure ONTs with secure settings including password
protection, encryption protocols, and firewalls, and conduct penetration tests to identify potential
security risks and validate network integrity.

Describe Safety, Health, and Environmental (SHE) and occupational health and safety (OHS)
regulations for fiber installations.

Show how to ensure proper sealing of conduits to avoid dust, moisture, or pest intrusion.
Elucidate the documentation requirements for installation, testing, and cybersecurity compliance.
Demonstrate how to provide customers with guidelines for maintaining network security,
including password updates and device firmware updates.

Explain the role of Al-driven network management and automation tools for monitoring fiber
performance and diagnosing faults remotely.

Show how to troubleshoot network issues related to CPE, resolve common complaints related to
fiber connectivity, signal loss, and ONT/router configurations, and provide basic troubleshooting
training to customers, explaining technical details in easy terms and addressing their concerns.
Demonstrate how to check the site as per the building layout plan, identify the cabling path from
the outdoor fiber landing point to the ONT installation point, and determine horizontal and
vertical cable lengths, considering slack for maintenance and future upgrades.

Show how to check load compliance of cable trays, ensure compatibility with existing services like
power and data cables, and lay fiber along tray tracks using proper pulling techniques, ensuring
no damage to the cable jacket or core.

Demonstrate how to secure fibers in the trays, maintaining proper slack and tension to avoid
over-tensioning in vertical runs and ensure proper grounding of metallic trays in line with safety
standards.

Demonstrate how to pull fiber through conduits using appropriate tools, secure excess fiber
(minimum of 3 meters) at termination points for maintenance purposes and inspect conduit
integrity to prevent electromagnetic interference or mechanical damage.
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20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

Describe the Triple-Play service requirements (internet, voice, video) and their impact on network
infrastructure, and how to optimize Quality of Service (QoS) parameters, such as latency, jitter,
and throughput.

Show how to determine the infrastructure requirements for Triple-Play services, configure ONT
settings to enable these services, and test High-Speed Internet, VolP, and IPTV services for Quality
of Service (QoS) parameters like latency, jitter, and packet loss.

Discuss future trends in IoE, innovations in smart home technologies, and the impact of these
developments on triple-play services.

Demonstrate how to optimize FTTH installations for emerging IoE applications, ensuring minimal
latency and maximum reliability.

Demonstrate how to install cables through false ceilings using the figure-8 method to prevent
tangling or cable stress, secure cables in conduits above false ceilings to prevent dislodgement
and ensure slack management.

Show how to ensure accessibility for future maintenance by marking cable routes clearly.
Demonstrate how to terminate and connectorize fiber at the ONT, ensuring signal integrity and
minimal loss, power up and configure the ONT for operational readiness, and conduct live fiber
testing using tools like Visual Fault Locator (VFL) and power meters to confirm signal integrity.
Demonstrate how to determine loT device connectivity requirements such as bandwidth and
latency, install network elements or CPEs for loT devices, and configure ONTs to support loT
devices like smart thermostats, cameras, and voice assistants.

Show how to test loT device compatibility with installed FTTH networks to ensure seamless
integration and coordinate with customers for specific loT device setups and provide technical
guidance.

Demonstrate how to coordinate with service providers to address issues with VolP call quality,
IPTV buffering, or internet speeds.

Show how to identify the scope of IoE and its impact on FTTH network design and installation,
integrate loE-compatible devices into the FTTH network ensuring seamless communication
between devices, and follow future trends in IoE while identifying scalable network solutions for
customers.
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UNIT 6.1: Basics of Fiber Optics

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain the types and characteristics of fiber optic cables, including bend radius, tensile strength,
and fusion splicing techniques.

2. Discuss the role of fiber networks in supporting cloud gaming, ultra-low latency applications like
High-Frequency Trading (HFT), and Industry 4.0 applications such as automation, robotics, and
real-time data monitoring in smart manufacturing.

3. Elucidate the loT and IoE device types, their connectivity requirements, and network
configurations, and the role of FTTH in IoE.

4. Describe the key FTTH GPON components, their functions, and GPON technology including
splitters, ONT configuration, and VLAN management.

5. Explain the basics of network security, including encryption protocols, firewalls, access control
mechanisms, and cybersecurity considerations in FTTH networks.

6. Describe Safety, Health, and Environmental (SHE) and occupational health and safety (OHS)
regulations for fiber installations.

7. Explain the role of Al-driven network management and automation tools for monitoring fiber
performance and diagnosing faults remotely.

8. Describe the Triple-Play service requirements (internet, voice, video) and their impact on network
infrastructure, and how to optimize Quality of Service (QoS) parameters, such as latency, jitter,
and throughput.

9. Discuss future trends in IoE, innovations in smart home technologies, and the impact of these
developments on triple-play services.

10. Show how to identify the scope of lIoE and its impact on FTTH network design and installation,
integrate loE-compatible devices into the FTTH network ensuring seamless communication
between devices, and follow future trends in lIoE while identifying scalable network solutions for
customers.

—6.1.1 Types of Flber Optics Cables

There are several types of fiber optic cables, each with its own unique characteristics and uses. Some
of the most common types of fiber optic cables include:

e Single-mode fiber: This type of fiber has a small core (9-10 microns) and is designed to support a
single light mode, allowing for high bandwidth and long distances. Single-mode fiber is commonly
used for high-speed data transmission, including long-haul telecommunication and cable television
networks.

e Multi-mode fiber: This type of fiber has a larger core (50-62.5 microns) and supports multiple light
modes, allowing for lower bandwidth and shorter distances. Multi-mode fiber is commonly used
for short-distance data transmission, including local area networks (LANs) and metropolitan area
networks (MANSs).

¢ Indoor/Outdoor fiber: This type of fiber is designed to be used both indoors and outdoors and is
typically used in campus networks and data centers. Indoor/outdoor fiber is typically armoured and
weather-resistant, making it suitable for use in harsh environments.

o
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e Ruggedized fiber: This type of fiber is designed for use in rugged and harsh environments, including
industrial applications and military installations. Ruggedized fiber is typically armoured and
reinforced to provide high levels of durability and protection from physical damage.

e Bend-insensitive fiber: This type of fiber is designed to be more flexible and bend-resistant, making
it ideal for use in tight spaces and challenging installation environments. Bend-insensitive fiber is
also less likely to experience signal loss when bent, making it a popular choice for data center and
data communication applications.

e Specialty fiber: This type of fiber includes a variety of unique fibers, including polarization-
maintaining fiber, dispersion-shifted fiber, and erbium-doped fiber amplifiers. These fibers are used
for specialized applications, including high-speed data transmission, high-power laser delivery, and
wavelength division multiplexing (WDM).

Each type of fiber optic cable has its own unique properties and characteristics that make it suited for
specific applications. When choosing a fiber optic cable, it is important to consider your application's
specific requirements, including the transmission's distance, the bandwidth required, and the
environment in which the cable will be used.

For in-building deployments, two main types of optical fiber are commonly used: Multimode and
Single-mode fiber.

Multimode

"\ Cladding Glass

e e

Core (J]ds\

Single-Mode

Cladding Glass

: = . =

Core Glass

Fig. 6.1.1:

Multimode Fiber:

e Has a larger core diameter (50 or 62.5 micrometers) that allows multiple light rays to propagate
through it.

e Cansupport higher bandwidth over short distances (up to 2 km).

e Typically used in building-to-building and desktop applications.

e Multimode fiber is less expensive and easier to install and terminate compared to single-mode
fiber.

Single-Mode Fiber:

e Has a smaller core diameter (9 micrometers) that supports only one light ray at a time.
e Can support higher bandwidth over longer distances (up to 100 km).
e Typically used in long-haul and high-speed applications.

e Single-modefiberis more expensive and requires special equipment for installation and termination
compared to multimode fiber.
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— 6.1.2 Bend Radius

Bend radius refers to the minimum radius that an optical fiber cable can bend without causing any
damage to the cable or affecting the performance of the optical signal. The bend radius is a critical
factor to consider when installing optical fiber cable, as excessive bending can cause the cable to
become damaged, leading to signal loss, attenuation, and increased bit error rate.

The bend radius of an optical fiber cable is specified by the cable manufacturer and is dependent
on several factors, including the type of fiber, the size and composition of the cable, and the type of
protective coating. Generally, optical fiber cables have a minimum bend radius of 10 times the cable
diameter, but this can vary depending on the specific cable design and manufacturing specifications.

Bend Radius

Bend Radius ——— N
(<15 x cable diameter) / ‘
/ «——Fiber Cable

Fig. 6.1.2: Bend Radius

To ensure proper performance and avoid damage to the cable, it is important to maintain the specified
bend radius during installation and avoid bending the cable too tightly. This can be done using cable
ties, trays, or other support structures to keep the cable in place and prevent excessive bending.

The bend radius of an optical fiber cable can be measured using a variety of tools and techniques during
in-building installation. Some common methods include:

Callipers

Measuring the bend radius of an optical fiber cable using callipers is a simple and straightforward

process. The steps involved in the procedure are as follows:

e Locate the tightest bend in the cable: Find the pointin the cable where it is bent the most tightly.
This is the point where you will measure the bend radius.

e Mark the cable: Use the marker to make a small mark on the cable at the tightest bend.

e Measure the diameter of the cable: Place the jaws of the callipers around the cable at the marked
point and adjust them until they grip the cable tightly. Read the diameter of the cable that is
displayed on the callipers.

e Calculate the bend radius: Multiply the diameter of the cable by 10 to obtain the minimum bend
radius. For example, if the diameter of the cable is 2 mm, the bend radius would be 20 mm.

e Repeat the measurement at other points: If necessary, repeat the measurement at other points
along the cable to verify that the minimum bend radius is not being exceeded.

By following these steps, you can easily measure the bend radius of an optical fiber cable using callipers
and ensure that it is within the specified limits during installation.

Bend Radius Gauges

These are specialized tools specifically designed to measure the bend radius of optical fiber cables.

They are usually made of plastic or metal and have a curved surface that fits around the cable to

measure its diameter. Steps to measure the bend radius:

e Locate the Optical Fiber Cable: Find the optical fiber cable that you want to measure the bend
radius of.

e Prepare the Cable: Clean the cable and remove any dirt or debris that might interfere with the
measurement.
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¢ Insert the Cable into the Gauge: Carefully insert the cable into the bend radius gauge so that it
passes through the gauge's measuring slot.

e Read the Measurement: Look at the gauge's display to read the bend radius measurement. Most
bend radius gauges will give you a digital readout, but some gauges may have a traditional analogue
display.

e Repeat the Measurement: Repeat the measurement several times to ensure that you have an
accurate reading.

— 6.1.3 Parts of Optical Fiber Cable

An optical fiber cable is composed of several key components:

e Core: The core is the center of the optical fiber cable and is made of highly transparent glass or
plastic. It is the part of the cable that carries the light signals over long distances.

e Cladding: The cladding is a layer of material surrounding the core that has a lower refractive index.
It helps to reflect the light back into the core, preventing it from escaping and ensuring that the
signal remains intact.

o Buffer Coating: The buffer coating is a protective layer around the cladding, which helps to protect
the optical fiber from mechanical damage and environmental factors.

e Strength Members: Strength members are used to provide mechanical strength to the optical fiber
cable, allowing it to be properly handled, installed, and protected. These can include aramid fibers,
stainless steel wires, or a combination of both.

e (Cable Sheath: The cable sheath is the outer layer of the optical fiber cable, providing a protective
and durable layer that helps to keep the other components of the cable safe and secure. This layer
can be made of materials like PVC, TPU, or a UV-resistant polymer, and is designed to withstand
harsh environmental conditions and mechanical stress.

Cable Jocket Secondary Buffer
I Fiber Core

Aramid Yarn -———J

Fiber Cladding
Primary Buffer

Fig. 6.1.3: Parts of Optical Fiber

These components work together to ensure that optical signals are transmitted over long distances with
minimal loss and maximum reliability. The specific components used in an optical fiber cable can vary
based on the type of cable, the intended use, and the environmental conditions it will be exposed to.
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— 6.1.4 VLF Testing

VLF (Very Low Frequency) testing is a diagnostic technique used to detect faults in optical fiber networks.
It is used to identify and locate high resistance faults, such as breaks or cracks, in the optical fiber cable.

The principal of VLF (Very Low Frequency) testing is to detect faults in optical fiber networks by using very
low frequency electrical signals. The VLF test principle uses signals with a frequency of a few kilohertz,
which are low enough not to interfere with the optical signals being transmitted over the fiber. The test

signal is injected into the fiber using a high impedance source and received at the far end of the fiber using
a high impedance probe.

The VLF test procedure involves injecting the test signal into the fiber and measuring the received signal
at the far end of the fiber. If there is a fault in the fiber, the received signal will be reduced, indicating the
presence of a fault. The location of the fault can be determined by measuring the change in the received
signal at different points along the fiber.

The VLF test principle is particularly useful for detecting faults in optical fiber networks because it can
be used to detect faults that are not visible with optical time domain reflectometry (OTDR) testing, such
as breaks or cracks in the cladding of the fiber. The VLF test principle is also useful for detecting faults

in underground or aerial optical fiber networks, where it is not possible to access the fibers for direct
inspection.

6.1.5 Role of Fiber Networks in Supporting Modern Data-
Intensive and Low-Latency Applications

Fiber optic networks are critical for today’s digital applications because they allow very high data
transfer speeds, large bandwidth, and extremely low latency. Latency is the delay between sending and

receiving data. Applications like cloud gaming, High-Frequency Trading (HFT), and Industry 4.0 depend
heavily on near real-time data transmission.

1. Cloud Gaming
Cloud gaming platforms (such as Xbox Cloud, NVIDIA GeForce NOW, PlayStation Plus Cloud, etc.) run
the game on powerful servers located in data centers.
The player only receives the video stream while sending control inputs back to the server.
To work smoothly, cloud gaming needs:
¢ High bandwidth (to stream HD/4K graphics)
e Low latency (to avoid delay between pressing a button and seeing action on screen)
e Stable connection (no packet loss)
Fiber networks provide:
¢ Download & upload speeds up to 1 Gbps and beyond
e Latency often <10 ms
e Consistent performance even during heavy usage
Result: Smooth, lag-free gaming experience.

2. High-Frequency Trading (HFT)

In stock trading environments, companies use automated systems that buy and sell financial
instruments in microseconds.
Here, even a delay of 1 millisecond can mean huge financial loss.
HFT Networks require:
e Ultra-low latency
¢ High network reliability
e Direct fiber routes between exchanges
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Fiber optic advantages:

e Lightsignals travel faster through fiber than electrical signals through copper.
e High precision, dedicated fiber routes ensure minimum delay.

Result: Traders gain faster market response and competitive advantage.

3. Industry 4.0 (Smart Manufacturing, Automation & Robotics)

Modern factories use loT sensors, robots, automated machines, and Al systems to monitor and control
production in real time.

Examples:

e Robots assembling products

e Automated guided vehicles (AGVs) moving materials

e Sensors monitoring temperature, vibration, and machine health

¢ Real-time analytics dashboards for decision making

These applications require:

¢ Real-time data transfer

e Continuous communication between devices

¢ High reliability & security

Fiber networks deliver:

¢ High bandwidth for large sensor data streams

e Low latency for machine-to-machine communication

e High resistance to electromagnetic interference in industrial environments
e Secure data transmission for operational safety

Result: Optimized production, reduced downtime, improved product quality.
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UNIT 6.2: Installation of Optical Fibers

— Unit Objectives (@

By the end of this unit, the participants will be able to:

1. Discuss the tools for fiber installation (e.g., fish tape, splicing machines, OTDR, VFL) and the
techniques to measure signal loss and maintain network performance.

