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Abstract 

Satellite sensing, far from being a mere auxiliary tool, is rapidly becoming the indispensable spinal 
cord of modern Aeroplan guidance and radar tracking systems, promising a future of unparalleled 
precision, efficiency, and safety. The relentless demand for safer, more efficient, and globally integrated 
air traffic management necessitates a continuous evolution of Aeroplan guidance and radar tracking 
systems. This paper outlines the transformative role and study of satellite sensing, specifically global 
navigation satellite systems (GNSS) like global positioning system (GPS) and Galileo, in augmenting 
and revolutionizing these foundational aviation technologies. For Aeroplan guidance, satellite sensing 
provides unparalleled accuracy in positioning, velocity, and timing (PVT), enabling sophisticated 
performance-based navigation (PBN), enhanced flight management system (FMS) capabilities, and the 
precision required for advanced approach and landing procedures. Concurrently, its integration with 
radar tracking systems offers critical enhancements by providing independent, highly accurate 
positional data for aircraft, primarily through automatic dependent surveillance-broadcast (ADS-B). 
This synergy overcomes traditional radar limitations such as line-of-sight restrictions and update rates, 
significantly improving track continuity, target identification, and overall situational awareness for air 
traffic controllers. The combined effect is a more resilient, ubiquitous, and precise air traffic 
surveillance and guidance infrastructure, laying the groundwork for future advancements in autonomy 
and optimized global airspace utilization. 
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INTRODUCTION 

The vast, boundless expanse of the sky has always been humanity’s ultimate frontier, a realm of awe 

and challenge. For decades, the safety and efficiency of air travel have relied on the complex ballet of 

ground-based navigation beacons and the watchful, pulsing eye of radar. However, as the skies grew 

busier and the demand for precision soared, a new set of silent, tireless guardians emerged from beyond 

the atmosphere: satellites. These celestial sentinels are not merely observers; they are increasingly the 

conductors of an intricate orchestra, blending their sensing capabilities with traditional systems to guide 

airplanes with unprecedented accuracy and track 

them across horizons once considered blind [1–4]. 

Figure 1 shows the satellite sensing in the airplane 

and the radar navigation system. 

 
At the heart of satellite-driven Aeroplan guidance 

lies the global navigation satellite system (GNSS)—
a constellation of multiple systems like global 

positioning system (GPS), Galileo, GLONASS, and 
BeiDou. These satellites constantly broadcast 

precise timing signals, allowing an aircraft’s 
onboard receiver to triangulate its position 

anywhere on Earth with breathtaking accuracy. This 
leap from traditional ground-based navigation aids 

(such as VHF Omnidirectional Range (VOR) 

*Author for Correspondence 
Kazi Kutubuddin Sayyad Liyakat 
E-mail: drkkazi@gmail.com 
 
1Assistant Professor, Department of Electronics and 
Telecommunication Engineering, Brahmdevdada Mane 
Institute of Technology, Solapur, Maharastra, India 
2Professor, and Head Department of Electronics and 
Telecommunication Engineering, Brahmdevdada Mane 
Institute of Technology, Solapur, Maharastra, India 
 
Received Date: December 02, 2025 
Accepted Date: December 03, 2025 
Published Date: December 31, 2025 
 
Citation: Shaikh Heena T, Kazi Kutubuddin Sayyad Liyakat. 
Satellite Sensing in Aero-Plan Guidance and Radar Tracking 
System. International Journal of Satellite Remote Sensing. 
2025; 3(2): 37–45p. 



 

 

Satellite Sensing in Aero-Plan Guidance and Radar                                                                Heena T and Liyakat 

 

 

© STM Journals 2025. All Rights Reserved 38  
 

 

 
Figure 1. Satellite sensing in airplane and radar navigation. 
 
stations and Non-Directional Beacons (NDB), which have limited range and line-of-sight constraints) 
has been revolutionary. 
 
Aeroplan Guidance 

• Pinpoint precision: Pilots and autopilots now rely on GNSS for horizontal and vertical guidance, 
thereby enabling highly accurate flight paths. This translates into more direct routes, saving fuel 
and reducing flight times. 

