
Fully Autonomous Aircraft: From Top of Descent to Landing 

1. Introduction 

The aviation industry has seen a rapid evolution in technological advancements, particularly in 
automation. Today, the concept of fully autonomous aircraft is closer to reality than ever before, 
driven by advancements in artificial intelligence, avionics, and communication systems. As 
autonomous systems continue to evolve, understanding the intricacies of an autonomous 
aircraft's flight phases, from the Top of Descent (TOD) to landing, becomes increasingly 
important. 

The Top of Descent to landing phase is particularly crucial, involving complex decision-making 
and high levels of automation. During this phase, the aircraft interacts with air traffic control 
(ATC) systems, follows Standard Terminal Arrival Routes (STARs), and automatically 
transitions to final approach and landing. Given that aircraft today are already capable of many 
autonomous functions, the question arises: How will fully autonomous systems handle this phase 
of flight, and what role will human oversight play? 

2. The Role of Autonomous Systems in the Descent and Landing Phases 

Autonomous aircraft systems use a combination of sensors, data processing, and real-time 
decision-making to handle the descent and landing phases. These systems rely on an array of 
onboard sensors (such as radar, GPS, barometric pressure sensors, and weather radar) to monitor 
the aircraft's position, altitude, and environmental conditions. 

Key factors driving the autonomy in these stages are: 

• Precision: Autonomous aircraft systems can calculate and execute highly accurate 
descents, approach patterns, and landings. 

• Safety and Redundancy: Autonomous systems are designed with multiple fail-safe 
mechanisms. Redundant systems ensure that even if one system fails, another can take 
over without jeopardizing the safety of the flight. 

• Decision-making: Autonomous systems continuously assess external conditions, such as 
weather changes, air traffic, and equipment health, and adjust the flight plan accordingly. 

In a fully autonomous environment, the aircraft handles everything from TOD to landing. If an 
issue arises, such as an unexpected change in weather or ATC instructions, the system 
automatically adjusts its flight path or makes safety decisions, such as a go-around if the runway 
is blocked or visibility is low. 

3. The Descent Process 

Top of Descent (TOD) 

At the Top of Descent (TOD), the aircraft transitions from cruising altitude to the final approach 
phase. The autonomous system begins by receiving its descent clearance from ATC, which is 

Real Time Consulting

19 JUN 25



automated and integrated into the flight management system (FMS). Using data on aircraft 
weight, wind, and weather, the system calculates the most efficient descent profile. 

• Autonomous Calculation: The aircraft’s systems calculate the optimal descent profile to 
ensure efficient fuel usage and safe arrival at the destination. 

• Descent Transition: The aircraft smoothly begins its descent from cruising altitude, 
adjusting speed, angle of descent, and engine power as needed. 

• Incorporating Weather Data: If weather patterns change (e.g., turbulence or high 
winds), the system automatically adjusts descent rates and flight paths to maintain safety 
and comfort. 

Descent Clearance 

As the aircraft nears the designated airspace for the approach, the aircraft's system receives the 
descent clearance automatically through its communication with ATC via data link or voice 
communication, depending on the system's configuration. ATC provides the required altitude, 
airspeed, and approach information, which the autonomous system processes, ensuring 
compliance. 

4. Approach Procedures and STARs 

STARs (Standard Terminal Arrival Routes) are crucial for ensuring a safe and organized 
approach into an airport, especially in high-density airspace. An autonomous aircraft follows the 
designated STARs but can adjust dynamically based on ATC instructions. 

• Automation of STAR Transitions: As the aircraft nears the approach phase, its system 
automatically transitions from the en-route phase to the STAR. The aircraft's navigation 
system automatically adjusts the route based on ATC clearances and airspace congestion. 

• Automatic ATC Response: When ATC provides new vectors or altitudes, the 
autonomous system automatically acknowledges and adjusts its trajectory. This can 
include receiving updated STAR instructions or changes due to air traffic shifts. 

This gives an initial overview of the topics. Would you like to continue with the next sections, or 
do you have specific parts you'd like to focus on? 