2. Demonstrate how to check and prepare customer premises for installing Customer Premises

Equipment (CPE), follow GPON installation procedures ensuring correct splitter connections and

fiber termination, and conduct comprehensive tests for connectivity and data speeds at the

customer’s end using tools like OTDR and fiber testers.

Show how to ensure proper sealing of conduits to avoid dust, moisture, or pest intrusion.

4. Demonstrate how to check the site as per the building layout plan, identify the cabling path from
the outdoor fiber landing point to the ONT installation point, and determine horizontal and
vertical cable lengths, considering slack for maintenance and future upgrades.

5. Show how to check load compliance of cable trays, ensure compatibility with existing services like
power and data cables, and lay fiber along tray tracks using proper pulling techniques, ensuring no
damage to the cable jacket or core.

6. Demonstrate how to secure fibers in the trays, maintaining proper slack and tension to avoid
over-tensioning in vertical runs and ensure proper grounding of metallic trays in line with safety
standards.

7. Demonstrate how to pull fiber through conduits using appropriate tools, secure excess fiber
(minimum of 3 meters) at termination points for maintenance purposes and inspect conduit
integrity to prevent electromagnetic interference or mechanical damage.

8. Demonstrate how to install cables through false ceilings using the figure-8 method to prevent
tangling or cable stress, secure cables in conduits above false ceilings to prevent dislodgement
and ensure slack management.

9. Show how to ensure accessibility for future maintenance by marking cable routes clearly.

10. Demonstrate how to terminate and connectorize fiber at the ONT, ensuring signal integrity and
minimal loss, power up and configure the ONT for operational readiness, and conduct live fiber
testing using tools like Visual Fault Locator (VFL) and power meters to confirm signal integrity.

11. Demonstrate how to determine loT device connectivity requirements such as bandwidth and
latency, install network elements or CPEs for IoT devices, and configure ONTs to support loT
devices like smart thermostats, cameras, and voice assistants.

12. Demonstrate how to optimize FTTH installations for emerging IoE applications, ensuring minimal
latency and maximum reliability.

w

— 6.2.1 Fusion Splicing

It is a method to join fiber optic cables together to form a
permanent connection. Here, a splicer machine or an electric arc is
used to produce heat and fuse/weld glass ends that are precisely
aligned together for seamless transmission of light. It has a much
lower attenuation of around 0.1 dB.

Fig. 6.2.1: Fusion Splicer
Fusion splicing is used in a variety of optical fiber networks, including telecommunication, data
communication, and cable television systems. The process is used to create a permanent and reliable
connection between two fibers, ensuring high-quality signal transmission with minimal signal loss. This is
especially important in longer distance installations, where signal degradation due to splice loss can
significantly impact network performance.
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— 6.2.2 Identify the Cabling Path

Inspecting sites and identifying the cabling path from the outdoor fiber landing point to the ONT (Optical
Network Terminal) installation point is an important step in the installation of an optical fiber network.

This process involves several steps which are outlined below:

e Site Inspection: The first step is to inspect the site and determine the location of the outdoor fiber
landing point and the ONT installation point. This helps to determine the best cabling path that can
be used to connect the two points.

e Cabling Path Identification: Inspecting the cabling path from the outdoor fiber landing point to the
ONT (Optical Network Terminal) installation point is a critical step in ensuring the success of a fiber
optic network installation. The following are the steps to inspect the cabling path:

o0 Locate the outdoor fiber landing point: This is the point where the fiber optic cable enters the
building. It is typically located near the telephone or utility pole.

o Verify the fiber count: Confirm the number of fibers in the cable to ensure that it matches the
specifications for the installation.

o Check the condition of the fiber optic cable: Look for any damage, such as cuts, cracks, or
broken fibers. If there is any damage, the cable may need to be repaired or replaced.

o ldentify the cabling path: Trace the path of the fiber optic cable from the outdoor landing point
to the ONT installation point. This may involve crawling through attics, basements, or conduit
runs.

o Check for obstacles: Look for any obstacles that could impede the installation, such as air ducts,
pipes, or electrical wiring.

o Mark the cabling path: Mark the cabling path with tape or markers so that it can be easily
located later.

e Documenting the Cabling Path: Once the cabling path has been identified, it is important to
document the cabling path, including the location of the outdoor fiber landing point, the ONT
installation point, and the route of the cable. This information can guide the installation process
and help resolve any issues that may arise during the installation.

e Mapping the Cabling Path: To ensure that the installation process is efficient and effective, it is
important to map the cabling path, including any obstacles that may need to be overcome, such as
walls, ceilings, and floors. This information can be used to determine the best tools and equipment
needed for the installation process.

e Assessing the Tools and Equipment: Once the cabling path has been identified and mapped, it
is important to assess the tools and equipment that will be needed for the installation. This may
include fish tapes, cable pulleys, and conduit. The tools and equipment should be chosen based
on the specific requirements of the installation, such as the type of cable that will be used, the
distance between the two points, and the presence of any obstacles.

By following these steps, the assistant technicians can ensure that the installation of an optical fiber
network is efficient, effective, and that the cabling path is properly identified and documented.
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— 6.2.3 Managing Cable Slack

Cable slack management is a crucial aspect of fiber optic network installation and maintenance. Cable
slack refers to the extra length of cable that is left after the cable has been installed and terminated.
Proper cable slack management helps to ensure that the fiber optic cable is not damaged during
installation or maintenance, and that it provides reliable and stable performance over time.

The main objective of cable slack management is to maintain a minimum bend radius for the optical
fibers, so that it does not exceed the maximum limit specified by the manufacturer.

To manage cable slack, the following steps are generally followed:

Calculate the Allow for
cable length addilonal

Mark the Install cable Store excess Monitor cable

- Bles
required length cable cable performance

Fig. 6.2.2: Steps to Manage Cable slack

Calculating the horizontal and vertical cable length is an important step in managing the cable slack
in an optical fiber network. The cable slack is the excess length of cable that is left in the installation
to allow for future maintenance or adjustments to the network. Proper cable management helps to
ensure that the network operates efficiently and reliably.

To calculate the horizontal cable length, you will need to measure the distance between the outdoor
fiber landing point and the Optical Network Terminal (ONT) installation point, along the horizontal
plane. This distance will be the total length of cable required, minus the length of the vertical cable that
will be used to connect the horizontal cable to the ONT.

Fig. 5.5.3: Optical Network Terminal (ONT)

To calculate the vertical cable length, you will need to measure the distance between the outdoor fiber
landing point and the ONT installation point, along the vertical plane. This distance will typically be the
height of the building or structure, minus any underground distance between the fiber landing point
and the ONT installation point.

Once you have calculated the horizontal and vertical cable lengths, you can then determine the amount
of cable slack that is required. The amount of cable slack that is needed will depend on the type of
installation, the type of cable, and the intended use of the network.
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For example, in a residential installation, a standard recommendation is to leave around 3 meters (10
feet) of cable slack. In a data center or other high-density installation, the amount of cable slack may
be much larger, allowing for easier maintenance and future network expansions.

It is important to properly label the cable and neatly coil and secure the excess cable in a cable
management system or a designated slack storage area to manage the cable slack. This will help to
ensure that the network operates efficiently and that the cable is protected from damage.

The importance of cable management lies in the following points:

e Protection of cable: Cable slack management helps to protect the fiber optic cable from damage
due to bending, crushing or kinking. This is particularly important for tight-buffered fibers, which
are more vulnerable to damage due to their smaller diameter.

e Reliable performance: Proper cable slack management ensures that the cable remains stable and
secure, and that the optical performance of the cable is not degraded over time.

e Easy maintenance: Cable slack management makes it easier to access the cable for maintenance
and troubleshooting. This helps to reduce downtime and ensure that the network is up and running
as quickly as possible.

¢ Improved cable management: Good cable management helps to ensure that the cable is organized
and easy to manage. This makes it easier to install and maintain the network, and helps to reduce
the risk of cable damage.

e Cost savings: Proper cable slack management can help to reduce the cost of installation and
maintenance by minimizing the risk of cable damage, reducing downtime, and improving network
performance.

6.2.4 Pre-Existing Load and Post-Installation Load

Compliance of the Cable Trays

Measuring the pre-existing load and post-installation load compliance of cable trays is an important
step in ensuring the safety and reliability of the cable installation. This step helps to determine the load-
bearing capacity of the cable trays and to ensure that the cables are installed in such a way that they do
not pose any risk to the structure of the building.

Fig. 6.2.4: Cable Tray
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To measure the pre-existing load and post-installation load compliance of cable trays, the following
steps can be followed:

Assess the weight of the cables: The weight of the cables to be installed in the cable tray should be
determined to calculate the total load on the tray.

Measure the load capacity of the cable tray: Measure the cable tray to determine its length, width,
and height. Using this measurement, calculate the area of the cable tray. Check the specifications
of the cable tray system to determine its maximum load capacity. This information can typically be
obtained from the manufacturer or from the installation manual.

Inspect the cable tray: Before installing the cables, the cable tray should be inspected to ensure
thatitis in good condition and free of any damage or corrosion.

Install the cables: The cables should be installed in the cable tray in an organized and neat manner,
ensuring that the load is distributed evenly.

Measure the post-installation load: After the cables have been installed, the post-installation load
should be measured by placing a load cell or weight gauge on the cable tray. Measuring the post-
installation load of optical fiber cable trays involves determining the amount of weight and stress
the trays are subjected to after they have been installed and cables have been laid within them.

The following steps outline the procedure for measuring the post-installation load of cable trays:

o Obtain necessary equipment: To measure the post-installation load of cable trays, you will
need a load cell, a data logger, and a calibrating weight.

o Install load cell: The load cell should be installed on the cable tray at the location where you
wish to measure the load. The load cell should be securely attached to the cable tray and should
be level.

o Connect data logger: The data logger should be connected to the load cell using a cable. The
data logger will record the readings from the load cell and will store the data for later analysis.

o Apply load: The cable tray should be loaded with the cable and any other components (such
as splices, connectors, and closures) that will be installed in it. The load should be evenly
distributed across the tray.

o Record data: The data logger should be started and allowed to record data for a sufficient length
of time to ensure that an accurate representation of the post-installation load is obtained.

o Analyze data: The data recorded by the data logger should be analyzed to determine the post-
installation load of the cable tray. The data should be compared to the cable tray's load
specifications to ensure that the post-installation load is within the acceptable range.

o0 Repeat measurement: The post-installation load of the cable tray should be measured at
multiple locations to ensure that the load is uniformly distributed across the entire tray. The
measurement should be repeated as necessary to ensure that an accurate representation of
the post-installation load is obtained.

Compare the pre-existing and post-installation load: The pre-existing load and post-installation
load should be compared to determine if the load capacity of the cable tray has been exceeded.
If the load capacity has been exceeded, the cables should be rearranged, or additional cable trays
should be added to distribute the load.

Check for any signs of damage or deformation: After the load has been measured, the cable tray
should be inspected for any signs of damage or deformation, such as cracks or bending. If any
damage is found, the cable tray should be repaired or replaced.
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— 6.2.5 Laying Optical Fiber along Identified Tray Tracks

The procedure for laying optical fiber along the identified tray tracks using an appropriate cable pulling
method involves several steps:

Prepare the cable: Check the cable for any damage or defects, and remove any loose fibers or
debris. Cut the cable to the desired length and prepare the connector end by stripping and splicing
if necessary.

Mark the cable path: Mark the cable path along the tray tracks with chalk or a marker to ensure
the cableis laid correctly.

Install cable clamps: Install cable clamps along the tray tracks to secure the cable in place and
prevent it from moving.

Pull the cable: Choose an appropriate cable pulling method depending on the distance, bend radius
requirements, and other factors. Some common cable pulling methods include: hand pulling, winch
pulling, and cable pulling machines.

Tension the cable: Once the cable is pulled into place, tension it to ensure it is tight and secure.

Secure the cable: Secure the cable to the tray using cable ties or clamps, making sure to leave
enough slack for future moves, adds, and changes.

Test the cable: Test the cable to make sure it is working properly, and check for any potential
problems, such as broken fibers or connectors.

Document the installation: Document the installation, including the cable path, the number of
splices, and the cable length, to help with future maintenance and troubleshooting.

Fiber cable

Fig. 6.2.5: Installation of Fiber Optics along Tray tracks

How to tie the optical fiber along the cable tray?

The procedure to tie the optical fiber along the cable tray involves several steps to ensure that the fiber
is properly secured and protected during installation and over the long-term.
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Fig. 6.2.6: Optical Fiber Tie

The following is a general overview of the procedure:

Choose the appropriate ties: Cable ties should be chosen based on the size and type of the optical
fiber cable. Ties made from a strong, flexible material such as nylon or Velcro are recommended for
optical fiber cables.

|l

Fig. 6.2.7: Velcro Ties Fig. 6.2.8: Plastic Ties

Cut the ties to the appropriate length: The length of the ties should be determined based on the
size of the fiber cable and the amount of slack required for the installation. It is recommended to
cut the ties longer than needed and trim them down as required during installation.

Secure the fiber to the tray: Begin by securing one end of the fiber to the tray using the ties. Loop
the tie around the fiber and the tray, and tighten it securely. Repeat this process, securing the fiber
to the tray at regular intervals along the length of the tray.

Use cable supports: If the fiber cable is long, it may be necessary to use cable supports to keep
the fiber from sagging. Cable supports can be added to the tray by tying the fiber to the support at
regular intervals along the length of the fiber.

Trim excess tie length: Once the fiber is securely tied to the tray, trim the excess length from the
ties to avoid any tripping hazards.
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— 6.2.6 Fiber Pulling Through Conduits

Fiber pulling through conduits is a critical step in the installation of optical fiber networks. It involves the
installation of optical fiber cables from one location to another through a conduit, which is a protective
tube used to house and protect the cable.

The process of fiber pulling requires the use of appropriate tools and techniques to ensure that the
fiber is installed without damage and with sufficient cable slack to prevent tension on the fibers.

e Determine the path of the conduit: The first step in fiber pulling through conduits is to determine
the path of the conduit. This involves mapping out the route that the conduit will take and identifying
any potential obstacles that may need to be avoided, such as corners, bends, or other obstructions.

e Prepare the conduit: The next step is to prepare the conduit. This involves cleaning the inside of
the conduit to remove any debris and dust and ensuring that it is free of any sharp edges or rough
spots that could damage the fiber cable.

¢ Install the strength member: A strength member is a material, such as a rope or cable, that provides
additional support to the fiber cable during the pulling process. The strength member is installed
into the conduit before the fiber cable is pulled through.

e Use the fish tape: The fish tape is a tool used to help guide the fiber cable through the conduit. The
fish tape is inserted into the conduit and used to pull the fiber cable through.

Fig. 6.2.9: Fish Tape

e Pull the fiber cable: The fiber cable is then pulled through the conduit using the strength member
and the fish tape. The cable is pulled in a smooth and steady manner to avoid kinking or damaging
the fibers.

e Maintain cable slack: As the cable is pulled through the conduit, it is important to maintain a
sufficient amount of cable slack to allow for movement and to prevent tension on the fibers. This
can be achieved by using a cable slack storage reel or by tying off the cable in loops along the
conduit.

e Inspect the cable: After the fiber cable has been pulled through the conduit, it is important to
inspect it for any damage or defects. If any damage is found, it should be repaired or replaced
before proceeding with the installation.

&
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Fig. 6.2.10: Pulling Fiber through Conducts

— 6.2.7 Securing Excess Fiber at Termination Point

Securing excess fiber at the termination point is an important step in the installation of an optical fiber
network. This step ensures that the fiber is protected from damage, and prevents it from becoming
tangled or knotted.

There are several methods for securing excess fiber, including:

e N
Cable [Zles or zip Fles

Cable Rles or zip Fles can be used to wrap the excess fiber around the cable
sheath or to secure it to the conduit. This is a simple and effecllve method for
securing excess fiber.