• Precision approaches: Satellite-based augmentation systems (SBAS) such as Wide Area 
Augmentation System (WAAS) (North America) and European Geostationary Navigation 
Overlay Service (EGNOS) (Europe) further refine GNSS signals, providing the integrity and 
accuracy required for precision runway approaches, even in challenging weather conditions, 
without the need for expensive ground-based instrument landing systems (ILS) at every airport. 

• Enhanced situational awareness: The cockpit display transforms into a dynamic map, showing 
the exact position of the aircraft relative to the terrain, obstacles, and other air traffic. This 
dramatically improved the pilot’s understanding of the environment. 

• Dynamic airspace management: With every aircraft precisely knowing its position, air traffic 
controllers can manage more traffic in proximity, optimize airspace use, and reduce delays. 
Future concepts like “free flight” (where pilots choose optimal routes with real-time conflict 
resolution) are entirely dependent on this satellite-derived precision. 

 
Radar Tracking Systems 

Although satellites do not replace the fundamental principles of ground-based radar (which actively 
sends out radio waves and listens for reflections), they act as a powerful complement, extending the 
radar’s reach and enhancing its data. The key here is often space-based automatic dependent 
surveillance-broadcast (ADS-B). 

• Beyond the horizon: traditional ground radar is limited by the curvature of the Earth and the line-
of-sight. This leaves vast oceanic and remote areas (such as the Arctic or large deserts) as “radar 

gaps,” where aircraft tracking relies on infrequent position reports over radio. Space-based ADS-
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B fills these gaps. Aircraft equipped with ADS-B transponders automatically broadcast their 

position, velocity, and other data (derived from their onboard GNSS receiver). Low Earth Orbit 
(LEO) satellites are equipped with receivers that pick up these ADS-B signals and relay them to 

ground stations. 

• Global, real-time tracking: This means that air traffic controllers can track flights over the 
Atlantic, Pacific, and other previously uncovered regions in near real time, significantly 

improving the safety and efficiency of long-haul flights. The disappearance of MH370 in 2014 
highlighted the need for continuous tracking, a capability that is now largely addressed by space-

based ADS-B. 

• Data fusion and redundancy: Satellite-derived tracking data are fused with traditional ground 

radar data to create a more robust and comprehensive picture of air traffic. This provides 
redundancy, ensuring that even if one system fails, the other can maintain surveillance. 

• Enhanced weather & hazard information: While not directly “tracking,” meteorological satellites 

provide critical real-time weather data (thunderstorms, turbulence, icing conditions) to aviation 
meteorologists and directly to cockpits. This allows for dynamic rerouting and proactive 

decision-making, significantly enhancing safety and efficiency, often leveraging the same 
satellite communication networks that support tracking data. 

 
The integration of satellite sensing into Aeroplan guidance and radar tracking is not about one system 

superseding another; it is about powerful synergy. Ground radar remains crucial for primary 
surveillance, particularly around airports, and for detecting noncollaborative targets. But satellites 

provide precision, the global reach, and the critical data backbone that allows air travel to be safer, more 

efficient, and more responsive than ever before [5–7]. 
 

By guiding an airplane on an autopilot-controlled precision landing in fog to track every move across 
the vast, empty expanse of the Pacific, satellites are the unseen hand, the silent conductors ensuring that 

every flight is a well-orchestrated movement in the grand symphony of global aviation. As aerospace 
technology continues to evolve, pushing towards autonomous flight and ever higher traffic densities, 

the role of these celestial eyes will only become more fundamental, weaving an invisible, resilient web 
of guidance and surveillance across our planet [8]. 

 
ROLL OF SATELLITE SENSING IN AEROPLAN GUIDANCE  

AND RADAR TRACKING SYSTEM 

Look up. On a clear night, you might see a lone, steady light tracing a silent path among the stars—

an airliner cruising six miles above Earth. For the casual observer, its journey seems to be a simple 
affair for the engines and wings. However, far beyond the reach of sight or sound, there exists an 

intricate, silent dance of data, guided by an invisible constellation of satellites that has utterly 
transformed what it means to fly. This is the story of how satellite sensing moved from a futuristic 

concept to the bedrock of modern aviation, weaving a digital safety net across the globe [9]. 

