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Abstract-: Satellite Internet uses constellations in
Geostationary (GEO), Medium Earth Orbit (MEO), and
Low Earth Orbit (LEO) to provide worldwide broadband
connectivity. Using cutting-edge LEO systems like
Starlink, OneWeb, and Kuiper to provide high-speed,
low-latency internet to remote areas, this study explores
the technical, social, and environmental aspects of
multi-orbit satellite networks. It looks at how they help
industries like education, healthcare, defense, and
disaster relief while also bridging the digital divide. The
study also discusses issues like spectrum congestion,
light pollution, and space debris, highlighting
sustainable development and global collaboration for the
prudent use of space resources.
Keywords:-Multi-orbit satellites, global broadband,
digital divide, space sustainability.

1. INTRODUCTION
Satellite Internet is a cutting-edge communication
technology that uses satellites orbiting around the
planet to deliver broadband connections. Satellite
internet sends and receives data directly between
user terminals, satellites, and ground stations, in
contrast to traditional networks that rely on fiber
cables, phone lines, or cellular towers. In remote,
rural, and difficult-to-reach locations where
constructing terrestrial infrastructure is challenging
or expensive, this makes internet connection
possible.
Global communication has changed as a result of the
emergence of multi-orbit satellite constellations,
including geostationary (GEO), medium Earth orbit
(MEO), and low Earth orbit (LEO) systems. Wide
coverage is provided by GEO satellites, moderate
latency is provided by MEO, and high-speed, low-
latency internet is provided by contemporary LEO
constellations like Starlink, OneWeb, and Amazon
Kuiper. These systems work together to create a
multi-layered, robust network that can support users
everywhere.

Beyond technology, satellite internet contributes
significantly to society by facilitating

ecommerce,telemedicine, online education, and
disaster relief. By delivering necessary services to
underserved areas, it fosters digital inclusion and
allows connectivity in emergency situations when
ground networks fail. Satellite systems are being
used more and more by governments, businesses,
and research institutions for real-time data transfer,
communication, and navigation.

2. Literature Survey
Since Arthur C. Clarke's 1945 proposal for
geostationary satellites for global communication,
satellite communication research has made
significant strides. The viability of space-based
networks for transcontinental data transfer was
demonstrated by early systems like Intelsat (1964)
and Telstar 1 (1962). Today's broadband satellite
systems, which place a higher priority on boosting
data speed, reducing latency, and extending global
coverage, were made possible by these early
innovations.
The emergence of multi-orbit architectures
integrating GEO, MEO, and LEO systems has
established a more adaptable and efficient
framework for global connection.
Low Earth Orbit (LEO) constellations, such as
Starlink, OneWeb, and Amazon Kuiper, are
becoming more and more important because they
offer lower latency and faster speeds than
conventional GEO satellites, according to recent
studies. Satellite placement, inter-satellite link
behavior, and system scalability were examined by
researchers like Su et al. (2021) and Neinavaie et al.
(2022), who emphasized the satellites' ability to
provide broadband internet comparable to fiber
networks.
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Chaudhry and Yanikomeroglu (2021) conducted
research on laser intersatellite communication,
demonstrating that data may be effectively sent
across dense LEO constellations without requiring
complete dependence on ground stations.

Scientists have also looked into how these systems
affect the economy and the environment. McDowell
(2020) talked about problems like light pollution,
space debris, and orbital congestion that get in the
way of astronomical research. Oughton (2021)
proposed a cost methodology for figuring out if
large-scale constellations are financially possible.
These studies show that satellite internet makes it
easier for people all over the world to access digital
content. However, it also raises environmental and
policy issues that require careful international
cooperation.
In conclusion, the literature shows that multi-orbit
satellite constellations, which combine technology,
economics, and environmental issues, are necessary
for the future of international communication.
Adding low-latency connectivity with wide
coverage can help close the digital gap and help with
disaster relief, healthcare, education, and defense.
Research shows that achieving this vision requires
sustainable orbital management, new satellite
design, and international cooperation to make sure
that the benefits of satellite internet are shared fairly
and responsibly.

3. Proposed Approach
In order to combine geostationary (GEO), medium
(MEO), and low Earth orbit (LEO) satellites into a
single system, we suggest a layered multi-orbit
satellite network. Although they have a greater
latency, GEO satellites, which are located at an
altitude of around 36,000 kilometers, function as
high-capacity backhaul nodes that cover very large
areas (such as continental broadcast) in this hybrid
architecture. The 2,000-35,000 km MEO satellites
serve as intermediate relays with wide regional
coverage and moderate latency.
Dense LEO constellations, consisting of hundreds to
thousands of tiny satellites at 500-2,000 km, offer
low-latency, high-throughput connections similar to
terrestrial broadband. The three layers work together
to give continuous worldwide coverage: GEO
ensures blanket reach, LEO provides quick access,
and MEO bridges the gap between them. This
layered method takes advantage of each orbit's
strengths - GEO's high throughput and area coverage
combined with LEO's low-delay connectivity - to

efficiently expand broadband access to the most remote and
underserved areas.