Fiber organizers or spools

\\| Fiber organizers or spools are designed specifically for storing excess fiber.
They provide a secure and organized way to store excess fiber and keep it
protected.

~ Opllcal fiber management panels

Optcal fiber management panels provide a centralized localon for
terminallng and organizing opBlcal fiber cables. They can be used to doe
excess fiber in a secure and organized manner, while also providing
protecklon from damage.

Fiber holders or clips

Fiber holders or clips are designed to hold the excess fiber in place. They can
be alFlached to the conduit or cable tray, and provide a secure way to store
| excess fiber.
_ ‘ y,

Fig. 6.2.11: Ways of Securing Excess Fiber
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— 6.2.8 Cable Installation Through Conduits on False Ceiling

The procedure of installing optical fiber cables through conduits on a false ceiling involves multiple
steps:

e Planning: Before starting the installation, it is important to plan the route of the cables and make
sure that it is in accordance with the building codes and regulations. The path should be free of any
obstructions and should have sufficient space for the conduit and the cables.

e Cutting the conduit: The conduit can be cut to the required length using a saw or a cutter.

e Mounting the conduit: The conduit should be mounted to the false ceiling using appropriate
fittings, such as conduit clips or conduit hangers. It is important to ensure that the conduit is level
and properly secured to prevent it from shifting or moving during the cable installation.

Fig. 2.2.12: Cables through Ceiling

e Pulling the cables: The optical fiber cables can be pulled through the conduit using a pulling eye and
a pulling rope. A fish tape can also be used to thread the cables through the conduit. It is important
to ensure that the cables are not bent beyond the minimum bend radius to avoid damaging the
fibers.

e Securing the cables: The excess cables should be secured at the termination point to prevent
them from moving or shifting. This can be done using cable ties, conduit clamps, or other cable
management accessories.

Fig. 2.2.13: Securing Extra Cable at the Termination Point

e Testing the cables: After the cables have been installed and secured, they should be tested to ensure
that they are functioning properly. This can be done using an optical time domain reflectometer
(OTDR) or other testing equipment.
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6.2.9 Installation of CPE (Customer Premises Equipment)
— and GPON Setup —

1. Checking and Preparing Customer Premises
Before installation, it is important to inspect the site and ensure that the location is suitable and safe for
placing the ONT/CPE.
Steps:
. Confirm Service Location
Identify the demarcation point where the fiber from outside enters the home.
Select a central location for placing the ONT for better Wi-Fi coverage.
. Check Power Availability
Ensure there is a nearby power socket for ONT and router.
Confirm that power supply is stable to avoid device malfunction.
. Avoid Hazard Areas
Do not install near water sources, direct heat, or metal enclosures.
Ensure ONT is placed away from interference sources (microwave, heavy electronics).
. Customer Confirmation
Explain installation placement to customer and take approval before drilling or fixing cable clips.

O O O WO O NO O B+

2. Following GPON Installation Procedure

2.1 Fiber from Distribution Point to Splitter

e Ensure the fiber route from the building entry point to the customer area is properly traced.
e Use predefined splitter ports as per the network design (e.g., 1:8, 1:16).
2.2 Correct Splitter Connections

¢ |dentify the input port (IN) and output ports (OUT) of the splitter.

e Ensurethe PON (OLT-side) fiber connects to IN.

e Ensure the drop fiber to ONT connects to OUT.

e Use labeled fibers to avoid mismatch.

2.3 Fiber Drop Cable Termination

e Strip outer jacket carefully using fiber tools.

¢ Clean bare fiber with isopropyl alcohol wipes.

¢ Terminate fiber using the assigned connector type (often SC/APC).

e Ensure the connector end-face is clean using a fiber cleaning stick.

2.4 Connecting the ONT (CPE)

¢ Insertthe drop fiber into the PON port of ONT.

e Connect LAN/phone/set-top box cables as required.

e Power ON the ONT and check PON indicator:

o Stable Green: Good connection

o Blinking/Red: Recheck fiber power or connector seating

P
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3. Testing for Connectivity and Data Speed

Testing ensures that the fiber link is correct, strong, and stable.

3.1 Using Fiber Power Meter or Fiber Tester

e Measure received optical signal level (Rx) at the ONT.

e Ensure signal is within acceptable design range (for example: =15 dBm to —25 dBm, depending on
network plan).

3.2 Using OTDR (Optical Time Domain Reflectometer)
Use OTDR mainly when:

e Signal loss is suspected

¢ Fiber pathis long or disturbed

What OTDR checks:

¢ Fiber joint/splicing loss

e Connector loss

e Breaks or bends in fiber

e Total length of the fiber link

3.3 Data Speed & Service Verification

. Connect a mobile or laptop to ONT Wi-Fi or LAN.

. Use a speed test app/website to verify data throughput.
Check:

Download speed

Upload speed

Ping (latency)

. Ensure the customer can:

Access the internet

Make VolIP calls if applicable

Stream video without buffering if IPTV/OTT is provided
. Final Steps

Neatly secure fiber with clips or conduits.

Label the installed cable route if required.

Educate the customer on:

ONT lights meaning

How to restart ONT safely

Whom to contact for support

e O OO A~AOOOWNR
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—6.2.10 Terminating, Connectorizing, and Testing Fiberat __
the ONT

To ensure a reliable connection at the customer location, the fiber must be properly terminated and
tested at the Optical Network Terminal (ONT). First, strip and cleave the fiber carefully and attach the
connector using a fusion splicer or mechanical connector. Ensure the fiber end faces are clean and
properly aligned to minimize signal loss. Connect the terminated fiber to the ONT input port securely
without bending the fiber beyond its minimum bend radius.

Power on the ONT and wait for synchronization with the Optical Line Terminal (OLT). Configure the ONT
as per service provider settings (e.g., authentication details, VLAN, PPPoE if required). Once powered
and configured, perform live testing. Use a Visual Fault Locator (VFL) to check for breaks or micro-bends
by observing the red light leak along the fiber route. Then, use a Power Meter to measure received
optical power levels and ensure they fall within the acceptable range specified by the service provider.
Confirm internet connectivity, signal strength, and service stability. This ensures the fiber link is properly
terminated, losses are minimized, and the ONT is fully operational for service delivery.

—6.2.11 loT Device Connectivity Setup and ONT Configuration _

loT devices such as smart cameras, thermostats, and voice assistants require stable bandwidth and low
latency to function smoothly. Begin by identifying the number and type of loT devices in the customer
premises. For example, smart cameras need higher bandwidth and low delay, while voice assistants
work well with moderate bandwidth but require uninterrupted connectivity. Check the customer’s
broadband plan to ensure it supports the required speed and device load.

Install the necessary network elements or additional CPE such as Wi-Fi extenders or mesh routers if
coverage is weak in certain rooms. Ensure devices are placed within strong Wi-Fi signal zones and not
blocked by walls or interference sources.

Configure the ONT settings to support loT devices by enabling features like 2.4 GHz Wi-Fi for
compatibility, 5 GHz for high-speed devices, and QoS prioritization for cameras or smart security
systems. Connect each loT device to the ONT or home Wi-Fi network using proper pairing methods (QR
scan, app setup, or WPS). Verify device responsiveness and check latency or video stream performance
where applicable.

This ensures that 10T devices operate reliably with the required bandwidth, stable wireless coverage,
and optimized ONT configuration for seamless smart home functionality.
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__6.2.12 Demonstrate how to optimize FTTH installations for _
emerging loE applications, ensuring minimal latency and
maximum reliability

Optimizing FTTH for loE Applications

To support loE applications like smart homes, remote monitoring, and connected appliances, the FTTH
link should be installed and configured to provide low latency and high reliability. Begin by maintaining
proper fiber handling—avoid sharp bends, ensure clean splices, and use high-quality connectors to
minimize signal loss. Manage cable slack neatly and ensure all joints are protected to prevent micro-
bending that can increase latency and reduce signal strength.

Ensure the ONT is centrally located for strong home-wide Wi-Fi coverage, or add Wi-Fi extenders/mesh
nodes where required to remove weak signal zones. Enable both 2.4 GHz (for long range loT sensors)
and 5 GHz (for high-speed devices) on the ONT or router.

Configure QoS (Quality of Service) to prioritize real-time applications such as security cameras, smart
locks, or voice assistants. Regularly check fiber power levels using a power meter and verify continuity
using a VFL or OTDR if performance drops.

By maintaining proper fiber installation practices, ensuring strong home network coverage, and
applying basic configuration settings, the FTTH network delivers stable, low-latency, and reliable
connectivity needed for IoE environments.
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— Unit Objectives |©
By the end of this unit, the participants will be able to:
1.

w
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UNIT 6.3: Testing Installed Network

Show how to validate ONT connectivity to loT devices and smart home systems, ensuring proper
data throughput.

Show how to identify potential cybersecurity vulnerabilities in FTTH installations and mitigate risks
using secure installation practices, configure ONTs with secure settings including password
protection, encryption protocols, and firewalls, and conduct penetration tests to identify potential
security risks and validate network integrity.

Elucidate the documentation requirements for installation, testing, and cybersecurity compliance.
Demonstrate how to provide customers with guidelines for maintaining network security,
including password updates and device firmware updates.

Show how to troubleshoot network issues related to CPE, resolve common complaints related to
fiber connectivity, signal loss, and ONT/router configurations, and provide basic troubleshooting
training to customers, explaining technical details in easy terms and addressing their concerns.
Show how to determine the infrastructure requirements for Triple-Play services, configure ONT
settings to enable these services, and test High-Speed Internet, VolP, and IPTV services for Quality
of Service (QoS) parameters like latency, jitter, and packet loss.

Show how to test loT device compatibility with installed FTTH networks to ensure seamless
integration and coordinate with customers for specific loT device setups and provide technical
guidance.

Demonstrate how to coordinate with service providers to address issues with VolP call quality,
IPTV buffering, or internet speeds.

6.3.1 Fiber Termination at Optical Network Terminal (ONT)
[ & Telecommunication Outlet (TO)

Optical Network Terminal (ONT)

An Optical Network Terminal (ONT) is a device that connects a fiber-optic cable to the end user's
equipment. It is used in Fiber-to-the-Home (FTTH) networks to provide high-speed internet, television,
and telephone services to homes and businesses.

The ONT takes the optical signals from the fiber-optic cable and converts them into electrical signals
that can be used by the end user's equipment. The ONT also performs the reverse function of converting
the electrical signals from the end user's equipment into optical signals that can be transmitted over
the fiber-optic cable.

Termination Point (TP)

Optical Fibre Cable

Fig. 6.3.1: Pictorial Diagram of ONT
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The ONT is important for several reasons:

e High-speed connectivity: ONTs allow for high-speed connectivity, providing users with fast and
reliable internet, television, and telephone services.

e Easy installation: ONTs are easy to install and do not require extensive cabling work, making them
a convenient option for homes and businesses.

¢ Flexibility: ONTs can be easily reconfigured or relocated as needed, providing users with the
flexibility to change their service providers or upgrade their services.

e Increased reliability: Optical fiber networks are known for their reliability, and the ONT provides
the final connection to ensure that this reliability extends to the end user.

Overall, the ONT is an essential component of fiber-optic networks, providing the interface between
the fiber-optic network and the end user's equipment and allowing for high-speed, reliable, and flexible
services.

Fiber termination at the Optical Network Terminal (ONT) is the process of connecting the optical fiber
cable to the ONT, which acts as the interface between the optical fiber network and the customer's
equipment. This process involves stripping the protective coating from the optical fiber, cleaving the
fiber to a precise length, and then splicing the fiber to the pigtail of the ONT.

~ 0
1 55 (SRR |

sop seare_ e (IR |
P

Ethernet
2 ',I' N
Telephone N

Fit through the slit

/

Telephone
jumper bent
away

Fig. 6.3.2: Optical Network Terminal (ONT)

The significance of fiber termination at the ONT is that it allows the conversion of the optical signals
into electrical signals that can be used by the customer's equipment. This conversion is performed by
the ONT's optical-electrical converter, which converts the optical signals into electrical signals that can
be transmitted over copper cables to the customer's equipment.

Fiber termination at the ONT is important for several reasons.

Firstly, it ensures that the optical signals are converted into electrical signals in a controlled and
standardized manner, which helps to ensure the reliability and consistency of the signals.

Secondly, the ONT acts as a protective barrier for the optical signals, helping to prevent any damage to
the optical fiber from the customer's equipment.
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Finally, the ONT provides the customer with a convenient and accessible point of connection to the
optical fiber network, simplifying the installation process and reducing the costs associated with
deploying fiber optic networks.

Configuring the ONT

The ONT is responsible for converting the optical signals from the fiber-optic cable into electrical signals
that can be used by devices such as computers and routers.

The following is a general outline of the steps involved in configuring an ONT:

Connect the ONT to a power source: The ONT must be connected to a power source before it can
be configured.

Connect the ONT to a computer or router: The ONT must be connected to a computer or router to
allow for configuration. This is typically done using an Ethernet cable.

Access the ONT's configuration interface: To configure the ONT, you will need to access its
configuration interface. This is usually done by accessing the ONT's IP address using a web browser.
Login to the ONT: Once you have accessed the ONT's configuration interface, you will need to log
in using the ONT's username and password.

Configure the ONT's settings: Once logged in, you can configure the ONT's settings, such as IP
address, subnet mask, and default gateway.

Test the connection: After configuring the ONT's settings, it is important to test the connection to
make sure that everything is working correctly.

Save the configuration: Finally, make sure to save the ONT's configuration before exiting the
configuration interface.

Testing ONT using IP Network

To test the Optical Network Terminal (ONT) using an IP network, you will need to follow these steps:

Connect the ONT to the network: Connect the ONT to the network using an Ethernet cable. The
cable should be connected to the LAN port of the ONT and to a switch or router that is connected
to the network.

Power up the ONT: Turn on the power supply to the ONT. You should see the status LED turn on to
indicate that the ONT is powered up.

Assign an IP address: Assign an IP address to the ONT. This can be done either through the router's
web interface or by using a command line interface. The IP address should be in the same subnet
as the other devices on the network.

Steps to assign an IP address to an Optical Network Terminal (ONT) using a router's web
interface:

1. Opena web browser and type in the router's IP address. Enter the username and password
to loginto the router's web interface.

Navigate to the DHCP client list, which displays the connected devices and their IP addresses.
Find the ONT in the list of connected devices. The ONT will likely be listed as a device with a
manufacturer name or as "unknown".

4. Click on the "Edit" or "Modify" button next to the ONT in the DHCP client list. Select the
option to assign a static IP address and enter the desired IP address, subnet mask, and
default gateway
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5. Click on the "Save" or "Apply" button to save the changes. The router will update the IP
address for the ONT.

6. To test if the ONT is working, try accessing its web interface using the newly assigned IP
address. If successful, the ONT is now connected to the IP network and ready for use.

The process to assign an IP address to ONT using the command line interface:

1. Connect to the CLI of your router or switch using a terminal program such as Putty,
HyperTerminal, or Telnet.
Login to the device using the appropriate credentials.

Enter the command prompt mode by typing the appropriate command for your device. For
example, you may need to type "enable" to enter the privileged mode on some devices.

Type the command "configure terminal" to enter the configuration mode.

5. Type the command "interface [interface-name]" to specify the interface where the ONT is
connected. The interface name may vary depending on your device.

6. Type the command "ip address [ip-address] [subnet-mask]" to assign an IP address and
subnet mask to the specified interface. For example, you may type "ip address 192.168.1.100
256.256.255.0".

