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Abstract  

This ambitious project seeks to establish a robust, high-speed fiber optic network that 

will connect Europe with South Asia through a terrestrial route spanning Saudi Arabia, Iraq, 

Turkey, Bulgaria, Hungary, and Austria. The project presents a strategic alternative to 

traditional maritime internet cables, which often traverse underwater routes from Europe to 

South Asia. By relying on a land-based network, this initiative aims to mitigate some of the 

risks associated with undersea cables, such as disruptions caused by natural disasters, shipping 

accidents, or geopolitical tensions in maritime zones. One of the key components of this project 

is infrastructure development. This involves laying extensive fiber optic cables, building data 

centers, and ensuring that the network is both secure and scalable. Unlike the challenges faced 

by undersea networks, land-based infrastructure allows for easier maintenance, potential 

expansions, and faster upgrades to meet future demands for higher data speeds and increased 

bandwidth. Technology integration plays a crucial role as well. Advanced networking 

technologies like 5G, edge computing, and cloud services can be integrated into this fiber optic 

network, enabling the efficient handling of vast amounts of data and enhancing overall 

performance. The deployment of state-of-the-art technologies will also help in reducing 

latency, improving user experience, and fostering innovation in the region. 

Keywords: Monitoring, integrated development environment, Internet of Things, Fiber optic 

network, service level agreement. 
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 Introduction 

This paper aims to create a resilient and high-speed fiber optic network connecting 

Europe, Gulf, and South Asia countries through Saudi Arabia, Iraq, Turkey, Bulgaria, Hungary, 

Romania, Switzerland, and Austria, providing a viable route between Europe and South Asia 

countries [1]. By focusing on infrastructure development, technology integration, and 

stakeholder collaboration, this initiative will significantly enhance digital connectivity in the 

region, addressing the limitations and challenges of existing internet connectivity through 

subsea routes. It helps to mitigate the hazards in the red sea to global data transmission, 

minimize the overall delay by up to 30 percent, and fullfill the global data crisis in case of any 

issues with the traditional subsea route through the red sea [2].  Existing subsea routes suffer 

from high latency, impacting real-time applications and data-intensive services. The growing 

demand for data and internet services requires more robust and scalable bandwidth solutions. 

Reliance on subsea cables passing through the Red Sea poses potential geopolitical risks and 

disruptions [3]. An incident management system has been implemented that provides visibility 

on the provider network performance, such as fiber cuts and equipment-related issues. For 

repairs concerning fiber cuts or outages, we have direct contact with the provider team and 

escalate issues on a timely basis to speed up the process and meet the SLA (Service Level 

Agreement). We implement reserved capacity to avoid prolonged outages. A maintenance 

management system has been implemented with an SLA to notify the details of planed works. 

[4]. The project will analyze the existing telecommunications infrastructure in the region and 

pinpoint areas that require new fiber optic lines, repeater stations, and supporting infrastructure. 

Where possible, the project will aim to utilize and integrate with existing infrastructure to 

optimize resources and minimize disruption. The assessment will take a holistic view, ensuring 

the new fiber optic network seamlessly integrates with and enhances the overall regional 

connectivity landscape [5]. 

 Related work 

Focusing on these aspects, the project will significantly enhance digital connectivity in 

the region, playing a critical role in bridging the digital divide between Europe and South Asia. 

By providing a direct and efficient alternative to traditional subsea internet cables, this initiative 

addresses key challenges such as latency, reliability, and the susceptibility of undersea cables 

to disruptions caused by environmental factors, accidents, or sabotage. The increased speed 
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and reliability of this infrastructure could have transformative effects across various sectors. 

For instance, it would enable seamless communication and data exchange, fostering innovation 

in technology and enabling the rapid scaling of cloud-based services. The reduction in latency 

and potential cost savings could make high-speed internet more accessible to businesses and 

individuals alike, fueling digital inclusion. From an economic perspective, the project could 

serve as a catalyst for growth by supporting the expansion of e-commerce platforms, digital 

financial services, and cross-border trade ecosystems. This connectivity boost would empower 

and enhance supply chain efficiencies and create new opportunities for digital 

entrepreneurship. Moreover, improved internet infrastructure can attract global tech companies 

to invest in the region, stimulating job creation and skill development in industries such as data 

processing, artificial intelligence, and cyber-security. Additionally, the enhanced resilience of 

internet connectivity would be crucial for critical services such as healthcare, education, and 

emergency response systems, enabling them to function seamlessly even during crises. 