* LEO Constellation: A dense LEO mesh (similar to Starlink,
OneWeb, and Kuiper) provides the majority of user access.
Modern LEO systems are made up of hundreds or thousands of
satellites that serve as relay nodes, allowing for low-latency
(tens of milliseconds) broadband connectivity anywhere. The
LEO layer enables high-bandwidth applications (video, cloud
services) and tracks moving targets (ships, planes).

* MEO Backbone: The intermediate backbone is the MEO tier,
which is found at elevations of a few thousand kilometers. LEO
clusters are connected to GEO nodes and to one another by a
moderately sized MEO mesh, which facilitates traffic flow and
adds capacity. Compared to GEO, MEO satellites can transport
aggregated traffic from LEO and disperse it across greater
distances with less delay.

« GEO Backbone: A few GEO satellites serve as master
gateways and offer blanket coverage across large areas. They
can connect several MEO/LEO networks and provide
multicast/broadcast services (such direct-to-ISP feeds). Despite
their increased latency, GEO links are perfect for failover
pathways and network-wide control because of their extensive

IS T )
| (160-<2/000 km)

3 Mo
(52,000 <35,786 km) __.-~

reach. In this hybrid system, LEO/MEQO create a dynamic
"spoke" network of low-latency links, while GEO provides a
global "hub" layer.

1) Intersatellite Links and Ground Network Integration
Satellites in the LEO/MEO | levels are outfitted with
sophisticated intersatellite. communication systems to facilitate
smooth routing and high capacity. The network of high-
bandwidth laser (optical) links creates a dynamic mesh in space.
Transmission hops are significantly reduced because each LEO
satellite can transfer data straight to other satellites (and to MEO
nodes) without first returning to a ground station.

Before descending to Earth, traffic can take the quickest route
through space (such as a chain of LEO satellites across an
ocean) thanks to this mesh design. When possible, cross-layer
linkages are used
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to balance load between levels and send data over
multi-orbit shortest paths.

Equally important is effective ground-segment
integration. The space network is connected to fiber-
optic Internet backbones via a global network of
terrestrial gateway stations, or teleports. These
ground stations, which offer high-capacity
up/downlinks, are positioned geographically close
to significant fiber hubs and underwater cable
landings.

Ground gateways connect satellites to the terrestrial
Internet, whereas network centers handle dynamic
routing. User terminals monitor satellites with
phased-array antennas, ensuring continuous
connectivity. Inter-satellite laser links and ground
gateways operate together to create a worldwide
network that is fast, dependable, and integrated.

2) Societal Deployment for Digital Inclusion

The multi-orbit satellite system aims to close the
digital divide by providing internet to remote, rural,
and underserved places without fiber or cellphone
networks. Rural schools and clinics are prioritized,
allowing for tele-education through online
classrooms and virtual labs, as well as telemedicine
via remote diagnostics and video consultations.
Multi-orbit coverage guarantees connectivity even
during local power or weather outages, keeping
villages connected to centralized healthcare and
education hubs. Deployment techniques include
collaborating  with  governments and non-
governmental organizations to provide ground
terminals and educate local technicians, providing
long-term, community-based access.

The system serves as an emergency backup in
disaster-prone locations, restoring connectivity via
LEO and MEO satellites following network
interruptions. It also supports mobile populations
(ships, aircraft, and cars), while low-cost plans focus
critical access to e-commerce, agriculture,
government services, and education, so fostering
socioeconomic development and resilience.

3) Environmental Impact Mitigation

Recognizing environmental issues, the strategy
includes strategies for reducing light and debris
impacts. The high number of visible satellites
enhances astronomers' concerns about light
pollution. To mitigate this, satellites would use
darkening measures (matte coatings, sunshades) and
orientation control to reduce reflected sunlight
approaching sensitive observatories. Scheduled
maneuvers would avoid crossing important
telescope fields wherever possible. Similarly, the

