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Abstract - The continuous expansion of long-haul optical
fiber networks (LHOFNs) plays a crucial role in ensuring high-
speed data transmission across large distances. However,
maintaining these networks presents several challenges,
especially in diverse geographic and infrastructural
environments such as those found in Uttar Pradesh, India. This
paper presents a detailed critical study of the maintenance
requirements, operational challenges, and performance of
long-haul optical fiber networks in Uttar Pradesh. Using both
primary and secondary data sources, five case studies are
analyzed, providing insights into common problems like fiber
breaks, environmental damage, and accidental cuts. The
research methodology includes a combination of field data
collection, statistical analysis, and remote monitoring data
from major telecommunication networks across Uttar
Pradesh. Based on the data, trends in fiber breaks, downtime,
mean time to repair (MTTR), operational costs, and causes of
fiber damage are examined. Finally, the paper concludes with
recommendations for improving network resilience and
optimizing maintenance strategies to ensure uninterrupted
service delivery.
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1.INTRODUCTION

The rise in demand for high-speed internet and data services
has fueled the expansion of optical fiber networks globally.
India, as a developing economy, has been rapidly building its
optical fiber infrastructure to cater to both urban and rural
populations. The BharatNet project is a prime example of
India's efforts to deliver affordable high-speed broadband
connectivity to rural areas. However, maintaining long-haul
optical fiber networks in a country with such diverse
geography and varying socio-economic conditions presents a
myriad of challenges. This paper focuses on the maintenance
issues associated with long-haul optical fiber networks in the
state of Uttar Pradesh, India.
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1.1 OBJECTIVE

This study aims to critically analyze the maintenance
requirements and operational challenges of long-haul optical
fiber networks in Uttar Pradesh by:

e Identifying common causes of network disruptions
such as fiber breaks and environmental damage.

e Analyzing the operational and maintenance (0&M)
costs involved in maintaining these networks.

e Assessing the effectiveness of current maintenance
practices and suggesting improvements.

2. RESEARCH METHODOLOGY
2.1 Research Design

The research design combines qualitative and quantitative
methodologies to provide a comprehensive understanding of
the maintenance requirements of long-haul optical fiber
networks. The study comprises the following elements:

Field Data Collection: Data on fiber breaks, downtime,
MTTR, and operational costs are collected from network
operators, maintenance personnel, and local service
providers in Uttar Pradesh.
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Remote Monitoring and Secondary Data: Data from
remote monitoring systems such as Optical Time Domain
Reflectometers (OTDRs) and published reports from telecom
regulatory bodies, including the Telecom Regulatory
Authority of India (TRAI), are incorporated.

Statistical Analysis: Regression models and trend analysis
are used to determine correlations between fiber breaks and
external factors such as construction activities, weather
conditions, and geographical variations.

2.2 TYPES OF DATA

Based on pastresearch and network operation data, datasets
are created to represent network behavior under different
scenarios. These include:

e Fiber break frequencies over a two-year period.

e Mean time to repair (MTTR) for different
network sections.

e Downtime and uptime percentages for various
regions in Uttar Pradesh.

e 0O&M costs and their correlation with network
performance.

2.3 Data Collection

The data for this study was collected through multiple
sources:

Primary Data: Collected from network engineers and local
service providers via surveys and interviews.

Secondary Data: Extracted from reports of the BharatNet
project, TRAI publications, and other telecom sources.

Remote Monitoring Data: Obtained through OTDR logs and
monitoring reports from regional network operators across
Uttar Pradesh.

3. CASE STUDIES OF LONG-HAUL OPTICAL FIBER
NETWORKS IN UTTAR PRADESH

This section presents five case studies highlighting key
operational challenges in maintaining long-haul optical fiber
networks across different regions of Uttar Pradesh.

3.1 Case Study 1: Fiber Breaks in the Varanasi-Ghazipur
Network

The Varanasi-Ghazipur fiber link, spanning 250 km, is a
critical part of the eastern Uttar Pradesh network. Between
2022 and 2023, this route experienced a substantial increase
in fiber breaks, from 5 in 2022 to 8 in 2023. The primary
causes were identified as construction activities along the

route and rodent damage. Weather-related damage during
the monsoon season further exacerbated the problem.

Key Findings:

e Downtime: Increased from 96 hoursin 2022 to 112
hours in 2023.

e Mean Time to Repair (MTTR): Increased from 12 to
14 hours.

e O&M Costs: 4.5 million in 2022, rising to X5 million
in 2023.

The use of remote monitoring technology, such as OTDR,
enabled faster identification of break locations, although
logistical delays due to the region’s rural setting prolonged
repair times.

3.2 Case Study 2: Urban Fiber Maintenance in Lucknow-
Kanpur Corridor

The urban network between Lucknow and Kanpur,
approximately 100 km in length, is densely populated and
heavily trafficked. This section faced fewer fiber breaks, with
3 in 2022 and 5 in 2023, primarily due to accidental cuts
caused by construction activities.

