
UAV-Satellite Integration for Communication
System: Potential Applications and Key Challenges

Quang Tuan Do, Anh-Tien Tran, Demeke Shumeye Lakew, Hyosu Kim, Yongseok Son,
Hyung Tae Lee, Jeongyup Paek, and Sungrae Cho

School of Computer Science and Engineering, Chung-Ang University, Seoul, South Korea
Email: {dqtuan, attran, demeke}@uclab.re.kr, {hskimhello, sysganda, hyungtaelee, jpaek, srcho}@cau.ac.kr

Abstract—Unmanned aerial vehicle (UAV) and satellite inte-
gration has become an evolution in communication systems.
This study explores the synergistic potential of UAV-satellite
integration, along with its applications, difficulties, and potential
future prospects. While satellites provide a wider geographical
reach, UAVs increase localized coverage and flexibility. This
combination shows potential for numerous applications like
disaster response, environmental monitoring, remote connectivity,
and scientific research campaigns. Coordination of the network,
energy efficiency, security, signal interference, and many more
are currently the issues we need to pay attention to in this
system. Swarm intelligence, AI-driven decision-making, and hy-
brid communication architectures are promising study areas in
the future. As the UAV-satellite integration process advances,
it reshapes communication standards and offers unprecedented
efficiency and connectivity.

Index Terms—UAV-Satellite Integration, Unmanned Aerial
Vehicles (UAVs), Satellite, Wireless Communication

I. INTRODUCTION

Communication system evolution is inevitably linked to
technical innovation, which is frequently defined by the combi-
nation of various components that result in revolutionary ideas.
Among recent breakthroughs, the combination of Unmanned
Aerial Vehicles (UAVs) with satellites stands out as an influ-
ential driving force waiting to revolutionize communication
network capabilities [1], [2]. While UAVs add mobility and
localized coverage to the equation, satellites broaden their
reach and provide complete observation capabilities. This
combination creates a synergy that goes beyond the limitations
of traditional communication techniques. Previously divided
into distinct domains, with UAVs navigating the lower at-
mosphere and satellites stationed high above, the recognition
of their joint potential surpasses these boundaries. Each of
them individually provide a range of applications across a
wide range of industries, transforming the traditional commu-
nication methods. Consider, for instance, the realm of disaster
management, where the rapid response enabled by UAVs can
be amplified by satellite networks, offering not only real-time
assessments but also learned decision-making through data fu-
sion. In the context of environmental monitoring, UAVs’ aerial
precision complements satellites’ macroscopic perspective,
enhancing the comprehension of complicated environmental
dynamics [3]. The potential applications, however, are not
restricted to these cases. As this survey will demonstrate,
UAV-satellite integration has a wide range of applications,

including precision agriculture, communication extension to
rural areas, scientific research campaigns, and many more.
UAVs and satellites’ combined power exceeds the sum of
their separate capabilities, opening the way for innovative
communication systems. The following sections provide an
overview of the motivations behind UAV-satellite integration
(Section II), discuss a number of example applications in this
field (Section III), and outline key challenges and future works
suggestion (Section IV). This concise journey in concluded
Section V, where we reflect on the transformative potential that
UAV-satellite integration holds for communication systems.

II. MOTIVATION OF UAV-SATELLITE SYSTEM

The integration of UAVs and satellites in communication
networks represents a synergy that has been prompted by
several compelling motivations. This section goes into the
motivating factors for the convergence of the two platforms.

1) Extended Coverage and Accessibility: One of the key
incentives for UAV-satellite integration is the ability to
extend communication coverage to previously inaccessi-
ble areas. Although satellites provide vast global cover-
age, their reach can be limited in specific geographical
terrains, metropolitan environs, or highly forested areas.
In these cases, the use of UAVs bridges the gap by
providing localized coverage where satellite signals may
be obscured or degraded. This combination provides
ubiquitous accessibility, allowing for continuous commu-
nication even in remote or challenging terrain [4].

2) On-Demand and Rapid Deployment: UAVs are charac-
terized by their agility and rapid deployment capabilities.
In situations requiring immediate communication setup,
such as disaster response, UAVs can be dispatched swiftly
to establish communication links. This is especially im-
portant in cases when current communication infrastruc-
ture has been degraded. The integration of UAVs with
satellites augments the rapid deployment aspect, allowing
for real-time communication restoration and assessment
in disaster-stricken areas [2].