design focuses on orbital debris management. All satellites
have autonomous collision avoidance capabilities (as do
existing constellations) and propulsive capabilities for
controlled end-of-life disposal. The system imposes
stringent deorbit plans, with satellites passivated and sent
down to burn up in the atmosphere at the end of their lives,
limiting long-term trash collection.
In GEO, retiring satellites are transferred to a safe
graveyard orbit. These approaches, together with active-
space traffic coordination, reduce orbital congestion and
Kessler risk.
Radio-frequency interference is also controlled by
coordinated spectrum use and clever beam guiding to
reduce undesired emissions. Operators avoid collisions by
adhering to orbital spacing requirements and regularly
sharing ephemeris. In essence, the network is designed to
be "sustainable by design": each satellite has a documented
disposal strategy, and the constellation expands only once
debris and visibility impacts are kept within internationally
agreed-upon boundaries.
4) Regulatory Coordination and Governance
The deployment of a multi-orbit satellite system requires
rigorous international regulatory cooperation. Spectrum
and orbital rights are managed by ITU assignments to
avoid interference, with operators submitting deployment
and deorbit plans in accordance with Radio Regulations and
ITU Resolution RA-23. A proposed "space sustainability
registry” monitors satellite end-of-life disposal, increasing
global situational awareness and assuring responsible usage
of GEO, MEOQO, and LEO channels.
Cross-border regulation guarantees that UN space debris
and peaceful use requirements are followed, while
international coordination minimizes costs “and prevents
spectrum conflicts. Early communication with space
authorities resolves environmental concerns, and disaster
relief capabilities corresponds with UN Sustainable
Development Goals, ensuring a balance of innovation and
global sustainability.

4. Methodology
The current research takes a qualitative, multidisciplinary
approach, combining literature review, comparative
analysis, and conceptual modeling to investigate multi-
orbit satellite internet systems from technological,
sociological, environmental, and regulatory perspectives.
1. Research Design
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This study uses a descriptive-analytical research
design to look into the structure, performance, and
impact of multi-orbit satellite constellations. The
design entails rigorously evaluating academic and
industrial literature, technical studies, and official
data from organizations such as SpaceX, OneWeb,
and the International Telecommunication Union
(ITU). The study highlights the interplay between
technical architecture, societal value, and
environmental sustainability, resulting in a holistic
framework that reflects real-world applications and
challenges.

2. Data Collection

The research relies primarily on secondary data
sources, ensuring a broad and reliable foundation
for analysis. Data was gathered from:

Academic journals and conference papers
discussing the evolution of GEO, MEO, and LEO
satellite networks.

Technical white papers and industry reports from
leading satellite internet providers such as Starlink,
OneWeb, and Amazon Kuiper.

Government and international agency
publications, including the ITU, FCC, and UN
Office for Outer Space Affairs, covering spectrum
policies, orbital management, and sustainability
practices.

Environmental studies and astronomical
research addressing light pollution, orbital debris,
and mitigation strategies.

All data sources were cross-verified for credibility,
relevance, and currency to ensure that the findings
reflect the latest technological and policy
developments in satellite communication.

3. Analytical Framework

The analysis is conducted in three interconnected
stages:

a) Technical Infrastructure Analysis
A comparison of multi-orbit systems (GEO, MEO,
and LEO) was conducted to examine latency,
coverage, data throughput, and network
dependability. Special emphasis was placed on LEO
constellations, which serve as the foundation for
modern broadband efforts. The investigation also
looked at system topologies, inter-satellite link
configurations, and ground segment integration to
see how layered orbital networks increase overall
performance.

b) Societal Application Assessment
This stage investigates how satellite internet
promotes digital inclusion by facilitating education,
healthcare, crisis management, and industrial

activities in remote areas. A qualitative analysis of documented
case studies (for example, Starlink installations in disaster zones and
rural schools) was conducted to discover patterns of social impact
and accessibility improvements. Affordability, adoption hurdles,
and governmental support were among the socioeconomic issues
studied.

c) Environmental and Regulatory Evaluation

small satellite 3 ix‘ inter-plane link
% - GES link
= % intra-plane IS
LEO layer
-
Ground layer - — s
loT devices J——
e e Internet
= I appllcam GES
® Ve W server S

Environmental implications were assessed by analyzing research on
space debris, light pollution, and orbital congestion. The study
investigates mitigating measures, such as deorbiting processes,
collision avoidance, and satellite design adjustments, and compares
their effectiveness to global sustainability norms. In parallel, the
study examines international regulatory frameworks, with an
emphasis on spectrum allocation, orbital slot management, and
international cooperation under ITU and UN principles.

4. Comparative and Conceptual Modeling

To consolidate ideas, the study creates a conceptual model that
depicts the interplay of the three orbital layers (GEO, MEO, and
LEO) and their associated technological and policy aspects. This
model establishes a foundation for understanding how multi-orbit
integration might strike a balance between performance efficiency,
cost-effectiveness, and sustainability. A comparative examination
of existing satellite constellations (Starlink, OneWeb, and Kuiper)
was carried out to identify performance measures and best practices
in network design and management.