 
For decades, aviation has relied on two classic guides, radar and inertia. Radar stations, with their 

sweeping mechanical arms, painted pictures of the sky for air traffic controllers. However, radar has a 
fundamental weakness: the curve of the Earth. Once an aircraft flew more than 200 miles offshore or 

over remote mountain ranges, it vanished from the radar screen, entering the realm of “procedural 
control.” Pilots periodically radio their position, and controllers would estimate their progress on paper 

strips, maintaining vast, mandatory bubbles of space around each plane for safety. It was effective but 
inefficient, such as navigating a crowded highway blindfolded using only time and speed calculations 

[10, 11]. 
 

The revolution began not with a roar, but with a silent, digital ping. The GPS—a constellation of at 
least 24 satellites orbiting 12,000 miles above us—provided the first key: accurate, global, and 

continuous positioning. For the first time, a plane over the Pacific Ocean knew its exact location within 
meters, and so could anyone else listening. This was the genesis of the automatic dependent 
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surveillance-broadcast (ADS-B). Think of it as a plane’s digital satellite-enabled social media feed. 

Instead of waiting for a radar beam to hit it, the aircraft broadcasts a rich data packet every second: 
“Here I am. This is my attitude. This is my speed. This is my destination.” This signal is picked up by 

ground stations and crucially by other aircraft [12–14]. 
 

However, about 70% of the world does not have ground stations. Over the oceans, poles, and deserts 

This is when satellite sensing completes the image. Satellites in LEO, equipped with special receivers, 

now act as high-flying relay towers, collecting these ADS-B signals from every corner of the globe and 

bouncing them down to air traffic control centers. The result is a seamless real-time map of global 

traffic. The ocean is no longer a black hole and has become a transparent highway. 

 

The role of satellite sensing extends beyond mere tracking. It is the conductor of a complex symphony 

of environmental data, which guides and protects every flight. Eyes in the Storm: Weather satellites 

equipped with advanced spectral and atmospheric sensors can peer into the heart of a storm cell by 

measuring water vapor, wind shear, and turbulence intensity. These data are fed directly into flight 

management systems, allowing pilots to chart smooth, fuel-efficient courses during dangerous weather, 

not through blind guesswork, but with precise, strategic avoidance. 

 

Whisper of the Wind: Satellites measure upper-atmosphere wind patterns with incredible accuracy. 

Flight computers use this data to find jet streams—rivers of fast-flowing air that can give a plane a 

powerful tailwind, slashing fuel consumption, flight time, and carbon emissions. A transatlantic flight 

might save an hour and tons of fuel simply by riding satellite-mapped aerial currents [15, 16]. 

 

Precision of a Surgeon: GPS forms the core of modern landing systems, particularly ground-based 

augmentation systems (GBAS). This allows for tightly spaced, curved “glide paths” down to the 

runway, even with near-zero visibility. It enables planes to land at airports surrounded by difficult 

terrain and dramatically increases the capacity of busy hubs by making approaches more precise and 

predictable. 

 

This is not a story of obsolescence but of symbiosis. Radars have not been replaced and have been 

enhanced. It remains an unbeaten champion for short-range, high-precision tracking, especially in the 

critical moments of takeoff and landing around busy airports. It does not require the aircraft to 

cooperate; it sees all things, cooperative or not, which is vital for security. 

 

Satellites provide a grand, strategic overview context. Radar provides a tactical, close-range picture 

of the details. Together, they form a resilient, multi-layered guidance and tracking system. If one fails, 

the other can compensate, creating a level of safety and redundancy that was previously unimaginable. 

 

The next time you board a flight, consider the invisible forces at work. As you settle into your seat, 

a network of machines in the void of space is noting your presence, calculating the most efficient path 

through the sky, watching for storms on the horizon, and ensuring that your path remains clear among 

thousands of other aircraft sharing global skyways. 