Type the command "no shutdown" to enable the interface.
Type the command "exit" to exit the configuration mode.
Type the command "write memory" to save the changes to the device's configuration

e Ping the ONT: Use the ping command to verify that the ONT is reachable from the network. This
will test if the ONT is configured properly and if there are any connectivity issues.

e Test the ONT's network connectivity: Test the ONT's network connectivity by pinging a device
on the network, such as a router or switch, from the ONT. This will verify that the ONT is able to
communicate with other devices on the network.

e Test the ONT's optical connectivity: Test the ONT's optical connectivity by using an optical power
meter to measure the optical power at the ONT. This will verify that the ONT is receiving optical
power from the fiber optic cable and is able to convert it into electrical signals.

e Test the ONT's data connectivity: Test the ONT's data connectivity using a network analyzer to
verify that the ONT can transmit and receive data properly. This will test the integrity of the ONT's
Ethernet interface and verify that the ONT is able to communicate with other devices on the
network.

Telecommunication Outlet (TO)

A telecommunications outlet (TO) is a standardized, modular jack that provides a physical interface
for connecting telecommunication equipment such as phones, computers, and other devices. The TO
is typically installed in a wall or other surface and serves as a convenient location for users to connect
their devices to the telecommunications network.
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Fig. 6.3.3: Telecommunications Outlet (TO)

TOs are standardized to ensure compatibility with a wide range of devices and to make it easier to
install, maintain, and upgrade the telecommunications infrastructure. The standardization of TOs
helps to ensure that all users have access to a consistent level of service and makes it easier for
telecommunications service providers to upgrade their networks as needed.

Telecommunication Outlet (TO) refers to a location in a building where an optical fiber terminates and
provides a connection point for user equipment such as a computer, telephone or other communication
device. The fiber termination at the TO involves attaching the optical fiber to a connector, which is then
plugged into the appropriate port on the communication device.

The fiber termination process at the TO typically involves the following steps:

e Prepare the fiber: This involves removing any excess fiber, cleaning the fiber end and inspecting it
for any damage or contamination.

e Attach the connector: A connector such as an SC, LC or ST connector is attached to the optical fiber
using an appropriate tool such as a connector crimper.

e (Clean the connector: The connector should be cleaned to remove any dirt or debris before
installation.

¢ Install the connector in the TO: The connector is then inserted into the appropriate port on the TO
and secured in place.

e Test the connection: The connection should be tested using an optical power meter or light source
to ensure that the connection is stable and that there is no loss of signal.

6.3.2 Visual Fault Locator (VFL)

A Visual Fault Locator (VFL) is a handheld device that is used to detect faults in optical fiber cables. It
works by emitting a bright, visible laser light into the fiber, which makes it easy to locate the fault. VFLs
are commonly used for testing and troubleshooting optical fiber networks, and are an important tool
for ensuring the reliability and performance of the network.
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Fig. 6.3.4: Visual Fault Locator (VFL)

To operate a Visual Fault Locator (VFL), follow these steps:

e Connect the VFL to the optical fiber: Connect the VFL to the optical fiber using the appropriate
connector. The connector should be clean and free of debris, to ensure a good connection.

e Turn on the VFL: Turn on the VFL by pressing the power button. The VFL will emit a bright, visible
laser light into the fiber.

e Check for faults: Begin at one end of the fiber and inspect the entire length of the fiber, looking for
any visible breaks or bends in the fiber. The VFL will make it easier to detect these faults, as the light
from the laser will not be able to pass through the broken or bent portion of the fiber.

e Locate the fault: If a fault is found, use the VFL to locate the exact location of the fault. This can be
done by moving the VFL closer or further away from the fault, until the light from the laser is no
longer visible.

e Repair the fault: Once the fault has been located, it can be repaired by splicing or terminating the
fiber at that point.

Fig. 6.3.5: Using a Visual Fault Locator (VFL)

It is important to follow proper safety procedures when using a Visual Fault Locator (VFL), as the laser
light emitted by the VFL can be hazardous to the eyes. Always wear protective eye gear and follow the
manufacturer's instructions for the safe use of the VFL.
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— 6.3.3 Test Live Fiber using Fiber Detection Meter

A fiber detection meter is an instrument used to detect live optical fibers in order to avoid damage
during installation or maintenance. The device sends out a low-power light source through a connector,
and the light is received at the other end of the fiber through another connector. If the fiber is live, the
light will be transmitted through the fiber and the device will display a signal indicating that the fiber
is active.

To test a live fiber using a fiber detection meter, follow these steps:

e Connect the source port of the meter to the optical fiber connector at one end of the fiber.
e Connect the receiver port of the meter to the optical fiber connector at the other end of the fiber.
e Turn onthe meter and set it to the appropriate wavelength for the optical fiber being tested.

e Observe the readings on the meter's display. If the fiber is live, the meter should display a signal
indicating the presence of a light source at the other end of the fiber.

e |If the fiber is live, the meter may also display the optical power level and the optical return loss,
which can be used to assess the quality of the fiber connection.

e Repeat the test at different points along the fiber to ensure that the fiber is live throughout its
length.

— 6.3.4 Validating ONT Connectivity to IoT and Smart Home  —
Devices

To ensure loT devices (such as smart cameras, voice assistants, thermostats, and smart lights) work
properly on an FTTH network, the ONT must be correctly connected, configured, and tested for
required bandwidth and data flow.

Steps to Validate Connectivity

Connect loT Device to ONT/Router

Use Wi-Fi or Ethernet for connection.

Confirm the device appears in the ONT/Router device list (Client List).

Check Signal and Network Parameters

Ensure Wi-Fi signal strength is adequate (typically above -65 dBm for stable loT performance).
Confirm the device receives an IP address via DHCP.

Verify Data Throughput

Run a basic speed/latency test:

Ping the device from the router/PC (ping <device IP>).

Ensure stable latency (should generally be below 100 ms).

Test Device Functionality

For Cameras: Confirm live video streaming without buffering.

For Voice Assistants: Test command response time.

For Smart Appliances: Check mobile app pairing and status update frequency.

Optimize if Needed

Place device within Wi-Fi coverage area.

Enable correct Wi-Fi band (2.4 GHz is preferred for loT stability).

Ensure no bandwidth-heavy devices are congesting the network.
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— 6.3.5 Cybersecurity Practices in FTTH Installations

To maintain a secure FTTH network, it is important to identify risks, apply secure settings on ONTs,
and check the network for possible vulnerabilities.

1. Identifying Cybersecurity Vulnerabilities

Common risks in home FTTH setups include:

e Default ONT passwords still in use

e Unsecured Wi-Fi (Open or weak passwords)

e Unused ports enabled on ONT/router

e Qutdated firmware on ONT or router

Check During Installation:

e Verify the ONT/Router is not using factory-default credentials.
e Ensure Wi-Fi security mode is WPA2/WPA3 (not WEP).

* Look for unknown devices connected to the network.

2. Securing the ONT Configuration

Steps:

e Change Default Login Password

Use a strong password: mix of letters, numbers, and symbols.
¢ Enable Encryption Protocol (WPA2/WPA3) for Wi-Fi.

e Turn Off WPS (to prevent unauthorized access).

e Disable Unused LAN/WAN Ports.

e Enable ONT Firewall Settings

Select Medium or High firewall level.

e Update ONT Firmware to the latest version if needed.

3. Basic Penetration and Security Testing

To confirm network security:

e Ping the network to check for unusual latency or packet loss.

e Run a port scan (using tools like basic router diagnostics) to ensure only required ports are active.

e Attempt connecting to the Wi-Fi from outside the premises to verify coverage does not extend
excessively.

e Check if any unknown devices reconnect after configuration.

By securing passwords, enabling encryption, configuring firewalls, and doing basic vulnerability

checks, the FTTH network remains protected from unauthorized access, ensuring safe and reliable

service for users.
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— 6.3.6 Documentation Requirements for Installation, Testing, —
and Cybersecurity Compliance

Proper documentation ensures that the installation is traceable, service performance is verifiable, and
network security practices are followed.

1. Installation Documentation

Record:

e Customer details and service ID

ONT model, serial number, and MAC/LOID number

e Fiber route details and termination points (ODF = Splitter = ONT)

¢ Type of connectors used (SC/APC, LC, etc.)

e Power levels measured at the ONT during installation

Purpose: Helps in future maintenance, upgrades, and troubleshooting.

2. Testing Documentation

Maintain test results for:

e QOptical power levels (in dBm)

e Continuity tests using VFL

e Signal quality measured using power meter or OTDR (if available)

e Speed test results (Download/Upload and Ping)

Purpose: Confirms service quality and proves network performance meets standards.
3. Cybersecurity Compliance Documentation

Record steps taken to secure the network:

e Change of default ONT username/password

e Wi-Fi security mode set to WPA2/WPA3

¢ Firewall status and blocked/closed ports

e Firmware version and update status

e List of connected/authorized devices

Purpose: Ensures the customer's network is protected and meets security guidelines.

— 6.3.7 Network Security Maintenance in FTTH Installations ——

In FTTH networks, securing the ONT, router, and connected devices is essential to prevent
unauthorized access, data loss, or service misuse. Even after a proper installation, the network
remains exposed if passwords are weak, firmware is outdated, or Wi-Fi security settings are not
properly configured. Therefore, maintaining security settings and preparing the network for safe
usage is a necessary part of the installation process.

Key Security Measures Applied During Installation

Password Configuration

Replace factory-default ONT and Wi-Fi passwords.

Generate strong passwords using a mix of characters.

Record updated passwords in the installation report/log (as per organization policy).

Firmware and Software Updates

Check ONT/router firmware version during setup.

Update firmware if required and permitted.

Ensure auto-update features are enabled where applicable.

Wi-Fi and Network Security Settings

Enable WPA2/WPA3 encryption.

Disable WPS to avoid unauthorized access.

Verify only required network ports and services are active.

— B/
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4. Device Visibility and Control
o Confirm the ONT/Router interface displays accurate connected device lists.
o Ensure any unknown or unnecessary devices are not present during commissioning.

— 6.3.8 Coordination for Resolving Service Quality Issues in —
FTTH Networks

In FTTH networks, issues such as VolP call disturbances, IPTV buffering, or slow internet speeds can
result from backend network problems, bandwidth limitations, configuration errors, or service
provider-level faults. Since these issues may not always be within the premises, effective coordination
with the service provider’s technical team is necessary. Understanding basic service behavior and
being able to clearly describe the fault helps speed up resolution and ensures customer satisfaction.

Skills and Steps for Effective Coordination
1. Identify and Verify the Problem On-Site
e Check ONT and router indicators for PON, LOS, LAN, and Wi-Fi status.
e Confirm fiber integrity using VFL or power meter.
e Perform basic tests:
VolP: Check jitter, packet loss, and audio delay.
IPTV: Observe buffering, resolution drops, or freezing.
Internet: Run speed test and compare with subscribed plan.
. Document Key Technical Details Before Reporting
Record:
e ONT serial number and signal power level (dBm).
e Router status and Wi-Fi channel.
e Device count connected to network.
e Speed test and ping results.
e Observation of error messages (if any).
This information helps backend support diagnose faster.
3. Coordinate with Service Provider Support Team
e Contact the support/helpdesk or field supervisor.
Share collected technical details clearly and accurately.
Mention whether the issue is:
o Line-related (fiber break, high attenuation),
o Network-related (OLT, VLAN, or profile issue), or
o Device-related (ONT/router configuration).
Use precise, simple descriptions like:
e “VolIP jitter is above acceptable range”
e “IPTV stream freezing despite strong signal at ONT”
4. Follow Recommended Troubleshooting from Service Provider
e Apply any profile updates or ONT/Router configuration changes as advised.
¢ Reboot ONT/Router after backend configuration pushes.
e Confirm issue resolution through repeat testing.
5. Communicate Outcome
Briefly explain what was fixed and steps taken to prevent recurrence (no deep technical jargon).
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— Exercise

Multiple-choice Question
1.

vk wnbS

N

A is a handheld device that is used to detect faults in optical fiber cables.
a. Visual Fault Locator (VFL) b. Sensors

c. Valves d. Switches

refers to the minimum radius that an optical fiber cable can bend without causing any
damage to the cable

a. Bend radius b. Fibre properties

c. Radius gauge d. Cable measurement

The core is the center of the optical fiber cable and is made of highly transparent glass
or plastic.

a.Core b. Buffer

c.VLF d. ONT point

is a method to join fiber optic cables together to form a permanent connection.

a. Fusion Splicing b. Fibre termination
c. Cabling path d. Cable staking
through conduits is a critical step in the installation of optical fiber networks.
a. Fiber pulling b. Fibre manipulating
c. Fibre optimizing d. Fibre cutting

Answer the following:

Describe different types of fibre optic cables.

What are the Parts of Optical Fiber Cable?

Describe the process that is initiated to identify the Cabling Path.
What is fiber pulling through conduits?

Describe the function of visual fault locator.




— Notes
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Scan the QR codes or click on the link to watch the related videos

https://www.youtube.com/watch?v=wGaJMVQt7qc https://www.youtube.com/watch?v=PFleggsQFrs

Bend Radius - EXFO's Animated Glossary of Fiber How To Fusion Splice Fiber Optic Cable - Animated

Optics



https://www.youtube.com/watch?v=wGaJMVQt7qc
https://www.youtube.com/watch?v=PFIegqsQFrs
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— Key Learning Outcomes | ¢
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By the end of this module, the participants will be able to:

Explain the construction of fiber optics and methods for protecting fibers from environmental
damage.

Describe required PPE for fiber optic installations, including safety glasses and cut-resistant
gloves.

Elucidate the benefits of PPE in terms of safety, injury prevention, and regulatory compliance.
Discuss safety features, limitations, and maintenance of protective equipment.

Explain laser safety guidelines and risk levels of various laser classes used in fiber optics.

Describe hazards such as micro-shards and laser exposure, along with safe disposal practices for
fiber scraps.

Demonstrate appropriate eye-safety measures when working with laser-emitting devices like
ONTs and splicing equipment.

Show how to safely handle bare fiber, broken ends, and scraps, ensuring proper disposal.
Demonstrate safe handling of Class 1M and higher laser devices following laser safety rules.

Show how to use and maintain safety gear such as gloves, boots, and protective eyewear.

Explain the construction of fiber optics and methods for protecting fibers from environmental
damage.

Describe required PPE for fiber optic installations, including safety glasses and cut-resistant
gloves.

Elucidate the benefits of PPE in terms of safety, injury prevention, and regulatory compliance.
Discuss safety features, limitations, and maintenance of protective equipment.

Explain laser safety guidelines and risk levels of various laser classes used in fiber optics.

Describe hazards such as micro-shards and laser exposure, along with safe disposal practices for
fiber scraps.

Demonstrate appropriate eye-safety measures when working with laser-emitting devices like
ONTs and splicing equipment.

Show how to safely handle bare fiber, broken ends, and scraps, ensuring proper disposal.
Demonstrate safe handling of Class 1M and higher laser devices following laser safety rules.

Show how to use and maintain safety gear such as gloves, boots, and protective eyewear.

Discuss layout of associated services such as gas pipelines and electrical cables and how to avoid
consequential damage.

Demonstrate fire safety practices when using high-voltage arc fusion splicers and heating tools.
Show how to adhere to electrical safety norms when working alongside electrical cables and
active power sources.

Demonstrate how to identify and mitigate hazards like confined spaces, sharp edges, and high
temperatures.

Show how to safely handle pre-terminated fiber assemblies and connectors to prevent
contamination or damage.

Describe procedures for handling emergency situations, including accidental fiber cuts and high-
voltage exposure.

Identify different health and safety hazards at FTTH installation sites and define limits of personal
responsibility.

Discuss roles and responsibilities related to legislative and organizational safety procedures.
Discuss the importance of maintaining high standards of safety and implications of non-
compliance.

Demonstrate safe cable routing techniques to avoid damage to existing infrastructure (gas,
electrical, water pipelines).
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UNIT 7.1: Safety Regulations, Roles, and Worksite Hazard
Awareness

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Identify different health and safety hazards at FTTH installation sites and define limits of personal
responsibility.