You said: 

continue 

ChatGPT said: 

5. ATC Communication During Approach 

Effective communication between the autonomous aircraft and Air Traffic Control (ATC) is 
crucial, particularly during the approach and landing phases. While a fully autonomous aircraft 
operates independently, it still needs to interact with ATC systems for situational awareness, 
clearance updates, and unexpected adjustments to the flight path. 
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Initial Approach Clearance 

As the aircraft begins its descent, the flight management system (FMS) communicates with ATC 
to obtain the initial approach clearance. The autonomous system will automatically: 

• Request Approach Clearance: The FMS sends a request to ATC for permission to 
begin the approach phase based on the aircraft’s position, altitude, and approach 
planning. 

• Autonomous Communication: The system uses voice recognition technology or data 
link systems to confirm the ATC's instructions. In a fully automated system, the 
communication might be digital, removing the need for pilot voice input. However, it 
could still involve voice communication, especially in cases of complex or dynamic 
adjustments. 

The system handles the clearance and updates the flight path to reflect the new approach phase. 

ATC Communications During Descent 

As the aircraft moves through the approach phase, it may cross into different ATC sectors. The 
aircraft’s automation system interacts with each sector's controllers, ensuring smooth transitions 
without manual intervention. The autonomous system can: 

• Sector Transitions: Upon entering a new ATC sector, the aircraft automatically requests 
clearance for descent and approach. It may receive a vector change or a new altitude 
instruction, which is automatically processed and executed. 

• Altitude and Speed Changes: The system can process ATC requests for changes in 
altitude or speed as the aircraft approaches the airport. For example, ATC may issue a 
descent clearance or adjust the aircraft’s speed to fit into the flow of arriving traffic. 

• Handling Weather Adjustments: In response to weather changes, such as turbulence or 
unexpected weather fronts, the autonomous system will adjust the flight path or descent 
rate as needed, informing ATC of any adjustments. 

During all phases of communication, the autonomous aircraft will provide digital responses to 
ATC queries. For example, when given an altitude adjustment or vector change, the aircraft’s 
system may send a confirmation in real-time. 

6. Transition to Final Approach and Runway Selection 

Once the aircraft is within a few miles of the airport, it enters the final approach phase. During 
this phase, runway selection, final approach routing, and landing configurations need to be 
managed autonomously. 

Automated Runway Selection 

Autonomous aircraft can make real-time decisions regarding the most optimal runway based on a 
variety of factors: 
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• Weather Conditions: Wind direction and visibility play an essential role in runway 
selection. The autonomous system uses real-time weather data to select the best runway 
based on the aircraft’s approach and wind conditions. 

• Traffic Management: The aircraft’s FMS will assess current traffic patterns to avoid 
conflicts with other arriving or departing flights. The system prioritizes landing on a 
runway that avoids congestion and minimizes delays. 

• ATC Communication for Runway Assignment: The autonomous system requests 
runway assignments automatically from ATC based on real-time analysis of weather, 
traffic, and other environmental conditions. ATC confirms the runway and provides the 
necessary approach instructions. 

Approach and Final Approach Setup 

Once the runway is selected, the autonomous aircraft's systems will: 

• Autonomous Final Approach Setup: The system configures the aircraft’s autopilot for 
the final approach. This includes setting the correct approach procedure (e.g., ILS, 
RNAV, or visual approach), configuring the speed, and ensuring proper aircraft 
positioning relative to the runway. 

• Integrated Systems: If using an Instrument Landing System (ILS), the system ensures 
that the aircraft is aligned correctly with the localizer and glideslope, or if it is a GPS-
based approach, ensures that the aircraft is on the correct flight path. 

• ATC Confirmation: Throughout the final approach phase, the autonomous system 
confirms ATC’s clearance for final approach, ensuring the aircraft stays on the correct 
approach route, altitude, and speed. 

7. Taxiway Selection and Approach Preparation 

After completing the landing, the aircraft’s autonomous system takes over to ensure safe and 
efficient taxiing to the gate. 

Autonomous Taxiway Selection 

• Taxi Route Optimization: Based on the aircraft’s location, flight management system, 
and current airport layout, the autonomous system determines the most efficient taxi 
route to the gate. It accounts for congestion, runway occupancy, and any other 
operational constraints. 

• Airport Database: The autonomous aircraft uses a detailed airport layout database to 
select the appropriate taxiways. The system avoids conflicts with other aircraft and 
optimizes taxi routes to minimize delays. 

• Communication with Ground Control: The autonomous aircraft communicates with 
ground control to obtain clearance for taxiing, which is automatically processed and 
executed by the system. If there is any change in the taxi route, the system adapts 
accordingly and updates ground control. 