Transport-layer throughput is significantly impacted in terms of performance by network 

packet losses. Lost packets necessitate retransmissions for dependable data flow, which results 

in extremely lengthy delays. Performance issues arise from this tail of the packet delay 

distribution. To cut down on lengthy delays for some packets, there are a number of ways to 

trade off networking resources in advance. As an alternative, we suggest packet pacing, which 

adds deliberate delay to packet transmissions to improve traffic characteristics. Although this 

deliberate delay goes against the best-effort principle, it can lessen traffic burstiness and 

enhance network performance generally, especially in networks with limited packet buffers. 

[1]. For specific applications, including data transfer for earthquake early warning, financial 

business transactions, and interactive services like online games, latency is a crucial metric to 

characterize the performance of transmission networks. Both signal processing delays at nodes 

and transmitters as well as signal propagation delays brought on by electromagnetic wave 

propagation, make up latency. Wave propagation speed in standard single-mode fibers (SMFs) 

is slower than c, which determines the lower limit of latency in transmission systems using 

SMFs. Large core fibers, hollow fibers, and photonic crystal fibers can all transport light more 

quickly than SMFs and have low effective refractive indices. Since signals travel at speed c in 

free-space optical systems, the latency may be less than that of optical fibers [2]. The majority 

of routers and packet switches are still operating at client data rates of 1, 2.5, and 10 Gbps in 

the interim. By reducing the number of wavelengths and enabling efficient use of wavelength 

capacity, optical transport network (OTN) switching technology network costs [14]. It has been 
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shown that employing an integrated OTN/WDM switch architecture is more economical since 

it does away with the requirement for short-reach client interfaces. Furthermore, compared to 

a configuration that uses a programmable optical add-drop multiplexer, [15] the OTN/WDM 

uses less power and rack space [3] In this work, we create a regional area information 

distribution network platform, NerveNet, which consists of a mesh network system and 

distributed server functionalities. NerveNet is a network system made up of a CPU board 

running Linux and hardware for a Layer 2 Virtual Local Area Network (VLAN) switch [5]. 

Comparing CD and CDC nodal architectural technologies for flex grid DWDM optical 

networks is the primary goal of the article. A DWDM network is optimized for both nodal 

designs using the chosen methodology, and resource usage is compared. A number of heuristic 

algorithms inspired by nature, primarily based on evolutionary algorithms, have been chosen 

to tackle the optimization problem using practical computer resources. Numerical tests were 

performed for two different backbone networks [6].  

 Proposed System Model 

We need to utilize the existing terrestrial network path from another transmission 

provider on the required segment to connect to our own service path to minimize project costs. 

We will select the transmission provider based on the network build-up and service stability 

during the testing of their segments. We will work together to increase capacity and stability. 

 

Figure 1. Block Diagram 
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Flex Grid enables precise bandwidth allocation, minimizing wasted capacity. The 

granular nature of Flex Grid allows for seamless capacity scaling to meet evolving demands. It 

supports a wide range of bandwidth services, from low-capacity to high-capacity. Optimized 

resource utilization and simplified network management can lead to cost savings [13]. Flex 

Grid is well-suited for emerging technologies like 400G and 800G, ensuring network readiness 

for future advancements. Upgrading network hardware and software may require significant 

upfront costs. In fixed grid mode, bandwidths cannot be adjusted flexibly. By enabling efficient 

use of the optical spectrum, flexible grid mode supports modern, high-capacity networks and 

is particularly beneficial for applications involving dynamic traffic patterns, such as data 

centers, cloud computing, and 5G networks [7]. Effective collaboration with service providers 

is crucial for maintaining seamless network operations and ensuring service reliability. The 

following key aspects outline how service provider collaboration is structured to manage 

incidents, repairs, maintenance, and continuous improvements [9].    

 Result 

Table 1 shows the Comparison of parameters between Sub Sea Path and Terrestrial 

Path highlighting differences in cost, maintenance, fault tolerance, and performance. 