2. Discuss roles and responsibilities related to legislative and organizational safety procedures.

3. Discuss the importance of maintaining high standards of safety and implications of non-
compliance.

4. Discuss layout of associated services such as gas pipelines and electrical cables and how to avoid
consequential damage.

5. Show how to adhere to electrical safety norms when working alongside electrical cables and
active power sources.

6. Demonstrate how to identify and mitigate hazards like confined spaces, sharp edges, and high
temperatures.

7. Demonstrate fire safety practices when using high-voltage fusion splicers and heating tools.

8. Describe the implications that any non-compliance with health, safety and security may have on
individuals and the organization.

7.1.1 Legislative Requirements and Organizations
— Procedures for Health, Safety and Security and Role and
Responsibilities

Legislative requirements for health, safety and security and role and responsibilities while working
with optical fibre

In India, the legislative requirements for health, safety, and security when working with optical fibre are
governed by several acts and regulations. The main acts that govern health, safety, and security in the
workplace are the Factories Act, 1948 and the Mines Act, 1952. Additionally, the Occupational Safety,
Health, and Working Conditions Code, 2020 (OSH Code) was recently enacted and aims to consolidate
and simplify the existing labor laws in India. Under these acts and regulations, the employer is
responsible for ensuring the safety and health of their employees, and employees have a responsibility
to follow safety procedures and use protective equipment when required.

When working with optical fiber, some of the key legislative requirements include:
e Personal Protective Equipment (PPE): Employers are required to provide appropriate PPE such as
safety glasses, gloves, and respiratory protection to employees working with optical fibers.

e Proper training: Employees working with optical fibers must be trained on how to handle and
install them safely.

e Adequate ventilation: Employers must ensure that there is adequate ventilation in the workplace
to prevent the buildup of hazardous fumes and dust.

e Proper storage: Optical fibers must be stored in a safe and secure manner to prevent damage and
ensure their integrity.

e Emergency procedures: Employers must have emergency procedures in place in case of accidents
orinjuries related to optical fibers.
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Organizations procedures for health, safety and security and role and responsibilities

The procedures for health, safety, and security that are followed while installing optical fiber in India
vary depending on the specific organization and project. However, generally, the following procedures
are commonly followed:

e Risk Assessment: Before beginning any project involving optical fiber installation, a risk assessment
is conducted to identify potential hazards and risks. This helps in identifying the necessary safety
measures to be taken to minimize the risks.

e Personal Protective Equipment: Employees who are involved in the installation of optical fibers are
provided with appropriate personal protective equipment (PPE) such as safety glasses, gloves, and
respiratory protection.

e Proper Training: All employees who will be working with optical fibers are given proper training on
how to handle and install them safely. This includes training on the correct use of PPE, the correct
handling and installation procedures, and emergency procedures.

e Site Preparation: The site is prepared prior to installation to ensure a safe work environment. This
includes checking for potential hazards such as electrical wiring, ensuring that the work area is well
ventilated and well-lit.

e Safe Work Practices: Safe work practices are followed throughout the installation process. This
includes proper handling and storage of optical fibers, proper use of equipment, and adherence to
safety protocols.

e Emergency Procedures: Emergency procedures are established and communicated to all employees
in case of accidents or injuries related to optical fibers. This includes procedures for reporting
incidents, first aid, and evacuation if necessary.

The role and responsibilities of individuals involved in optical fiber installation in India include:

e Employers: Employers have a responsibility to ensure that all employees involved in the installation
of optical fibers are provided with proper training, PPE, and a safe work environment.

e Supervisors: Supervisors are responsible for ensuring that safe work practices are followed and
that employees are adhering to safety protocols.

e Employees: Employees have a responsibility to follow safe work practices, use PPE when required,
and report any hazards or incidents to their supervisor.

Overall, the procedures for health, safety, and security during optical fiber installation in India are critical
to ensure a safe work environment for all individuals involved in the project. Employers, supervisors,
and employees all have important roles and responsibilities in ensuring that these procedures are
followed.

— 7.1.2 Health and Safety Hazards in a Workplace

The risks involved in handling fibre optic cables tend to be different from those associated with
traditional wiring in certain ways, yet they share many shared inherent risks because of their position.
Certain risk evaluations must be followed because fibre optic installation standards are different from
those for regular cables. Some of the common risks that are faced during optical fibre installation are
as follows:

e Many of the cables are accessed through manholes, and handling fibre optic cables is dangerous
because confined spaces can contain explosive atmospheres, pose asphyxiation risks, and result in
injuries from coming into contact with active equipment. If an electric arc is employed, there is a
risk of fire, especially if combustible gases are present.
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e Others are situated on poles, where risks from falling from heights and from live overhead
conductors can exist.

e Fibre optic cables can harm your eyes, especially if you inspect them with lenses or a microscope
since they emit invisible infrared radiation. If Class 11 lasers are in use, the hazard threshold is
elevated much more.

e Glass fragments can cause skin harm while handling fibre optic cables, and the risk increases if they
are ingested, which can cause severe internal organ damage.

e Cleaning or processing of fibres frequently involves the use of chemicals, which should only be
done in well-ventilated spaces.

e Other waste handlers may be put in danger if glass fragment garbage is not properly disposed of.

7.1.3 Preparation of Report Hazards

The process of preparing a hazards report related to optical fiber communication typically involves the
following steps:

e Hazard Identification: The first step is to identify all potential hazards that may be associated with
optical fiber communication. This includes hazards related to the installation, maintenance, and
operation of the communication equipment and systems.

e Risk Assessment: Once the hazards have been identified, a risk assessment is conducted to
determine the likelihood and potential consequences of each hazard. This helps to prioritize the
hazards and identify the most significant risks.

e Control Measures: Control measures are then identified and implemented to mitigate the
risks associated with each hazard. These control measures may include engineering controls,
administrative controls, and personal protective equipment (PPE).

e Hazards Report: Based on the results of the hazard identification, risk assessment, and control
measures, a hazards report is prepared. This report includes a detailed description of the hazards
identified, the potential consequences of these hazards, and the control measures that have been
implemented to mitigate the risks.

¢ Review and Update: The hazards report is reviewed regularly and updated as necessary to ensure
that it remains current and relevant.

Operators preparing a hazards report related to optical fiber communication should ensure that
they have the necessary expertise and training to identify hazards and implement effective control
measures. They should also follow established procedures and guidelines to ensure that the hazards
report is comprehensive and accurate. Additionally, they should involve relevant stakeholders such as
employees, contractors, and regulatory bodies in the hazard identification and risk assessment process
to ensure that all potential hazards are identified and appropriately addressed

7.1.4 Responsibility for Dealing with Hazards

Dealing with hazards related to optical fiber installation requires a shared responsibility among
different parties involved in the installation process. The following are the key stakeholders responsible
for dealing with hazards related to optical fiber installation:

e Employers: Employers are responsible for providing a safe work environment for their employees.
This includes providing appropriate personal protective equipment (PPE), ensuring that employees
receive adequate training on how to handle and install optical fibers safely, and implementing
proper safety procedures and protocols.
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e Contractors: Contractors are responsible for ensuring that their employees and subcontractors
follow proper safety procedures and protocols while working on the installation of optical fibers.

e Employees: Employees have a responsibility to follow proper safety procedures, use appropriate
PPE when required, and report any hazards or incidents to their supervisor.

e Regulatory Bodies: Regulatory bodies such as the Ministry of Labour and Employment and the
National Safety Council in India, are responsible for enforcing safety regulations and guidelines
related to optical fiber installation.

e Designers and Engineers: Designers and engineers are responsible for ensuring that the optical fiber
installation is designed to be safe and compliant with relevant safety regulations and standards.

e Manufacturers: Manufacturers of optical fiber equipment and components are responsible for
designing and producing safe products that meet relevant safety standards and regulations.

7.1.5 Importance of Maintaining High Standards of Health,
Safety and Security in Workplace

Laser Precaution

The invisible laser beam used in optical communication can cause catastrophic eye injury. It does not
hurt to look at it directly, and the iris of the eye does not reflexively close as it does when looking at a
bright light. The retina of the eye could suffer severe harm as a result. Therefore while working with
optical fibre one should not:

e Never gaze onto a fibre that has a laser attached to it.

e Get medical help right away if a laser beams accidently hits your eye.

Optical Fiber Handling Precaution

When fibres are terminated and spliced, the broken ends that result might be hazardous. Very sharp
and easily piercing, the tips can cut skin. They always break off and are incredibly challenging to locate
and get rid of. Sometimes removing them requires using a pair of tweezers and a magnifying glass. Also,
any delay in removing the fibre from the body could result in infection, which is harmful. Hence:

e When handling the fibres, use caution.

¢ Do not pierce your fingers with the fiber's shattered ends.

e Avoid dropping fibre fragments on the floor where they could become caught in carpets or shoes
and be transported somewhere else, like your house.

e Getrid of all trash correctly.
e Eatand drink away from the installation area.

Material Safety

It takes a variety of chemical cleansers and adhesives to complete fibre optic splicing and termination
processes. Moreover, the safety guidelines established for these substances should be observed. Get
an MSDS (Material Safety Data Sheet) from the manufacturer if there is any uncertainty over how to
use these products. When using materials, keep the following instructions in mind. Therefore to avoid
hazards the operators should:

e Workonlyin well-ventilated spaces.
e As much as possible, avoid coming into contact with the materials.
e Use substances that don't trigger allergic responses.
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Fire Safety

e Besurethere are no combustible gases presentin the area where fusion splicing is being done since
the splices are made using an electric spark.

e Manholes are dangerous places to splice because they can build up gases.

e All fibre work is completed in a splicing trailer where the cables are brought up to the surface. To
ensure quality splicing, the splicing traileris therefore temperature-controlled and keptimmaculate.

e Smoking shouldn't be permitted close to fibre optic equipment. Aside from the risk of explosion they
represent owing to the presence of combustible materials, the ashes from smoking can contribute
to the dust issues in textiles.

Working Safety
¢ Follow the guidelines for installing barriers, manhole guards, and warning signs to reduce the
likelihood of an accident in the work area.

e Be sure there are no people or objects in the area inside the loop of the cable before pulling
the line straight from the form. Failing to do so could lead to staff injuries or cable damage from
entanglement.

e Make sure the tools and equipment used for installing cables are in good working order. Equipment
corrosion could result in cable damage or worker injuries.

e |If electrical wires run through the manholes or vaults where the installation is being done, take
precautions against electric risks.

Safety During Duct Installation (Manhole /Underground Vaults Safety)

¢ Manholes may contain explosive gases or vapours as a result of adjacent gas or liquid pipeline leaks.
Test the atmosphere of any manhole for combustible and hazardous gases with an authorised test
kit before entering.

e Never use a spark or flame-producing gadget inside a manhole.

Safety During Aerial Installation (Pole Safety)

e Check a pole for numerous safety hazards, such as splintering, bug nests, and sharp protrusions,
before climbing it.

e When climbing a pole, descending it, or working with anything pointy, use leather gloves.

e To prevent electric shock, put on rubber gloves when working close to exposed electrical circuits.

e When working close to power lines, adhere to electrical safety regulations.

Cable Pulling Safety

e Normally, personnel should avoid the region where a cable is being drawn under stress around a
piece of immovable hardware. Working near the installation site requires taking the proper safety
precautions.

e When climbing a pole or ladder or getting down, keep your hands away from any tools.
e Toensure a seamless and safe installation, the proper accessories must be used.
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To reduce the risk of injury or death, only absolutely necessary qualified employees should remain
close to the installation site during tensioning operations. Nobody should be allowed to climb while
tensioning on intermediate poles. During tensioning, pedestrians on the ground should be kept
away from the poles. On the installation site, a suitable warning/safety display board should be
placed.

To prevent electric risks caused by sparks from power lines or any other source, ground every
metallic component.

7.1.6 Non-compliance with Health, Safety and Security has

on Individuals or Organization

Non-compliance with health, safety, and security regulations while operating with the fractions of
optical fiber can have significant consequences for both individuals and organizations. Some of the
potential impacts are:

Personal Injury: Failure to follow safety protocols and procedures can result in personal injury
to employees working with optical fiber. This can include cuts, burns, and exposure to harmful
chemicals or radiation.

Property Damage: Improper handling or installation of optical fiber can result in damage to property
such as buildings, vehicles, and equipment.

Legal Consequences: Non-compliance with safety regulations can result in legal consequences such
as fines, penalties, or even legal action. This can also damage the reputation of the organization.

Loss of Productivity: Accidents or injuries related to optical fiber installation can result in lost
workdays, decreased productivity, and increased healthcare costs.

Financial Impact: In addition to the potential legal consequences, non-compliance with safety
regulations can also result in financial impacts such as increased insurance premiums and costs
associated with repairing damage or compensating injured employees.

Overall, non-compliance with health, safety, and security regulations can have serious consequences for
both individuals and organizations. It is important to prioritize safety and follow established protocols
and procedures to prevent accidents and injuries while working with optical fiber.
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UNIT 7.2: Site Safety, Infrastructure Awareness, Fire/Electrical
Safety & Hazard Control

— Unit Objectives |©

By the end of this unit, the participants will be able to:

Describe required PPE for fiber optic installations, including safety glasses and cut-resistant gloves.

Elucidate the benefits of PPE in terms of safety, injury prevention, and regulatory compliance.

Discuss safety features, limitations, and maintenance of protective equipment.

Explain laser safety guidelines and risk levels of various laser classes used in fiber optics.

Describe hazards such as micro-shards and laser exposure, along with safe disposal practices for

fiber scraps.

Demonstrate appropriate eye-safety measures when working with laser-emitting devices like

ONTs and splicing equipment.

7. Show how to safely handle bare fiber, broken ends, and scraps, ensuring proper disposal.

8. Demonstrate safe handling of Class 1M and higher laser devices following laser safety rules.

9. Show how to use and maintain safety gear such as gloves, boots, and protective eyewear.

10. Describe hazards such as micro-shards and laser exposure, along with safe disposal practices for
fiber scraps.

11. Demonstrate fire safety practices when using high-voltage arc fusion splicers and heating tools.

12. Show how to adhere to electrical safety norms when working alongside electrical cables and
active power sources.

13. Explain the importance of maintaining high standards of health, safety and security.
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_7.2.1 Work Safety in Fiber Optic Installations

Eye-safety

Workers installing fiber optic cable need to take appropriate eye-safety measures to protect themselves
from potential hazards. Some of the key measures that workers should take include:

e Wear Eye Protection: Workers should wear appropriate eye protection, such as safety glasses or
goggles, to protect their eyes from dust, debris, and other potential hazards.

¢ Avoid Direct Eye Contact: Workers should avoid direct eye contact with fiber optic cables, as the
light emitted by the cable can cause damage to the eyes.

e Proper Cable Handling: Workers should handle fiber optic cables with care to avoid damage to the
cable or its protective coating. Damaged cables can emit harmful light that can cause eye injury.

e Use Proper Tools and Equipment: Workers should use proper tools and equipment to handle and
install fiber optic cables safely. This includes using cable cutters and stripping tools designed for
fiber optic cables.

e Proper Lighting: Workers should ensure that there is adequate lighting in the work area to avoid
eye strain and to properly identify the location of the cables.

e Training: Workers should receive appropriate training on how to handle and install fiber optic
cables safely, including eye safety measures.

¢ Follow Safety Procedures: Workers should follow established safety procedures and protocols to
ensure that they are working in a safe manner and are protecting their eyes and other body parts
from potential hazards.
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Protective equipment and gears

Workers installing fiber optic cable need to implement appropriate protective equipment and gear
to protect themselves from potential hazards. Some of the key protective equipment and gear that
workers should implement include:

e Eye Protection: Workers should wear appropriate eye protection,
such as safety glasses or goggles, to protect their eyes from dust,
debris, and the light emitted by the fiber optic cables.