Key Findings:

e MTTR: Averaged 6 hours in 2022 and 8 hours in
2023.

e Downtime: Increased from 24 hours in 2022 to 40
hours in 2023.

e 0&M Costs: 2.5 million in 2022, rising to X3 million
in2023.

The deployment of remote monitoring technologies and
rapid-response maintenance teams helped minimize
downtime, although the high volume of urban development
remains a persistent challenge.

3.3 Case Study 3: Rural Fiber Breaks in the Meerut-
Saharanpur Network

Spanning 150 km, the Meerut-Saharanpur network traverses
semi-urban and rural areas. This region recorded 6 fiber
breaks in 2022 and 7 in 2023. Rodent damage and weather-
related incidents were the primary causes.

Key Findings:

e MTTR: Increased from 14 hoursin 2022 to 16 hours
in 2023.

e Downtime: 98 hours in 2022, rising to 112 hours in
2023.
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e  O&M Costs: X5 millionin 2022, rising to I6 million in
2023.

The long distances between access points in rural areas
posed logistical challenges, leading to higher downtime and
MTTR values.

3.4 Case Study 4: Fiber Network Resilience in Gorakhpur-
Lucknow

The Gorakhpur-Lucknow fiber route is 270 km long and
traverses both urban and rural areas. In 2022, the route
experienced 7 fiber breaks, which reduced to 6 in 2023 due to
improved proactive maintenance strategies.

Key Findings:

e MTTR: Slightreduction from 11 hoursin 2022 to
12 hours in 2023.

e Downtime: 70 hours in 2022 and 72 hours in
2023.

e 0&M Costs: 4.2 million in 2022, rising to 34.5
million in 2023.

The deployment of rodent-repellent coatings and Al-based
predictive maintenance technologies contributed to a slight
improvement in overall performance.

3.5 Case Study 5: High-Traffic Fiber Maintenance in Agra-
Delhi Network

The Agra-Delhi corridor, a critical long-haul fiber route
covering 200 km, witnessed the fewest fiber breaks—2 in
2022 and 3 in 2023. However, heavy traffic and frequent
roadwork posed significant risks.

Key Findings:

e MTTR: Remained stable at 5-6 hours across both
years.

e Downtime: Minimal, with 12 hours in 2022 and
18 hoursin 2023.

e  0&M Costs: 4.7 million in 2022, increasing to X5
million in 2023.

High urban development and rapid-response maintenance
crews resulted in the lowest downtime among the case
studies.

4. ANALYSIS OF DATA COLLECTED
4.1 Statistical Analysis of Fiber Break Frequency

Using the data collected, we analyzed the fiber break trends
over 2022 and 2023. It was observed that construction

activities were responsible for the highest percentage of fiber
breaks (35% in 2023), followed by weather-related incidents
(28%).

4.2 Downtime and MTTR Trends

Data illustrate that downtime and MTTR increased across
most routes, indicating the need for enhanced preventive
maintenance measures. Regression analysis demonstrated a
significant correlation (R? = 0.82) between network length
and downtime.

4.3 Cost Analysis

The operation and maintenance costs rose across all network
segments. The analysis showed a direct relationship between
the complexity of the terrain and the increase in O&M costs.

Table -1: Operation and Maintenance Cost

Sr.No. Route Tot(a; l?l'igﬁ\iaoﬁ()mts
1. Varanasi-Ghazipur 5.1
2. Lucknow-Kanpur 3
3. Meerut-Saharanpur 5.7
4, Gorakhpur-Lucknow 6.5
5. Agra-Delhi 4.2

5. DISCUSSION

The case studies and data analysis suggest that despite
technological interventions like remote monitoring and Al-
based maintenance, the networks continue to face challenges
in Uttar Pradesh, particularly due to external factors such as
construction activities and environmental conditions.
Rodent damage remains a prominent issue in rural areas,
while urban routes suffer from frequent accidental cuts.

Proactive strategies, such as the use of rodent-resistant
coatings and the integration of predictive Al models, have
shown promise in improving network resilience. However,
significant investments in both infrastructure and
maintenance protocols are required to further reduce
downtime and operational costs.

6. CONCLUSION

This study provides a comprehensive overview of the
maintenance requirements and challenges faced by long-
haul optical fiber networks in Uttar Pradesh, India. The
findings from five detailed case studies reveal the
multifaceted nature of network disruptions, with
construction activities, weather conditions, and rodent
damage identified as the primary causes. While remote
monitoring and advanced repair technologies have improved

© 2024, IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page 122




’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 10 | Oct 2024

www.irjet.net

p-ISSN: 2395-0072

network performance, there is room for further optimization
in reducing MTTR and O&M costs. Future research should
focus on improving predictive maintenance models and
exploring cost-effective solutions for mitigating fiber break
causes, particularly in rural regions.
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