 

Satellite sensing has performed more than guide airplanes; it has shrunk the world, making it safer, 

more efficient, and more connected. It is a silent, watchful guardian of the modern age, a testament to 

humanity’s ability to look to the heavens not just for wonder, but to navigate our own world with 

unparalleled grace and precision. 

 

A FRAMEWORK OF SATELLITE SENSING IN AEROPLAN GUIDANCE AND RADAR 

TRACKING SYSTEMS 

The symphony of modern aviation is orchestrated by an invisible network of technologies, each of 

which plays a crucial role in ensuring safety, efficiency, and precision. Among these, satellite sensing 
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forms a foundational pillar, underpinning both the sophisticated guidance systems that steer aircraft 

through the skies and robust radar tracking networks that keep a vigilant eye on their positions. This 

framework, a testament to human ingenuity, allows us to traverse vast distances with unparalleled 

accuracy, transforming the aerial domain from an inherent danger to controlled, predictable movement. 

 
At its core, the framework of satellite sensing in Aeroplan guidance relies on a GNSS. This 

constellation, primarily represented by the GPS from the United States, GLONASS from Russia, 
Galileo from Europe, and BeiDou from China, is the bedrock of modern navigation. An aircraft 
equipped with GNSS receivers triangulates its position by receiving signals from multiple satellites. 
Each signal carries information about the precise location of the satellite and the time at which the signal 
is transmitted. The receiver calculates the distance to each satellite by comparing the transmission and 
reception times. With at least four satellites in view, the receiver can accurately determine its three-
dimensional position (latitude, longitude, and altitude) and precise time. 
 

These raw positional data are then integrated into sophisticated flight management systems (FMS). 
The FMS acts as the aircraft’s brain, processing GNSS data alongside other inputs, such as inertial 
navigation systems (INS), air data computers, and radio navigation aids. Satellite sensing provides a 
primary, highly accurate global reference point, whereas INS offers continuous, high-frequency 
position updates between satellite fixes, which are crucial for maintaining accuracy during periods of 
poor satellite visibility or high maneuverability. The FMS then calculates the optimal flight path by 
considering factors such as the wind, air traffic control clearances, and fuel efficiency. It translates this 
into commands for the autopilot, which translates the FMS’s plan into the precise control of surface 
movements, effectively guiding the aircraft along its predetermined trajectory. 

 
Furthermore, this framework extends beyond static positioning. Advanced guidance systems leverage 

differentially corrected GNSS (DGNSS). This technique involves a ground-based reference station that 

receives satellite signals and calculates its position. By comparing the calculated position with its known 

surveyed position, the station determines the error correction. This correction is then broadcast to a 

nearby aircraft. By applying this correction to their own GNSS measurements, aircraft can achieve 

centimeter-level accuracy, which is crucial for precision approaches to airports, particularly in 

challenging weather conditions. SBAS, such as the WAAS in North America and the EGNOS in 

Europe, exemplify this, providing integrity and correction information for GNSS signals, thereby 

enhancing the reliability of guidance. 

 

In parallel to the guidance system, satellite sensing plays a vital role in radar tracking systems. While 

traditional radar relies on ground-based installations to detect and track aircraft, satellite-based 

automatic dependent surveillance-broadcast (ADS-B) has revolutionized this landscape. ADS-B is a 

system in which an aircraft automatically broadcasts its position, velocity, and other critical flight 

information to ground receivers and other aircraft. This information is primarily derived from the GNSS 

receivers of the aircraft. Instead of passively listening to radar echoes, an aircraft actively “announces” 

its presence and state. 

 

Therefore, the framework of satellite sensing in radar tracking is not about directly sensing the aircraft 

with satellites, but rather about enabling the aircraft to broadcast its position, which is then received by 

various ground-based and even space-based receivers. These receivers, often referred to as ADS-B 

ground stations, are strategically located to provide comprehensive surveillance coverage. Increasingly, 

space-based ADS-B receivers, mounted on satellites in LEO, have extended the reach of radar tracking 

far beyond terrestrial limitations. These orbiting receivers can pick up ADS-B signals from aircraft 

flying over oceans and remote areas where ground-based radar coverage is sparse or nonexistent. 
 