3) Enhanced Data Collection and Fusion: Satellites excel
at collecting macroscopic data and provide large-scale
observation and monitoring capabilities. Their ability to
capture fine-grained information, however, can be limited.
UAVs provide a high-resolution observation platform to
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the mix, collecting accurate localized data. By merg-
ing these platforms, UAV data can be combined with
satellite observations, resulting in a complete and multi-
scale knowledge of numerous events. This collaboration
enhances information quality and accuracy, allowing for
better informed decision-making [5].

4) Adaptable and Dynamic Communication Networks: The
combination of UAVs with satellites increases the agility
and dynamism of communication networks. UAVs can be
placed and changed in response to changing communica-
tion requirements, network congestion, or the need for
localized improvements. This adaptability complements
the static nature of satellites, resulting in communication
networks that can be constantly tailored to meet changing
needs [2].

5) Cost-Effective Solutions: Satellites, while extremely pow-
erful, have significant infrastructure expenses for deploy-
ment and upkeep. Integrating UAVs into existing satellite
networks provides a cost-effective dimension to commu-
nication systems. UAVs may be freely deployed whenever
they are required, reducing the expenses associated with
satellite launch and maintenance. Because of the low cost
and enhanced capabilities, UAV-satellite integration is an
appealing option for a wide variety of applications [4].

As we can see, the motivation for incorporating UAVs
and satellites originates from the synergistic benefits they
provide. The expanded coverage, fast deployment, improved
data collecting, flexibility, and cost-effectiveness make this
fusion an appealing idea. This integration paradigm holds the
possibility of redefining communication network capabilities
and opens the door to novel applications.

III. APPLICATIONS OF UAV-SATELLITE SYSTEM

A. Emergency Response and Disaster Management

The combination of UAVs and satellites is critical for im-
proving emergency response and disaster management tactics.
UAVs may be quickly deployed in circumstances such as natu-
ral disasters to assess the degree of damage, identify survivors,
and broadcast important information to satellites. In turn, the
satellites aid communication with rescue teams and decision-
makers by delivering real-time data fusion for informed and
swift action. In [6], Faraci et al. proposes using edge intel-
ligence with UAVs organized as a Flying Ad-Hoc Network
to support rescue operations in emergency scenarios where
ground communication is disrupted. The method uses model-
based Reinforcement Learning to optimize UAV takeoffs based
on edge computing service demands, available power, and
forecasts, ensuring efficient edge computing without relying
too heavily on satellite channels during periods of low green-
energy generation and high service requests.

B. Communication Extension in Remote Areas

Remote and underserved areas often lack adequate commu-
nication infrastructure. The integration of UAVs and satellites
overcomes this issue by providing temporary communication
networks in such areas. UAVs serve as communication relays,

expanding satellite coverage to previously remote places. This
application is very useful in situations such as remote medical
outposts, disaster-stricken areas, and exploratory efforts. In [7],
Lee et al. explores enhancing communication efficiency in a
non-terrestrial network (NTN) by integrating low-altitude earth
orbit (LEO) satellites (SATs) and UAVs to forward packets
between distant ground terminals. They employ multi-agent
deep reinforcement learning, optimizing SAT-UAV associa-
tions and UAV trajectories to achieve significantly higher end-
to-end sum throughput compared to fixed ground relays. This
integrated strategy prioritizes energy efficiency and hybrid
free-space optical/radio-frequency connectivity, resulting in
significant throughput gains in non-terrestrial networks beyond
5G.

C. Connectivity during Humanitarian Missions

During humanitarian missions, access to reliable communi-
cation is vital. In regions where communication infrastructure
has been disrupted or is absent, UAVs can establish temporary
communication links. These UAVs broadcast information to
satellites, allowing relief agencies to communicate with one
another and coordinating activities in times of crisis. Lau et
al. construct a low-cost, long-range multi-UAV communication
system for medical cargo drone delivery in rural regions,
emphasizing simplicity, accessibility, and reliability in [8]. The
system uses cellular, SMS, and satellite communication lines
for progressive backup and has been validated in prelimi-
nary lab testing, demonstrating its viability for non-technical
personnel-operated medical drone delivery in distant areas.