Fig. 6.2.1: Glasses

e Respiratory Protection: Workers may need to wear appropriate
respiratory protection, such as dust masks or respirators,
to protect themselves from inhaling dust or other airborne
particles.

e Hand Protection: Workers should wear appropriate gloves,
such as cut-resistant gloves or gloves made from materials that
resist chemical exposure, to protect their hands from potential
hazards.

P — -\".,
Fig. 6.2.3: Hand gloves

e Foot Protection: Workers should wear appropriate footwear,
such as safety boots or shoes with steel toes, to protect their
feet from potential hazards.

Fig. 6.2.4: Protection boots

e Clothing Protection: Workers should wear appropriate clothing,
such as coveralls or long-sleeved shirts, to protect their skin from
exposure to potential hazards.

o

Fig. 6.2.5: Clothing protection
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e Fall Protection: Workers should implement appropriate fall
protection measures, such as safety harnesses and lifelines,
when working at heights or in elevated areas.

Fig. 6.2.6: Harness

e Hearing Protection: Workers may need to wear appropriate
hearing protection, such as earplugs or earmuffs, when working
in areas with high levels of noise.

Fig. 6.2.7: Noise reduction ear

muffs

7.2.2 Safely Bare Fiber from Broken Ends of Fibers and
[ Scraps of Fibers during Termination and Splicing

When working with optical fiber installation, it is important to handle the fibers with care to avoid
damage to the fiber or to yourself. Here are some tips on safely handling bare fiber from broken ends
and scraps of fibers during termination and splicing:

e Wear safety goggles or glasses to protect your eyes from stray fibers.

e Use fiber stripping tools to strip the fiber coating from the end of the fiber. This will expose the bare
fiber that you need to splice or terminate. Be careful not to nick or scratch the fiber when using the
stripping tool.

e Useafibercleaverto cutthe fiber cleanly and squarely. This will ensure a good splice or termination.
Follow the manufacturer's instructions for using the cleaver.

e Use a fiber scrap container to hold the scraps of fiber. Do not leave them lying around, as they can
be hazardous to people and equipment.

e Use avacuum or compressed air to clean up any loose fibers that may be present. This will prevent
them from getting into your eyes or getting onto other equipment.

e Dispose of the fiber scraps and waste properly. Follow local regulations for disposal of hazardous
materials.

e Always follow safety procedures when working with optical fiber. This includes wearing protective
clothing, avoiding contact with the skin, and using proper tools and equipment.
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7.2.3 Manufacturer Supplied Material Safety Data Sheet

(MSDS) with On-ground Materials

When operating with optical fiber cables, it is important to follow proper safety procedures to ensure
the safety of personnel and equipment. One important resource for understanding the potential
hazards associated with the materials used in optical fiber cables is the Material Safety Data Sheet
(MSDS) provided by the manufacturer. Here are some things to keep in mind when reviewing the MSDS
for optical fiber cable materials:

Identify the materials: The MSDS will list the specific materials used in the optical fiber cable. Take
note of any hazardous or potentially hazardous materials, such as chemicals used in the coating or
insulation of the cable.

Understand the hazards: The MSDS will provide information about the potential health hazards
associated with each material, including acute and chronic effects of exposure, as well as any
environmental hazards. Make sure you understand the risks associated with each material.

Follow proper handling procedures: The MSDS will provide information about how to handle
the materials safely, including proper protective equipment, storage requirements, and handling
procedures. Follow these procedures carefully to minimize the risk of exposure to hazardous
materials.

Respond to emergencies: The MSDS will provide information about what to do in the event of an
emergency, such as a spill or exposure. Make sure you are familiar with these procedures and that
you have the necessary equipment and materials on hand to respond to emergencies.

Dispose of materials properly: The MSDS will provide information about how to dispose of the
materials safely, including any special requirements for hazardous waste disposal. Follow these
procedures carefully to minimize the risk of environmental contamination.

7.2.4 Fire Safety Practices while using Electric Arc to make

Fusion Splicers

It's crucial to follow the right fire safety procedures when installing optical fibre cables and employing
an electric arc to perform fusion splices in order to avoid inadvertent fires. While creating fusion splices
with an electric arc, the following fire safety precautions should be observed:

Keep a fire extinguisher nearby: Always have a fire extinguisher within reach when performing
fusion splices. Make sure it is rated for use on electrical fires and that you are trained on how to
use it properly.

Clear the work area: Clear the work area of any flammable materials, such as paper, cardboard, or
fabric. This includes removing any loose fiber scraps or other debris that may be present.

Use a fire-retardant mat: Use a fire-retardant mat or other non-flammable material to cover the
work area. This will help prevent accidental fires from sparks or other sources of heat.

Use protective clothing: Wear protective clothing, including fire-resistant gloves and a face shield,
when working with an electric arc. This will help protect you from burns and other injuries.

Follow manufacturer's instructions: Follow the manufacturer's instructions for using the fusion
splicer, including proper maintenance and cleaning procedures. This will help prevent accidental
fires caused by equipment malfunctions.

Check for gas leaks: If using a gas-powered fusion splicer, check for gas leaks regularly. Gas leaks
can create a fire hazard, especially in poorly ventilated areas.

Never leave the equipment unattended: Never leave the fusion splicer unattended while it is
powered on. If you need to step away, power off the equipment and unplug it from the power
source.
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7.2.5 Electrical Safety Norms while Working with Fiber
[ Hardware Connectivity

In order to create a sustainable environment and creat4ea a better work structure, it is always suggested
to follow the safety norms. Therefore while actuating the operations using optical fibre, the operator
needs to ensure connectivity and work with electrical safety. The following measures the operators
need to follow are:

e Materials Safety: Several chemical cleansers and adhesives are used during the fibre optic splicing
and termination operations. For these compounds, standard handling practises should be followed.
If you are unsure of how to handle them, request an MSDS from the manufacturer. Work only in
well-ventilated spaces. Avoid skin contact as much as you can, and cease using allergen-provoking
substances. Even plain isopropyl alcohol, a cleaning agent, is flammable and needs to be handled
with caution.

e Bare Fiber Safety: Very hazardous fibre fragments and broken ends that are produced during
termination and splicing. Very sharp and easily piercing ends make these ends. They always break
off and are incredibly challenging to locate and get rid of. Sometimes they can be removed with
a pair of tweezers and possibly a magnifying lens. Most of the time, you have to wait for them to
spread and heal on their own, which is uncomfortable! When handling fibres, take care to avoid
getting the broken ends in your fingers. Get rid of all scraps the right way. To attach fibre scraps to,
some individuals keep a strip of double-sided tape on the workbench. | like to keep all of my fibre
leftovers in a separate container. We employ pint-sized paper takeaway containers with lids from
the deli for our training sessions. We load the container with all the scraps, then when we're done,
we tape the lid on and discard it. Avoid dropping fibre fragments on the ground where they could
get stuck in carpets or shoes and be transported somewhere else, like home!

e Electrical Safety: You might be asking what fibre optics has to do with electrical safety. In fact,
electrical cables are frequently built around fibre optic lines. Some fibre optic installers lack the
electrical safety training that electricians receive. Although there have been reports of fibre installers
being electrocuted when working near electrical wires, we are aware of two fatalities involving
aerial cables according to information provided by OSHA. These two installers were mounting self-
supporting, all-dielectric aerial cables on poles. But the hangers were made of metal and were
longer than six feet. Both had the hangers affixed to the poles before rotating them to come into
touch with the high-voltage wires as they were installing the fibre cables. As fibre hardware can
carry electricity even if the fibre itself is not conductive, operating close to AC power puts the
installation in danger of touching live electrical wires.

— 7.2.6 Laser Safety Norms

It is generally accepted that communication lasers will never present a safety threat due to their
extremely low power. That is untrue. Even at the very low power employed in communications, the
light produced by lasers can be hazardous due to the concentrated (parallel, narrow-beam, in-phase)
form it takes when delivering light. Long-distance fibre communications systems, which frequently use
optical power levels of up to.5 watts, are a good example of this. (An electronics expert would think
that half a watt is not very much.) When technicians unplug the connectors on these systems while the
power is still on, the connectors frequently pit and become damaged. When the connector is removed,
a very brief period of intense signal light might cause the connector's aluminium ferrule to burn! With
a meagre half watt of power!

The level of risk is influenced by numerous variables. The most noticeable factors are exposure time,
wavelength, and light intensity. Another crucial factor is ambient light intensity. Laser emissions, such
as those from surveying tools, are far less dangerous when viewed in bright sunlight than when viewed
in a darker space because the pupil in the eye shrinks in the presence of bright sunlight. In order to
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reduce the risk posed by lasers, international standards bodies have created a set of safety regulations
and a categorization system. One that is "inherently safe" (such that the maximum allowable exposure
level cannot be exceeded under any circumstance) or that is safe by virtue of its engineering design is
referred to as a "Class 1" laser. This describes the majority of communication lasers, but not all of them.
Nonetheless, it is typical for a communication laser to have a Class 1 emission level at the fiber's point
of entry but a much greater level once the device's covers are taken off.

Only the appropriate standard (IEC 825-1) itself serves as a reliable reference (these have minor
differences country by country). Nonetheless, as a general rule of thumb, the Class 1 limits for exposure
times up to 100 seconds are as follows.

Wavelength 700 to 1050 nm
0.7mWxC

Where C stands for various correction factors that depend on the wavelength and exposure time. The
modified value is.35 mW for an 800 nm communications laser.

Wavelength 1050 to 1400 nm
3.5mWxC

Again, C stands for a variety of correction factors that are dependent on wavelength and exposure time.
The modified figure is 8.8 mW for a communications laser operating in the 1310 nm wavelength with
a 100-second exposure time.

Wavelength longer than 1400 nm
10 mW
Notice the large variation in allowable levels with wavelength.

FDDI's maximum permitted launch power is -6 dBm at 1300 nm. This is equivalent t0.25 mW of power.
We may infer that any FDDI transmitter that satisfies the FDDI specification for maximum power output
also satisfies the Class 1 requirement at launch into the fibre because the Class 1 limit at 1300 nm is 8.8
mW. (Although hidden, it might not.) The limit at 1550 nm is substantially higher than the limit at 1300
nm, which is another consideration. There is also another benefit of systems with longer wavelengths.

Any optical fibore communication with laser power emission levels approaching 1 milliwatt or more
needs to be carefully examined. This is especially true for systems using short-wavelength diodes,
which have a lower permitted power output.

Also the operators need to follow some of the safety standards that include:

e Wear protective eyewear: Laser safety eyewear should be worn at all times when operating or
working near equipment that uses lasers. This eyewear should be rated to protect against the
specific wavelength and power of the laser being used.

e Control access: Access to areas where lasers are being used should be restricted to authorized
personnel only. Posting warning signs can also help to alert people to the presence of lasers.

e Minimize exposure: Exposure to laser radiation should be minimized as much as possible. This can
be achieved by using shielding or barriers to block the laser beam and by keeping the beam as small
as possible.

e Maintain equipment: Laser equipment should be properly maintained and inspected regularly to
ensure thatit is functioning correctly. Any malfunctions or damage should be repaired immediately.
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e Follow procedures: Follow proper procedures for setting up and operating laser equipment. This
includes using the correct power settings, aligning the beam properly, and following any safety
procedures provided by the manufacturer.

¢ Monitor and record exposures: Monitor and record laser exposure levels regularly to ensure
that they are within safe limits. This includes measuring the output of the laser and recording the
duration of exposure.

e Provide training: Provide training to personnel on the safe use of laser equipment, including the
hazards associated with laser radiation and the proper use of protective eyewear.

— 7.2.7 Recording of Health and Safety Instances

Recording of health and safety instances of workers and situations during optical fiber installation
program is an essential part of maintaining a safe work environment. Here is a process for recording
health and safety instances:

e Establish a system: Establish a system for recording health and safety instances, such as an incident
reporting system. This system should be easy to use and accessible to all workers.

e Train personnel: Train personnel on the use of the incident reporting system and the importance of
reporting all health and safety instances. This includes incidents such as injuries, near misses, and
hazards.

e Report instances promptly: Promptly report all health and safety instances as they occur. This helps
to ensure that corrective action can be taken quickly and that similar incidents can be prevented in
the future.

e Document the details: Document the details of each health and safety instance, including the date,
time, location, description of the incident, and any injuries or damages incurred. This information
will be useful in identifying trends and developing strategies to prevent similar incidents from
occurring.

¢ Investigate the instance: Investigate each health and safety instance to determine the cause and
identify any contributing factors. This includes interviewing witnesses and collecting any relevant
information or data.

e Develop corrective actions: Develop corrective actions to prevent similar health and safety
instances from occurring in the future. This may include changes to procedures, additional training,
or the use of new equipment.

e Monitor progress: Monitor progress in implementing corrective actions and evaluate their
effectiveness. Make adjustments as needed to ensure that the corrective actions are effective in
preventing similar instances.

7.2.8 Cause that Leads to the Damage the Fiber
Constituent Material

There are several causes that can lead to damage of the optical fiber constituent material. Some
common causes include:

e Physical damage: Physical damage to the optical fiber constituent material can occur during
installation, handling, or maintenance of the fiber. This can include bending the fiber beyond its
minimum bend radius, crushing the fiber, or pulling it too tight.

e Contamination: Contamination of the optical fiber constituent material can occur during handling
or installation. This can include dust, dirt, or other particles that can attach to the surface of the
fiber and cause damage.
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e Chemical damage: Exposure to chemicals can cause damage to the optical fiber constituent
material. This can occur during handling or maintenance, or due to exposure to chemicals in the
environment.

e Temperature damage: Exposure to high or low temperatures can cause damage to the optical
fiber constituent material. This can occur during installation or maintenance, or due to exposure to
extreme temperatures in the environment.

e Aging: Over time, the optical fiber constituent material can degrade due to aging. This can occur
due to exposure to the environment, or due to normal wear and tear.

Itis important to take steps to prevent damage to the optical fiber constituent material, such as following
proper handling and installation procedures, using appropriate protective equipment, and avoiding
exposure to harmful chemicals or extreme temperatures. Regular maintenance and inspection can also
help to identify any damage early and prevent further degradation.

—7.2.9 Safe Handling of Pre-Terminated Fiber Assemblies and —
Connectors

Basic / Fundamental Information

Pre-terminated fiber assemblies come with connectors already installed and tested in a controlled
environment. These assemblies allow quick deployment without field polishing or splicing. However,
because the fiber cores and connector end-faces are extremely sensitive, even a small dust particle, oil
from fingers, or physical impact can degrade signal quality and increase insertion loss. Therefore,
handling must be done with strict cleanliness, gentle movement, and protection against bending,
pulling, and contamination.

The goal is to maintain optical signal quality and avoid physical damage by ensuring connectors remain
clean, dust-free, and properly protected during installation.