This distributed surveillance network, powered by satellite-derived positional data from ADS-B, 

creates a robust and redundant tracking system. Air traffic control centers receive a continuous stream 
of accurate positional data, allowing them to monitor the airspace with unprecedented clarity and 
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manage traffic flows more efficiently. The ability to track aircraft with greater precision over a wider 

area significantly enhances safety by reducing the risk of collisions and improving response times in 
emergencies. 

 
Essentially, the framework of satellite sensing in Aeroplan guidance and radar tracking systems is a 

synergistic ecosystem. GNSS provides an accurate positional nucleus, enabling sophisticated guidance 
systems to precisely navigate aircraft. Simultaneously, the same GNSS data powers ADS-B, 
transforming aircraft into active participants in their own tracking, with ground- and space-based 
receivers forming a comprehensive surveillance network. This intricate interplay between satellite 
signals, onboard processing, and ground infrastructure allows us to navigate the skies with confidence, 
pushing the boundaries of aviation and connecting our world in ways that were once the wildest dreams 
of humanity. As satellite technology continues to advance, this framework will promise even safer, 
more efficient, and more interconnected aerial journeys in the future. 
 
DISCUSSION 

The vast expanse of our skies, once navigated by star charts and ground beacons, is increasingly a 
theatre of invisible, intricate connections orchestrated by silent sentinels orbiting hundreds of miles 
above. Satellite sensing, far from being a mere auxiliary tool, is rapidly becoming an indispensable 
spinal cord of modern Aeroplan guidance and radar tracking systems, promising for the future of 
unparalleled precision, efficiency, and safety. The expected results are nothing short of a paradigm shift, 
transforming how aircraft fly, are monitored, and interact with global air traffic management 
ecosystems. 

 
The expected result of satellite sensing at the heart of Aeroplan guidance is the unwavering delivery 

of hyperaccurate, continuous, and global positioning data. GNSS such as GPS, GLONASS, Galileo, 
and BeiDou not only provide pilots with a general location but also furnish FMS with the granular data 
required for performance-based navigation (PBN). This allows for direct, fuel-efficient routings, precise 
vertical and lateral separation, and instrument approaches to runways, even in challenging weather 
conditions, independent of ground-based radio aids. We expect a drastic reduction in track mileage, 
leading to significant fuel savings, decreased carbon emissions, and less airspace congestion. Precision 
required navigation performance (RNP) approaches, once cutting-edge, will become standard, enabling 
operations in mountainous terrain or at airports with limited ground infrastructure, thereby expanding 
global connectivity. 

 
Furthermore, satellite sensing is not merely related to the position. This underpins an aircraft’s 

dynamic understanding of its environment. With satellite-derived terrain and obstruction data, enhanced 
ground proximity warning systems (EGPWS) can provide even more anticipatory alerts, preventing 
controlled flight into terrain (CFIT) accidents. Satellite communication links facilitate real-time weather 
updates, allowing pilots to navigate around severe storms with greater confidence and less deviation. In 
the burgeoning field of unmanned aerial vehicles (UAVs) and the future of urban air mobility (UAM), 
satellite data is a digital lifeline that enables autonomous flight and complex airspace integration without 
human intervention for every decision. The expected result here is not just guidance, but also intelligent, 
self-aware guidance. 

 
In the realm of radar tracking, satellite sensing is a game-changer that transforms surveillance from 

a primarily ground-based, line-of-sight challenge into a truly global, satellite-augmented network. 
Traditional primary and secondary radar systems are inherently limited by their range, terrain masking, 
and the need for significant ground infrastructure. The expected result of the integration of satellite 
sensing, particularly through automatic dependent surveillance-broadcast (ADS-B), is ubiquitous, 
highly accurate, and continuous air traffic surveillance. 
 