 

Real Time Consulting

19 JUN 25



Parking and Gate Assignment 

Upon arriving at the gate, the system’s job is not over. It ensures the aircraft is parked correctly, 
avoiding obstacles and positioning it precisely for disembarkation. The aircraft’s sensors and 
positioning systems help align the aircraft within the designated gate area. 

• Gate Assignment: The aircraft communicates with the airport's ground services for gate 
assignments, ensuring that it is directed to the correct location based on real-time 
conditions, flight schedules, and gate availability. 

8. Landing and the Go-Around Procedure 

Despite autonomous control, the aircraft must still be able to decide when to initiate a go-around 
in case of an issue during the landing phase. The go-around process is a vital aspect of 
autonomous landing. 

Decision Altitude (DA) and Minimums 

As the aircraft approaches the decision altitude (DA), the autonomous system monitors key 
factors such as visibility, runway occupancy, and aircraft positioning. If any issues arise, such as: 

• Low Visibility: Fog or stormy conditions that reduce visibility might cause the system to 
abort the landing. 

• Runway Blockage: If the system detects another aircraft or obstacle on the runway, a go-
around decision will be made. 

• Approach Deviations: If the aircraft deviates from its landing approach beyond safe 
limits (e.g., due to wind or sudden ATC changes), the system will trigger the go-around 
procedure. 

Go-Around Execution 

If a go-around is necessary, the system will automatically initiate a climb-out. This involves: 

• Throttle and Flaps Adjustment: The aircraft automatically adjusts engine power and 
flaps to initiate a climb. 

• ATC Communication: The autonomous system informs ATC of the go-around via data 
link or voice communication, including its new altitude, speed, and intended course. 

The go-around procedure ensures that the aircraft climbs away from the runway safely, allowing 
ATC to manage the aircraft’s return to the approach phase or diversion to an alternate airport. 

9. Safety, Redundancy, and Fail-Safe Systems 

Safety is paramount in autonomous aircraft operations, especially during the critical phases of 
descent and landing. Redundancy is built into every part of the system to ensure that no single 
failure can jeopardize the safety of the aircraft. 
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Redundant Systems 

Autonomous aircraft systems include multiple redundant avionics, flight control systems, and 
communication pathways. These redundancies ensure that in the case of a failure, backup 
systems are available to maintain safe operation. 

Handling System Failures 

The autonomous system is designed to detect any system failures and either: 

• Autonomous Recovery: The system can initiate fail-safe procedures, such as switching 
to backup systems, rerouting, or landing at an alternate airport. 

• Go-Around Protocol: In the event of an emergency, such as system failure or 
unexpected obstacle on the runway, the go-around protocol is initiated immediately. 

10. Conclusion 

The integration of fully autonomous systems into aviation holds the potential to revolutionize 
flight operations, particularly during the descent and landing phases. With advances in artificial 
intelligence, machine learning, and aviation technology, autonomous aircraft will be able to 
handle complex operations such as STAR transitions, landing approach management, and even 
go-arounds with unparalleled precision and safety. 

However, while the technology shows immense promise, there are still challenges to overcome 
in terms of regulatory approval, public trust, and ensuring robust system security. As 
autonomous systems continue to evolve, they will complement human oversight, ensuring a 
future where aviation is safer, more efficient, and increasingly automated. 

 

Real Time Consulting

19 JUN 25


	Fully Autonomous Aircraft: From Top of Descent to Landing
	1. Introduction
	2. The Role of Autonomous Systems in the Descent and Landing Phases
	3. The Descent Process
	Top of Descent (TOD)
	Descent Clearance

	4. Approach Procedures and STARs
	You said:
	ChatGPT said:


	5. ATC Communication During Approach
	Initial Approach Clearance
	ATC Communications During Descent

	6. Transition to Final Approach and Runway Selection
	Automated Runway Selection
	Approach and Final Approach Setup

	7. Taxiway Selection and Approach Preparation
	Autonomous Taxiway Selection
	Parking and Gate Assignment

	8. Landing and the Go-Around Procedure
	Decision Altitude (DA) and Minimums
	Go-Around Execution

	9. Safety, Redundancy, and Fail-Safe Systems
	Redundant Systems
	Handling System Failures

	10. Conclusion