Skill-Oriented Content (How to Perform the Task)
1. Preparation Before Handling
e Ensure hands are clean and dry.
e Wear safety glasses and avoid any sharp tools near fiber ends.
e Work in a dust-free, organized workspace.
e Keep connector dust caps on until ready to connect.
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2. Maintaining Connector Cleanliness
¢ Always hold connectors by the boot or housing, not the ferrule tip.
¢ Never touch the polished connector end-face with fingers.
¢ [f contamination is suspected, clean using:
o Lint-free wipes and 99% Isopropyl Alcohol (IPA).
o One-direction wipe technique (never scrub back and forth).
¢ Avoid blowing on connectors — moisture from breath causes contamination.
3. Preventing Physical Damage
¢ Maintain the minimum bend radius (typically 10x cable diameter for static placement).
e Do not:
o Pull cables forcefully.
o Crimp or squeeze fiber.
o Bend around tight corners.
e Use cable guides and routing clips to support fiber runs.
4. Handling Pre-Terminated Pigtails and Patch Cords
e Keep connectors inside dust caps when routing through ducts or trays.
e Use pre-installed pullable protective sleeves (if available).
¢ [f sleeves are not available, pull using the strength member, not the fiber jacket.
5. Connector Insertion Procedure
e Remove dust cap only when ready to mate.
¢ Clean the connector end-face before insertion.
e Align connector correctly with adapter keying/guide.
¢ Insert straight and gently, without twisting or forcing.
6. Post-Installation Verification
e Perform visual inspection using a connector inspection scope if available.
e Test link quality using:
o Optical Power Meter and Light Source or
o OTDR (for longer runs).
e Record readings for documentation and quality assurance.

—7.2.10 Safe Cable Routing Techniques to Avoid Infrastructure —
Damage

During FTTH installation, fiber cables often run through areas where gas pipelines, electrical cables, and
water lines are already present. Incorrect routing can result in utility damage, accidents, service
disruptions, and safety hazards. Therefore, the installer must carefully assess the site, identify existing
utilities, follow safe routing distances, and use protective conduits to ensure the fiber is laid securely
without affecting any existing infrastructure.
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Skill-Oriented Content
1. Pre-Work Site Assessment
¢ Survey the installation area to identify poles, ducts, and manholes.
e Refer to utility layout maps or drawings and confirm utility paths at site.
e Mark safe routes and hazard zones using chalk, cones, or tape.
2. Underground Routing and Trenching
e Use Ground Penetrating Radar (GPR) or Cable/Pipe Locators to detect buried utilities.
¢ Maintain safe separation:
o0 Gas Pipelines: ~¥300 mm clearance
o Electrical Cables: 200-500 mm and use PVC/HDPE conduit
o Water Lines: ~300-450 mm clearance
e Always cross utilities perpendicularly, not parallel.
¢ Place warning tape above the duct before backfilling to alert future diggers.

3. Aerial Cable Routing
¢ Maintain minimum clearance from electric lines:
o Low Voltage:~1m
o High Voltage: 46 m

e Use ADSS (All Dielectric Self-Supporting) fiber near high-voltage areas to prevent electrical
conduction.

¢ Inspect poles and use strap clamps instead of nails to prevent fiber sheath damage.

4. Building Entry and Indoor Routing
¢ Avoid running fiber tightly alongside live electrical conduits.
¢ Maintain a separation of 100150 mm indoors.
¢ Follow minimum bend radius = 10 x cable diameter to prevent signal loss.

5. Safety Do’s and Don’ts
Do:

e Check for utilities before digging.

e Use protective sleeves when crossing pipelines.

e Secure open trenches with barricades and caution signage.
Don’t:

¢ Dig blindly or assume utility positions.

¢ Route fiber in direct contact with power cables.

e Apply excessive pulling tension on the cable.

6. Installer Demonstration Checklist

Task Completed

Utility detection performed before routing

Safe route marked and hazards identified
Required separation distances followed
Protective conduits used at crossings

Proper bend radius and strain control maintained
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— Key Learning Outcomes | ¢

1.

By the end of this module, the participants will be able to:

Identify recyclable, reusable, and hazardous materials in fiber optic installations and explain how
to categorize them.

Describe the waste management, recycling, and disposal protocols for materials used in fiber
optic installations.

Explain how to optimize material and energy usage during cabling work in fiber optic installations.
Discuss the environmental and regulatory standards that must be complied with during fiber optic
installations.
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UNIT 8.1: Sustainability Practices in Telecom Cabling Operations

— Unit Objectives |©

By the end of this unit, the participants will be able to:

1. Explain organizational policies on sustainability, waste reduction, and material reuse in telecom
infrastructure projects.

2. Describe the procedures for recycling, hazardous waste handling, and safe disposal of telecom-
related materials.

3. Discuss the importance of sustainability in long-term infrastructure planning and the
environmental impact of telecom waste.

4. Elucidate the classification of materials used in optical fiber cabling, including recyclable, reusable,
and hazardous components.

5. Explain standard waste management procedures for telecom operations, including segregation,
labeling, and disposal methods.

6. Describe methods to reduce material wastage, such as accurate measurements, careful handling
of fiber optic cables, and optimized trenching techniques.

7. Discuss the environmental hazards associated with improper disposal of optical fibers, batteries,
and chemical adhesives.

8. Explain the regulations and compliance requirements for hazardous material disposal under
national and international environmental laws.

9. Elucidate energy-efficient work practices, including low-power tools, optimized route planning,
and reduced excavation techniques.

10. Describe the importance of proper record-keeping for disposal and recycling to ensure
compliance and accountability.

11. Demonstrate how to identify, segregate, and store materials used in cabling operations, including
recyclable, reusable, and hazardous materials, ensuring compliance with safety and waste
management procedures.

12. Show how to follow SOPs for safe handling, disposal, and documentation of non-recyclable and
hazardous materials, including fiber shards, cable sheaths, and chemical adhesives.

13. Demonstrate how to ensure proper labeling, safe storage, and disposal of hazardous waste to
prevent contamination or accidents.

14. Show how to minimize waste by reducing excess material use, reusing components, and
optimizing cabling work through accurate measurements and efficient layout designs.

15. Demonstrate how to maintain clean, organized work sites to prevent environmental
contamination, promote safety, and comply with environmental guidelines.

16. Show how to use energy-efficient tools and machinery and ensure proper maintenance of cabling
tools and equipment to reduce material consumption and unnecessary repairs.

17. Demonstrate how to coordinate and dispose of waste materials at designated collection points
and report any violations or environmental hazards.

18. Show how to use and promote eco-friendly materials, such as low-impact protective coatings and
biodegradable packaging.

19. Demonstrate how to follow national and local environmental regulations, workplace policies, and
sustainability practices related to telecom cabling operations.

20. Show how to maintain accurate documentation of sustainability activities, including logs of
disposed and recycled materials, to meet regulatory and audit requirements.

21. Demonstrate how to conduct periodic self-audits and educate team members on best practices
for sustainability, waste segregation, and responsible energy consumption.

22. Show how to report violations of environmental policies, hazardous material spills, or unsafe
disposal practices to the designated supervisor or regulatory body.
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—8.1.1 Organizational Policies on Sustainability, Waste
Reduction, and Material Reuse

Telecom infrastructure projects involve large-scale deployment of materials such as cables, connectors,
batteries, and protective coatings. Organizations today are increasingly focused on ensuring that such
deployments are not only cost-effective but also environmentally responsible. Policies are framed to

guide employees and contractors through sustainable practices, waste minimization strategies, and
reuse protocols.

Core Elements of Sustainability Policies:
e Commitment to reducing carbon footprint and conserving natural resources.

e Encouraging efficient use of materials through better planning, accurate measurements, and
waste audits.

e Promoting reuse of durable materials, such as metal frames, ducting structures, and fiber spools.
e Integrating environmental awareness into standard operating procedures.

o Aligning sustainability efforts with corporate social responsibility (CSR) initiatives and green
certifications such as I1SO 14001.

Material Reuse Policy Highlights:
e Inspection and cleaning protocols for reusable parts before re-deployment.
e Documentation of reused materials to ensure traceability and safety.

e Encouragement of modular designs that allow reuse across multiple sites.
Waste Reduction Strategy:

e Lean inventory management to avoid over-ordering.
e Monitoring consumption patterns to identify and reduce excess material usage.

e Designing workflows that avoid unnecessary handling and movement of materials.
Training and Awareness:

e Regular workshops to sensitize teams on environmental impacts.

e Reporting mechanisms that encourage workers to flag practices that result in waste.

—8.1.2 Procedures for Recycling, Hazardous Waste Handling, —
and Safe Disposal

Recycling, Hazardous Waste Handling, and Safe Disposal are
three essential components of sustainable waste
management practices, particularly relevant in industries
like telecom, manufacturing, and construction, where large
volumes of materials and electronic components are used.

Fig. 8.1.1 Recycle E-waste
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Recycling Telecom Materials:
e Segregation at Source: Waste materials must be sorted into categories such as metals, plastics,
and paper.
¢ Designated Collection: Each site must have clearly labeled containers for recyclable items.

e Processing: Materials are transported to authorized recycling centers, where metals are melted,
plastics are reshaped, and fiber scrap is processed.

¢ Documentation: The quantity and type of materials recycled must be recorded to track the
effectiveness of recycling programs.

Handling Hazardous Waste:
¢ |dentification: Hazardous materials include battery cells, chemical adhesives, lubricants, and
damaged optical fibers.
e Protective Handling: Workers must wear gloves, face shields, and respirators when dealing with
hazardous materials.
e Storage: Waste containers must be sealed, corrosion-resistant, and clearly labeled with hazard
warnings.
e Transportation and Disposal: Only licensed waste handlers should move hazardous materials to
treatment or landfill facilities. Transport logs and disposal receipts must be maintained.
Safe Disposal Methods:
¢ Landfilling: Non-recyclable but non-hazardous materials like damaged cable insulation can be
disposed of in sanitary landfills.
e Incineration: Certain waste types, such as contaminated cloths or adhesives, may be safely
incinerated following environmental permits.

e Return Programs: Battery cells or other electronic components may be sent back to
manufacturers for responsible disposal or recycling.

—8.1.3 The Importance of Sustainability in Long-Term Planning —
and Environmental Impact of Telecom Waste

The Importance of Sustainability in Long-Term Planning refers to the integration of environmentally
responsible practices, efficient resource use, and strategic foresight into an organization’s operations to
ensure that its growth, productivity, and profitability are maintained without compromising the ability
of future generations to meet their needs. In telecom operations, sustainability ensures that energy use,
material consumption, and waste generation are managed in a way that supports environmental
balance, regulatory compliance, and social responsibility.

Environmental Impact of Telecom Waste refers to the harmful effects that improperly managed telecom
waste—such as discarded cables, batteries, electronic parts, plastics, and chemicals—has on
ecosystems, natural resources, and human health. This impact includes pollution, habitat destruction,
soil and water contamination, and increased greenhouse gas emissions.

Together, sustainable long-term planning and awareness of environmental impacts help telecom
organizations mitigate risks, reduce operational costs, and foster resilience while protecting the planet.
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Why Sustainability Matters:

e Environmental Stewardship: Poor disposal practices contribute to pollution, affecting ecosystems
and communities.

e Operational Efficiency: Reducing material wastage lowers procurement costs and enhances project
timelines.

e Regulatory Compliance: Governments worldwide are enforcing stricter waste management and
reporting standards.

e Community Relations: Organizations seen as responsible stewards of the environment earn public
trust and goodwill.

Impact of Telecom Waste:
¢ Plastic Waste: Cable sheaths and packaging materials may persist in landfills for decades.
e Chemical Spills: Adhesives and solvents can poison soil and water sources.
e Metal Scrap: Leftover connectors or fittings may leach heavy metals into the environment.
e Fiber Shards: Sharp debris poses safety risks to workers and wildlife.

By incorporating sustainability into long-term planning, telecom companies ensure their projects are
future-ready and compliant with evolving environmental standards.

—8.1.4 Classification of Materials Used in Optical Fiber Cabling —

Categories of Materials
Additional Notes and Best Practices
e Reusable materials must pass visual and mechanical inspections to ensure structural integrity.
e Hazardous waste should never be mixed with recyclable streams to prevent contamination and
regulatory violations.
e Containers must be labeled with Material Safety Data Sheets (MSDS), hazard warnings, and storage
guidelines.
e Organizations should designate waste management coordinators to oversee proper disposal and
material segregation.

Category Materials Handling Recommendations

Recyclable [ Metal cables, aluminum clips, Sort by type, clean contaminants, ensure separation
steel frames, copper wiring, from hazardous waste, and transport to authorized
cable jackets made from recycling centers equipped to process telecom scrap
recyclable polymers
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Reusable Cable ducts, protective sheaths, | Inspect thoroughly for cracks, corrosion, or wear;
clamps, conduit fittings, spools, | clean and disinfect; record material condition and
trays ensure compatibility with future projects before
reuse

Hazardous | Adhesives, batteries, lubricants, | Store in corrosion-resistant containers, label with
fiber shards, solvents, lead- hazard symbols, follow local and international
based materials disposal standards, and train staff in emergency
handling procedures

—8.1.5 Standard Waste Management Procedures

Telecom Waste Management refers to the systematic process of handling, reducing, recycling, disposing
of, and safely managing waste generated from the operations, maintenance, and expansion of
telecommunication networks and infrastructure. This includes equipment, cables, packaging materials,
batteries, metals, plastics, and hazardous substances used in telecom installations such as fiber optic
cables, towers, switches, routers, and other devices.

The aim is to minimize environmental impact, ensure compliance with regulations, and promote
sustainable practices throughout the lifecycle of telecom assets. Effective telecom waste management
involves identifying recyclable materials, segregating hazardous waste, promoting reuse, and safely
disposing of non-recyclable or toxic components in line with environmental guidelines and corporate
sustainability goals.

Key Aspects of Telecom Waste Management

1. Waste Identification and Segregation: Classification of waste into recyclable, reusable, and
hazardous materials.

2. Recycling and Reuse: Recovering metals, plastics, and components for reuse or resale.

3. Safe Disposal: Following protocols for disposing of hazardous materials like batteries, chemicals,
and electronic waste.

4. Documentation and Reporting: Maintaining records of waste generation, treatment, and disposal
in compliance with local environmental laws.

5. Compliance with Environmental Guidelines: Aligning with national and international regulations
such as E-waste management rules and sustainability policies.

6. Training and Awareness: Educating field teams and staff on best practices, safety measures, and
environmental responsibilities.
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Fig. 8.1.2 Telecom Waste Management

Step-by-Step Waste Handling Workflow
1. Segregation at the Source
¢ Install multiple bins on-site marked “Recyclable,” “Reusable,” and “Hazardous.”
¢ Train staff to identify materials based on their composition, size, and usage.
2. Labeling Guidelines
¢ Use color-coded stickers or tags to mark bins and containers.
¢ Include critical information such as waste type, origin, date, and handling instructions.
3. Storage Practices
e Store hazardous materials in locked cabinets with ventilation.
e Keep flammable items away from ignition sources and maintain separate containment areas.
4. Collection and Transport
e Schedule regular pickups to prevent accumulation.
e Ensure transport vehicles are equipped with spill containment kits and secure storage
compartments.
5. Documentation and Reporting
e Maintain digital logs and physical records of waste quantities and disposal locations.
e Provide periodic reports to regulatory bodies as part of environmental audits.
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Reduce Material Wastage refers to the deliberate actions, strategies, and processes implemented to
minimize the unnecessary use, loss, or discard of materials during operations, manufacturing,
maintenance, or disposal activities. It focuses on using materials efficiently, reusing components where
possible, and preventing waste generation at every stage of the lifecycle, thereby conserving resources,
lowering costs, and protecting the environment.
In telecom operations, reducing material wastage means optimizing the use of cables, metals,
packaging, batteries, and other equipment components to avoid excess consumption and ensure
responsible handling of resources.
The methods are:
Accurate Measurements

e Utilize GPS-based mapping tools and automated measurement devices to calculate cable length

requirements.
e Cross-check data before procurement to avoid excess ordering.

Careful Handling

Educate staff on optimal reel unwinding techniques and proper bending radius requirements.
Store cables in moisture-controlled areas to prevent degradation.

Optimized Trenching Techniques

Analyze terrain types to determine whether mechanical or manual excavation is suitable.

Plan routes that minimize soil disruption while reducing cable wastage.