An ADS-B-equipped aircraft automatically broadcasts its precise position (derived from GNSS), 
velocity, and other data via a data link. This information can be received by other aircraft (ADS-B In) 
for enhanced situational awareness and collision avoidance and by ground stations (ADS-B Out), which 
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then feed into air traffic control (ATC) systems. When ground reception is augmented or replaced by 
satellite reception (space-based ADS-B, currently deployed by companies such as Aireon), the gaps in 
radar coverage over oceans, remote regions, and polar areas vanish. 

 
The expected results for radar tracking are profound, as shown in Figure 2: 

• Enhanced safety: ATC will possess a real-time, global picture of all ADS-B equipped aircraft, 
enabling more precise spacing, earlier conflict detection, and streamlined search-and-rescue 
operations. Mid-air collisions, particularly in unmonitored airspaces, are infinitely less likely. 

• Increased airspace capacity: With more accurate and frequently updated position data, the 
separation minimum between aircraft can be safely reduced, allowing more flights to operate in 
the same airspace, alleviating congestion and bottlenecks. 

• Efficiency: Controllers can vector aircraft more precisely and efficiently, reduce holding patterns, 
and enable more direct routes, echoing the benefits of guidance. 

• Operational resilience: A multi-layered surveillance system that combines traditional radar with 
ground-based ADS-B and space-based ADS-B creates a robust and redundant network that is 
less vulnerable to localized outages or signal interference. 

 
Ultimately, the expected results of integrating satellite sensing into Aeroplan guidance and radar 

tracking systems converge into a seamless, hyper-connected, and safer global air traffic management 
system. Aircraft will not merely follow a flight path; they will navigate a dynamic 3D digital tapestry 
with unparalleled precision, constantly communicating their intent and position to both air and ground 
systems. Ground controllers will transition from reacting to radar blips to proactively managing a rich 
data stream of aircraft intent and movement. This integration promises fewer delays, lower operating 
costs, reduced environmental impacts, and an unprecedented level of real-time situational awareness 
for every stakeholder in the aviation ecosystem. 
 

 
Figure 2. Results expected. 
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While challenges remain – securing against jamming and spoofing, ensuring data integrity, and 
managing the sheer volume of information – the trajectory is clear. The skies of tomorrow will be safer, 
more efficient, and more connected thanks to the silent, ever-vigilant gaze of our celestial compass. 
 

CONCLUSION 
The integration of satellite sensing into Aeroplan guidance and radar tracking systems represents a 

paradigm shift that fundamentally reshapes the capabilities and safety parameters of modern aviation. 
What began as a supplementary technology evolved into an indispensable component, weaving a 
tapestry of precision and resilience across the global airspace. For airborne platforms, satellite data 
deliver exquisite positional and timing accuracy crucial for intricate flight path optimization, advanced 
navigational safety procedures, and the foundation upon which increasingly automated and autonomous 
flight operations are being built. It empowers aircraft to navigate with unprecedented certainty, even in 
remote or challenging environments. 

 
Simultaneously, the fusion of satellite-derived data with ground-based radar systems elevates ATC 

capabilities to new heights. By providing ubiquitous, highly accurate positional data through systems 
such as ADS-B, satellite sensing complements and extends radar surveillance, enabling superior target 
identification, robust track continuity, and significant enhancements in situational awareness, 
particularly in regions beyond the traditional radar coverage. This synergistic relationship transcends 
mere enhancement; it is a critical enabler for the projected growth in air traffic, the advent of UAM, 
and the overarching drive towards a safer, more efficient, and environmentally sustainable aviation 
ecosystem. 
 

While the benefits are profound, continued vigilance in cybersecurity, spectrum management, and 
the development of multi-constellation multi-frequency receivers will be crucial to safeguard and 
further advance these vital capabilities. The resilience of these integrated systems against jamming, 
spoofing, or system failures remains a paramount concern, driving ongoing research and development 
into sophisticated anomaly-detection and mitigation strategies. Ultimately, the invisible threads of 
satellite signals weave a robust and indispensable safety net, guiding aircraft through complex skies 
with unparalleled precision and ensuring that every radar blip carries with it a layer of confidence that 
defines the future of aerospace. 
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