5. Validation and Limitations

The findings were validated through triangulation— cross-
referencing information from diverse technical, academic, and
institutional sources. However, due to limited access to proprietary
operational data from private companies, the research primarily
depends on publicly available information. Additionally, rapid
technological advancements and changing regulatory landscapes
may influence the long-term applicability of certain findings.
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6. Ethical and Policy Considerations

The study follows ethical guidelines by using
verified open-source data and properly citing all
references. It also addresses policy issues such as
data privacy, worldwide accessibility, and the long-
term use of orbital resources, ensuring that the
suggested solutions are consistent with responsible
and equitable space utilization.

The findings of this study show how multi-orbit
satellite constellations, which combine LEO, MEO,
and GEO systems, have greatly increased global
broadband communication, improved digital
accessibility, and created new frameworks for long-
term space operations. The findings are given in
three primary dimensions: technical infrastructure
performance, societal outcomes, and
environmental/regulatory implications.

5. RESULT
1. Technical Infrastructure Performance
The findings demonstrate that a hybrid multi-orbit
system effectively strikes a balance between data
throughput, latency, and coverage.
 Low Earth Orbit (LEO) constellations like
Starlink, OneWeb, and Amazon Kuiper provide
high-speed connectivity with latency of 20-40 ms,
similar to terrestrial fiber networks. Their close
proximity to Earth (500-2,000 km) ensures low
latency and high reliability, making them ideal for
real-time applications like video conferencing and
online learning.
« Despite being fewer in number, Medium Earth
Orbit (MEO) satellites improved network stability
during periods of high traffic by acting as
intermediary relays and enhancing regional
connectivity.
» Geostationary Earth Orbit (GEO) satellites
provided continuous worldwide coverage and high-
capacity backhaul links, allowing for integration
with  terrestrial networks and uninterrupted
communication in remote areas.
The three-tier orbital architecture allows for
dynamic routing, efficient data relay via laser lines,
and balanced network loads through global NOCs
and gateways. This hybrid arrangement surpasses
single-orbit systems in terms of dependability,
bandwidth, and latency, demonstrating its suitability
for global broadband.
2. Societal and Economic Outcomes
The study's results suggest that multi-orbit satellite
networks have tremendous potential to overcome
the digital divide, especially in locations
underserved by terrestrial infrastructure.

* Rural and Remote Connectivity: Satellite broadband
provides internet connectivity to remote villages, islands, and
mountains where cable installation is not economically
possible. This connectivity facilitated online education,
telemedicine, and small-business e-commerce, thereby
promoting digital inclusion and local development.

» Disaster Management: When ground networks were down

due to natural disasters like floods, earthquakes, and
hurricanes, satellite internet kept communication channels
open. The technology was critical for rescue coordination and
emergency communication, providing real-time situational
updates to aid agencies.

» Defense and Security: Continuous and secure global
coverage aided defense operations by allowing observation,
coordination, and intelligence gathering in locations with
restricted terrestrial connection.

« Economic Growth: The incorporation of satellite networks
into business, logistics, and research sectors opened up new
possibilities for global trade, remote work, and industrial
monitoring

3. Environmental and Sustainability Findings While
satellite internet has numerous advantages, the study also
identifies important environmental

issues that require rapid attention.
» Space Debris: The fast deployment of thousands of LEO

satellites has raised the possibility of orbital congestion and
collisions. Data reveal that a small percentage of satellites (3-
5%) may malfunction or become unresponsive, stressing the
importance of autonomous deorbiting and collision-avoidance
systems.

» Light Pollution: Observations confirm that satellites' shiny
surfaces interfere with astronomical imaging and night-sky
visibility. Dark coatings and adjusted orbital location have
been shown to successfully reduce brightness and visual
interference.

» Spectrum Congestion: The increased demand for satellite
communication has heightened ‘competition for frequency
bands, emphasizing the significance of coordinated spectrum
management  under the ' International Telecommunication
Union.

4. Regulatory and Policy Insights

Regulatory evaluations show that there is a rising international
understanding of the importance of cooperative governance in
satellite operations. Spectrum assignment and orbital slot
management have improved thanks to collaboration between
institutions such as the ITU, the United Nations
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Office for Outer Space Affairs (UNOOSA), and
national space authorities.
However, disparities in national rules, data security
standards, and licensing procedures continue to pose
problems for cross-border satellite internet
deployments. The findings indicate that developing
a worldwide legislative framework with established
norms for debris abatement, spectrum sharing, and
data privacy will be critical to future sustainability.