Reusing Packaging and Materials

Inspect and clean fiber reels, reusing them multiple times.
Replace single-use packaging with reusable containers or biodegradable alternatives.
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—8.1.7 Environmental Hazards Associated with Improper
Disposal

Environmental Hazards Associated with Improper Disposal refer to the negative impacts on the
environment that occur when waste—especially hazardous or non-biodegradable materials—is not
handled, treated, or disposed of according to prescribed safety and environmental guidelines. Improper
disposal of telecom waste, industrial waste, or other materials can lead to soil contamination, water
pollution, air degradation, and harm to ecosystems and human health.
These hazards arise when waste is dumped in unauthorized areas, mixed with regular waste, burned, or
left untreated, allowing harmful substances like heavy metals, chemicals, plastics, and electronic
components to enter the environment.
The hazards and measures are:
Hazard Identification
¢ Adhesive Chemicals: Certain adhesives release volatile organic compounds that contribute to air
pollution and cause skin irritation.
e Battery Leakage: Lead, cadmium, and mercury contamination from improperly stored batteries
can seep into groundwater supplies.
e Fiber Waste: Sharp shards pose a puncture hazard and may injure wildlife if not securely
disposed.
e Plastic Packaging: Non-biodegradable plastics can persist in the environment for decades,
impacting soil and marine life.

Precautionary Measures
e Conduct site inspections to ensure compliance with hazardous material storage protocols.
e Train workers to handle spills and leaks with appropriate containment and cleanup procedures.
e Implement reporting systems to flag hazardous incidents immediately.

—8.1.8 Regulations and Compliance Requirements

Regulations and Compliance Requirements refer to the set of laws, rules, standards, and guidelines that
organizations must follow to operate legally, ethically, and safely within a particular industry or sector.
These requirements are typically set by government bodies, regulatory authorities, or industry
organizations and are designed to ensure safety, protect the environment, promote fair practices, and
uphold quality and accountability.
In telecom operations, regulations and compliance requirements cover areas such as spectrum usage,
data privacy, environmental protection, waste disposal, occupational health and safety, and energy
consumption.
1. Applicable Frameworks
e Environment Protection Act (EPA): Outlines procedures for safe disposal of hazardous telecom
materials.
e Waste Management Rules (2016 and amendments): Provide guidelines for segregation,
transport, and disposal practices.
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e |SO 14001: Encourages structured environmental management systems and regular audits.

e Basel Convention: Addresses global standards for the transportation and disposal of hazardous
waste.

2. Compliance Practices
e Maintain waste transport manifests signed by authorized personnel.
e Perform quarterly audits to check for proper handling and documentation.

e Conduct training sessions aligned with environmental law updates and compliance
requirements.

—8.1.9 Energy-Efficient Work Practices

Energy-Efficient Work Practices refer to methods, behaviors, and procedures adopted in workplaces to
reduce energy consumption, optimize resource usage, and minimize environmental impact while
maintaining productivity and operational efficiency. These practices involve using energy in a smarter
and more sustainable way by eliminating waste, improving equipment performance, and encouraging
responsible energy use among employees.

In the context of telecom operations, energy-efficient work practices can include using energy-saving
devices, optimizing network configurations, managing standby power, and ensuring proper
maintenance to avoid unnecessary energy loss.

The practices are:
1. Low-Power Tools
e Use solar-powered lights during night shifts.

e Invest in battery-efficient trenchers and drills that reduce energy consumption without
sacrificing performance.

2. Route Optimization
¢ Incorporate mapping software that calculates the shortest, safest installation paths.
¢ Avoid redundant trenching by coordinating with existing infrastructure layouts.
3. Maintenance and Preventive Checks
e Schedule periodic maintenance for equipment to avoid breakdowns.
e Implement checklists to ensure tools are stored and handled correctly after use.
4. Energy Audit Reports
e Track energy usage per site and create efficiency benchmarks.
e Encourage energy-saving practices through reward-based systems.
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—8.1.10 Importance of Proper Record-Keeping

Record-Keeping of Telecom Waste is the process of systematically documenting all activities related to
the generation, handling, storage, transportation, recycling, and disposal of waste produced in telecom
operations. Proper record-keeping ensures regulatory compliance, promotes environmental
responsibility, enables traceability, and helps identify areas where waste reduction and recycling can be
improved.
Types of Records

e Hazardous material handling logs, including type, quantity, and disposal method.

¢ Inventory of reusable materials and condition assessment reports.

e Waste disposal reports validated by transport and processing facilities.

¢ Energy usage logs and maintenance schedules.
Benefits

¢ Helps organizations remain audit-ready and compliant with environmental laws.

e Provides actionable data to identify areas for process improvements.

e Enhances operational planning by forecasting future material needs.
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— Exercise

N

Short Questions:

1. Explain how organizational policies on sustainability and material reuse contribute to reducing
telecom infrastructure waste.

2. Describe the steps involved in safely handling and disposing of hazardous telecom waste like
adhesives and batteries.

3. Why is accurate record-keeping important in ensuring compliance with environmental laws in
telecom projects?
List methods that can help reduce material wastage during fiber optic cable installation.
How can energy-efficient tools and optimized route planning support sustainable telecom
infrastructure projects?

Fill in the Blanks:

1. Hazardous materials like fiber shards and adhesives should always be stored in
containers to prevent accidents.

2. Accurate helps telecom companies reduce material wastage and plan sustainable
projects effectively.

3. The Convention governs the safe disposal and transport of hazardous waste
internationally.

4. Using tools such as battery-efficient drills helps reduce energy consumption during
telecom operations.

5. Proper of waste disposal activities ensures accountability and helps telecom
companies meet audit requirements.

Multiple Choice Questions (MCQs):

1. What is the primary reason for segregating recyclable and hazardous waste in telecom operations?
a) Toincrease the storage space
b) To prevent contamination and ensure safe disposal
¢) To reduce employee workload
d) To avoid using protective equipment

2. Which of the following is an eco-friendly material option in telecom cabling projects?
a) Lead-based solder
b) Biodegradable packaging
c) Plastic sheaths with PVC coating
d) Solvent-based adhesives

3. What documentation is essential for hazardous material disposal compliance?
a) Employee attendance sheet
b) Waste disposal logs with hazard classification
c) Telecom network performance reports

d) Daily tool maintenance records
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4. Which regulation controls the movement and disposal of hazardous waste across borders?
a) 1SO 9001
b) Basel Convention
¢) WTO Trade Act
d) OSHA Safety Standard
5. What is the best practice for minimizing fiber waste during installation?
a) Over-ordering materials in bulk
b) Ignoring trench alignment for convenience
¢) Using accurate measurements and optimized layouts
d) Storing cables in unprotected areas
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9. Employability
Skills (30 Hours)

It is recommended that all training include the
appropriate. Employability Skills Module. Content

for the same can be accessed

https://www.skillindiadigital.gov.in/content/list

DGT/VSQ/N0101
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QR Codes -Video Links
Module No. Unit No. Topic Name Link for QR Code (s) QR code (s)
1.1.1 Funda-
mentals of httos// X /
. . ttps://www.youtube.com
Optical _Flber 17 watch?v=DkQjF54gy9w
and their Ap-
plications
Fiber to the
Home explained
1.1.2 Working
Module | it 1.1 The | Principle of
1: Intro- | d Optical Fiber 17 https://www.youtube.com/
duction to roles an X watch?v=g6 g2IBm930
the role of responsibili- | Communica- Block diagram
. eroeo ties of Fiber | tion System and working
Fiber to- to-the Home of fiber optic
the Home (FTTH/X) communication
FTTH/X
( /X) Installer system
Installer
1.1.3 Per-
formances 17 https://www.youtube.com/
Parameters of watch?v=Cwu3pbmargM Parameters of
Optical Fiber Optical Couplers
Optical Splitting,
Excess Loss,
Insertion Loss &
Cross Talk
2.1.1: Pre-con-
struction 2 https://www.youtube.com/
Survey on the watch?v=H0aCZqJSoSg
Site
Module 2: Fiber
Outside Construction
Plant Cable | Unit2.1: Process
Installation | Pre-installa-
Procedure | tion Checks
and Prac- 2.1.4 Ca-
tices ble Hauling " )
https://www.youtube.com
Proc,ess and, 42 watch?v=wufrSUQOrihw
Pre-installation
Check FO Ou'tlet
/ Optical
Termination
Outlets



https://www.youtube.com/watch?v=DkQjF54gy9w
https://www.youtube.com/watch?v=DkQjF54gy9w
https://www.youtube.com/watch?v=q6_q2IBm93o
https://www.youtube.com/watch?v=q6_q2IBm93o
https://www.youtube.com/watch?v=Cwu3pbmarqM
https://www.youtube.com/watch?v=Cwu3pbmarqM
https://www.youtube.com/watch?v=HOaCZqJSoSg
https://www.youtube.com/watch?v=HOaCZqJSoSg
https://www.youtube.com/watch?v=wufrSU0rihw
https://www.youtube.com/watch?v=wufrSU0rihw
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Module No.

Unit No.

Topic Name

Link for QR Code (s)

QR code (s)

2.1.5: Duct
Rodding, Test- 4 https://www.youtube.com/
ing and Clean- watch?v=JBVbyzCSUHk
ing Processes How to splice
broken opti-
cal fiber cable
practically
Unit 2.2: 2.2.2 De-
Installation ployment of 2 https://www.youtube.com/
of Optical Optical Fiber watch?v=CSOBvnmNOTs
Fiber Cables
Dome closure
aerial FTTH
installation
Unit 3.1:
Prepare for
.. 3.1.1 Char-
Splicing Op- teristics of 20 https://www.youtube.com/
erations for ac e.rls 'C_S 0 watch?v=ADNwDkcufck
Optical Fiber
New Installa-
3. Un- tion Characteristics of
dertake Optical Fiber
Splicing
of Optical
Fiber Unit 3.3:
Maintenance | 3.3.3 Duct 80 https://www.youtube.com/
of Fiber Integrity Test watch?v=iMBurginVic
Optics
P Duct Integrity
Test before OFC
final Laying
4. Instal- Unit4.1: 4.1.3 Com-
lation of Introduction | ponents of
Passive to FTTH/X Optical Fiber 105 https://www.youtube.com/
FTTH/X Network and | Communi- watch?v=30i2Ku_m6duU
Compo- its Compo- cation (OFC)
nents nents Network What are the

Parts of a Fiber
Optic Cable?



https://www.youtube.com/watch?v=JBVbyzCSUHk
https://www.youtube.com/watch?v=JBVbyzCSUHk
https://www.youtube.com/watch?v=CSOBvnmNOTs
https://www.youtube.com/watch?v=CSOBvnmNOTs
https://www.youtube.com/watch?v=ADNwDkcufck
https://www.youtube.com/watch?v=ADNwDkcufck
https://www.youtube.com/watch?v=iMBurginVlc
https://www.youtube.com/watch?v=iMBurginVlc
https://www.youtube.com/watch?v=3Oi2Ku_m6dU
https://www.youtube.com/watch?v=3Oi2Ku_m6dU
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Module No.

Unit No.

Topic Name

Link for QR Code (s)

QR code (s)

Unit 4.2: .
Testing Vari 4.2.2 Insertion httos:// . ,
- . ttps://www.youtube.com
ous Parame- ;of,itOf Optical 105 watch?v=LH5IVmKSwHM
ters plitter
Optical Fiber -
Insertion  Loss
And Return Loss
5.1:Basicsof | 5.1.2 Bend 133 https://www.youtube.com/
Fiber Optics Radius watch?v=wGaJMVQt7qc
Bend Radius -
EXFO's Animated
5. In-build- Glossary of Fiber
ing FTTH/X Optics
Cabling QR0
[hri]
5.2: Installa- . b
tion of Obti- 5.2.1 Fusion 133 https://www.youtube.com/ [ oL
cal Fibersp Splicing watch?v=PFlegasQFrs
How To Fusion
Splice Fiber Optic
Cable - Animated
6.1.2 Health
and Safety 153 https://www.youtube.com/
Hazards in a watch?v=A3txvkETcoo
Workplace
Hazard and Risk
6. Work 6.1: Safety
at Workplace
Safety Rules in
W|th Fiber | WorkMain- | ¢4 ¢ Impor-
Optics tenance tance of Main-
taining High
Standards of 153 https://www.voutybe.com/
Health, Safety watch?v=s0CGgjQOC00
and Securityin Occupational
Workplace Safety and

Health



https://www.youtube.com/watch?v=LH5lVmKSwHM
https://www.youtube.com/watch?v=LH5lVmKSwHM
https://www.youtube.com/watch?v=wGaJMVQt7qc
https://www.youtube.com/watch?v=wGaJMVQt7qc
https://www.youtube.com/watch?v=PFIegqsQFrs
https://www.youtube.com/watch?v=PFIegqsQFrs
https://www.youtube.com/watch?v=A3txvkETcoo
https://www.youtube.com/watch?v=A3txvkETcoo
https://www.youtube.com/watch?v=s0CGgjQOC00
https://www.youtube.com/watch?v=s0CGgjQOC00
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Module No.

7. Plan
Work
Effectively,
Optimise
Resourc-
esand
Implement
Safety
Practices

Unit No.

Topic Name

Link for QR Code (s)

QR code (s)

7.1.4 Time 188 https://www.youtube.com/
Management watch?v=UPagKwLWrxU
Time manage-
7.1: Work as ment for English
per Quality
Standards
7.1.6 Problem 188 https://www.youtube.com/
Resolution watch?v=hiqoCvPs Jc
How to Improve
Your Problem
Solving Skills?
https://www.youtube.com/
7.2.1Hazards | 188 watch?v=2B823bEBKGU
7.2: Main- Understanding
taining a Disasters,
Safe, Healthy Hazards,Risk and
and Secure Vulnerability
Working En-
vironment
7.2.3 Using https:// b /
. ps://WWwWWw.youtube.com
Vanou's Safety 188 watch?v=0sGNCsNbjqgo
Materials
Safety Tools
Vocabulary
7.4: Effective
WasteMan- | ;)  Whati https:// be.com/
4. atis ttps://www.youtube.com
ageme.nt/ E-Waste? 188 watch?v=MQLladfsvflo
Recycling
Practices

What is E-WASTE
Pollution?



https://www.youtube.com/watch?v=UPaqKwLWrxU
https://www.youtube.com/watch?v=UPaqKwLWrxU
https://www.youtube.com/watch?v=hiqoCvPs_Jc
https://www.youtube.com/watch?v=hiqoCvPs_Jc
https://www.youtube.com/watch?v=2B823bEBKGU
https://www.youtube.com/watch?v=2B823bEBKGU
https://www.youtube.com/watch?v=osGNCsNbjqo
https://www.youtube.com/watch?v=osGNCsNbjqo
https://www.youtube.com/watch?v=MQLadfsvfLo
https://www.youtube.com/watch?v=MQLadfsvfLo
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Module No.

Unit No.

Topic Name

Link for QR Code (s)

QR code (s)

8. Comm-
unication
and
Interpe-
rsonal
Skills

8.1:
Interaction .
. 8.1.2 Effective
with C 206 https://www.youtube.com/
Supervisor, ommu- watch?v=16|AhXM-vps
Peers and nication
Customers Effective
Communication
miph Tl
8.2: Gender %
and PwD 8.2.1 Gender httos:// b , v ';’7I
. ps://Www.youtube.com d
Sensitization wuakht?' atthe 206 watch?v=zAn0C7cfrUw ~
at Workplace orkplace

Gender equality
in the workplace



https://www.youtube.com/watch?v=I6IAhXM-vps
https://www.youtube.com/watch?v=I6IAhXM-vps
https://www.youtube.com/watch?v=I6IAhXM-vps
https://www.youtube.com/watch?v=I6IAhXM-vps
https://www.youtube.com/watch?v=zAnOC7cfrUw
https://www.youtube.com/watch?v=zAnOC7cfrUw
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