D. Precision Agriculture and Crop Monitoring

Agriculture benefits from the integration of UAVs and satel-
lites through precision farming techniques. Sensor-equipped
UAVs collect extensive data on soil composition, moisture
levels, and crop health. Satellite-derived statistics on bigger
agricultural areas supplement this knowledge. The integration
improves agricultural yield prediction models while optimizing
resource allocation and minimizing environmental effect. In
[9], Xiao et al. introduces ”UAV-Net,” a groundbreaking
deep learning-based spatiotemporal fusion (STF) model that
effectively combines Modified ResNet (MResNet) and Fea-
ture Pyramid Network (FPN) modules to produce detailed
centimeter-scale UAV images from satellite reflectance im-
ages. UAV-Net demonstrates its potential for different envi-
ronmental monitoring applications through real-world dataset
trials by meeting the demand for accurate crop monitoring,
particularly when compared to pure satellite-based techniques.

E. Scientific Research Campaigns

The integration of UAVs and satellites has a major impact
for scientific research. UAVs can gather localized data with
great precision in domains such as ecology, geology, and atmo-
spheric sciences. This information may be used with satellite
observations to improve the accuracy of scientific models and
findings. Researchers can get a thorough grasp of complex
natural phenomena by gaining a comprehensive picture of
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intricate processes. In [5], Jia et al. delves into the integration
of aerial access networks and terrestrial-space systems in the
context of emerging 6G networks. It focuses on the use of
LEO satellite networks to maximize data gathering from IoT
sensors using UAVs. The research proposes algorithms to
reduce energy costs for UAVs doing data gathering activities,
demonstrating the usefulness of this technique and the benefits
of integrating LEO satellite assistance with UAV trajectory
design for efficient data transfer.

IV. KEY CHALLENGES AND FUTURE WORKS

The integration of UAVs and satellites into communication
networks poses a variety of challenges as well as opportu-
nities for future study. This section discusses the significant
challenges that have been encountered in this dynamic domain
and suggests potential future study areas.

A. Key Challenges

1) Network Coordination and Synchronization: Coordinat-
ing UAVs and satellites in a seamless network requires
overcoming synchronization challenges arising from their
distinct operational altitudes and mobility patterns. Future
research might focus on better coordination algorithms
and protocols to enable smooth collaboration and data
transfer between various systems.

2) Energy Efficiency and Autonomy: UAVs’ limited en-
durance and reliance on power sources necessitate robust
energy-efficient strategies. To improve autonomy and
sustainability, future research might concentrate on opti-
mizing UAV trajectories, incorporating renewable energy
sources, and applying better battery technology.

3) Interference Management: Coexistence with existing
communication systems, both terrestrial and celestial,
poses interference challenges. Addressing the possibility
of signal interference and creating interference mitigation
strategies will be critical for maintaining consistent and
interference-free communication.

4) Security and Privacy: As UAVs and satellites transmit
sensitive information, ensuring secure and private com-
munication becomes paramount. To protect data trans-
ported inside this integrated network, it will be necessary
to investigate encryption technologies, authentication pro-
cedures, and privacy-preserving measures.

B. Future Works Suggestion

1) Hybrid Communication Architectures: Investigate hybrid
communication architectures that intelligently combine
UAVs, satellites, HAPs, and ground-based systems to
maximize coverage, capacity, and reliability.

2) Swarm Intelligence: Investigate swarm intelligence strate-
gies to increase UAV and satellite coordination, trajectory
optimization, and overall network efficiency.

3) Edge Intelligence and AI: Integrate advanced edge intelli-
gence and artificial intelligence (AI) algorithms to enable
autonomous decision-making, adaptability, and predictive
capabilities in the integrated network.

4) Real-World Deployment and Testing: Undertake exten-
sive real-world testing and deployment to validate the
proposed strategies and assess the performance of the
integrated UAV-satellite communication system.

V. CONCLUSION

UAVs and satellites combined have the ability to drastically
revolutionize communication networks. This survey demon-
strated their ability to fill coverage gaps, improve disaster
response, monitor the environment, and bridge coverage gaps.
Coordination and synchronization, energy efficiency, security,
and signal interference management, on the other hand, de-
mand further consideration. The next step is to optimize net-
work operations, use AI-driven decision-making, and embrace
collaboration across various UAVs and satellites. Continuous
research, testing, and deployment will form a disruptive future
in which UAVs and satellites combined will reinvent the
communication norms, enabling unrivaled connectivity and
efficiency.
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