IMPROVED SUB SEA PATH TERRESTRIAL PATH 

Deployment and 

Maintenance Cost 
Very High Moderate 

Repair and 

Maintenance Time 
3 Days to 1 Month 1 hour to 1 Day 

Permits approval for 

work 
1 Month to 5 Months 1 Day to 7 Days 

Fault Isolation Complex Medium 

Capacity Risk In Single Point of failure Protection path will be available 

Bandwidth Moderate Very High 

Table 1. Comparison of Parameters 

4.1 Repair Operations for Subsea and Terrestrial Faults  

Repair operations for faults occurring in subsea systems, whether in the wet plant 

(underwater components like cables and repeaters) or the dry plant (land-based terminal 

equipment), are highly complex, time-consuming, and involve significant risks. These 

operations often require specialized equipment, skilled resources, and coordination with 
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multiple stakeholders, including government authorities, which can lead to prolonged delays. 

If the fault involves a repeater, the repair process becomes even more challenging. The carrier 

delay is configured based on the latency characteristics of each provider's transmission 

medium. Latency is determined by the physical distance, transmission technology, and overall 

network conditions [11]. Figure 2 represents repair time and cost.  

 

Figure 2. Repair time & Cost 

4.2 Cost and Latency 

Installation of subsea cables is extremely high cost and mid-rate latency compared to 

terrestrial fiber cables. The process involves site surveys, route map preparation, and obtaining 

an NOC from other cable operators or the government. In the case of terrestrial cables, the 

installation cost and securing the permits are much easier compared to subsea cable systems. 

The latency will reduce by 30% from the existing subsea path due to geological location [6]. 

Figure 3 represents the latency and Figure 4 shows the plot of Latency Issues. 

           

                    Figure 3. Latency                                          Figure 4. Latency issues 
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4.3 Encryption and Authentication  

Layer 3 (L3) protocols are employed to further enhance security at the end-user level. 

These protocols ensure the confidentiality and authenticity of data by implementing advanced 

encryption and authentication techniques. Encryption protects data from being deciphered by 

unauthorized parties, while authentication ensures that only verified users can access the 

network. Additionally, artificial intelligence (AI) security protocols are integrated to monitor 

the system in real time, detect anomalies, and respond proactively to emerging cyber threats. 

This AI-driven approach strengthens the network's ability to adapt to evolving cyber-security 

challenges [8]. 

 Conclusion and Future Work 

Increase the high data rate for the expanding internet access in the future and reduce 

latency by 30% from the present network routes globally between Europe and South Asia. This 

ambitious project aims to create a resilient and high-speed fiber optic network connecting 

Europe through Iraq, Turkey, Bulgaria, Hungary, and Austria, providing a viable alternative to 

maritime routes to south Asian countries. By focusing on infrastructure development, 

technology integration, and stakeholder collaboration, this initiative will significantly enhance 

digital connectivity in the region, addressing the limitations and challenges of existing internet 

connectivity through subsea routes. Fiber optic network innovations to bypass the Red Sea 

route represent a strategic advancement in global data connectivity. By creating alternative 

routes, ESFIBER aims to enhance network resilience, reduce latency, and increase data 

capacity while minimizing exposure to geopolitical risks and high-risk areas. These efforts will 

enable faster, more secure data transfer across Europe, Asia, and Africa, benefiting a broad 

range of industries reliant on low-latency, high-capacity networks. Through the adoption of 

cutting-edge fiber optic technologies and a commitment to environmental sustainability, 

ESFIBER’s project not only addresses current challenges data connectivity but also 

underscores the importance of diversifying global data pathways and strengthens the backbone 

of international communication in an increasingly interconnected world. Increasing global 

internet bandwidth and data speed, an innovative fiber optic network could help redefine 

international data connectivity, enhance security and resilience, reduce latency, and increase 

capacity, especially for data traveling between Europe, Asia, and Africa. This project would 

mark a strategic advancement in global telecom infrastructure, benefiting a wide range of 
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industries and users. Developing routes with minimal environmental impact, potentially 

avoiding sensitive ecosystems and minimizing carbon footprint by optimizing route efficiency 

will be crucial. Implementing energy-efficient fiber optic technologies to reduce the overall 

environmental impact of data transmission is also essential.  
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