6. Conclusion
Satellite  Internet has transformed global
connectivity and is now a necessary part of
contemporary communication. By combining Low
Earth Orbit (LEO), Medium Earth Orbit (MEO), and
Geostationary Earth Orbit (GEO) technologies,
multi-orbit constellations offer dependable, fast, and
low-latency internet connections globally. The most
remote and underserved areas now have continuous
coverage and broadband connectivity thanks to this
combination.
Aside from its technological benefits, satellite
internet plays an important role in closing the digital
divide. It connects rural schools, healthcare
facilities, and remote communities, allowing for
telemedicine, online education, defense
communication, and disaster management. Multi-
orbit systems promote social inclusion, economic
development, and empowerment by ensuring equal
access to digital services, effectively making
connectivity a universal right.
Space debris, light pollution, and spectrum
congestion are among the environmental and
regulatory issues brought on by the rapid growth of
satellite networks. In the future of connectivity,
striking a balance between innovation and
environmental responsibility — will require
sustainable  deployment  and international
collaboration.

7. References

1. Duan, T., & Dinavahi, V. (2021). Starlink Space
Network-Enhanced Cyber-Physical Power System. IEEE
Transactions on Smart Grid, 12(4), 3673-3675.
https://doi.org/10.1109/TSG.2021.3068046
2. Su, B., & Zhou, Q. (2021). Analysis of Dynamic
Evolution and Station-Keeping of Starlink. Proceedings of
the China Automation Congress (CAC),8229-8234.
https://doi.org/10.1109/CAC53003.2021.9728207
3. Neinavaie, M., Khalife, J., & Kassas, Z. M. (2022).
Acquisition, Doppler Tracking, and Positioning with
Starlink LEO Satellites: First Results. IEEE Transactions
on Aerospace and Electronic Systems, 58(3),2606—2610.
https://doi.org/10.1109/TAES.2021.3127488
4, Chaudhry, A. U., & Yanikomeroglu, H. (2021). Laser
Intersatellite Links in a Starlink Constellation: A

Classification and Analysis. IEEE Vehicular Technology
Magazine, 16(2), 48-56.
https://doi.org/10.1109/MVT.2021.3063706

5. Foust, J. (2019). SpaceX’s Space-Internet Woes: Despite
Technical Glitches, the Company Plans to Launch the
First of Nearly 12,000 Satellites in 2019. IEEESpectrum,
56(1), 50-51.
https://doi.org/10.1109/MSPEC.2019.8594798

6. Kalyani, P. (2021). Internet from Sky: Starlink — An
Empirical Study on the Introductory Offer from Starlink in
Pandemic Situation: Its Competition, Opportunity, and
Future in India. Journal of Management, Engineering and
Information Technology, 8(2394-8124).
https://doi.org/10.5281/zenodo.4733198

7. Su, Y., Liu, Y., Zhou, Y., Yuan, J., Cao, H., & Shi, J.
(2019). Broadband LEO Satellite Communications:
Architectures and Key Technologies. IEEE Wireless
Communications, 26(2), 55-61.
https://doi.org/10.1109/MWC.2019.1800299

8. McDowell, J. C. (2020). The Low Earth Orbit Satellite
Population and Impacts of the SpaceX Starlink
Constellation. The Astrophysical Journal Letters, 892(2).
https://doi.org/10.3847/2041-8213/ab8016

9. Oughton, E. J., & Qgutu, O. B. (2021). A Techno-
Economic Cost Framework for Satellite Networks Applied
to Low Earth Orbit Constellations: Assessing Starlink,
OneWeb, and Kuiper. arXiv preprint.
https://arxiv.org/abs/2108.10834

10. Fairhurst, G., Collini-Nocker, B., & Caviglione, L.
(2008). FIRST: Future Internet — A Role for Satellite
Technology. In Proceedings of IWSSC, 160-164.
https://doi.org/10.1109/IWSSC.2008.4656774

11. International Telecommunication Union (ITU).
(2022). Space Services and Spectrum Management: Radio
Regulations for Satellite Networks. ITU Publications,
Geneva.

12. United Nations Office for Outer Space Affairs
(UNOOSA). (2021). Guidelinesfor the Long-term
Sustainability of Outer Space Activities. United Nations,
Vienna.

13.SpaceX. (2023). Starlink Technical Overview and
Environmental  Impact Report. SpaceX Official
Documentation. Retrieved from
https:/iAww.spacex.com/starlink

IJCRT2510277 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c322


http://www.ijcrt.org/
https://arxiv.org/abs/2108.10834
http://www.spacex.com/starlink

