Airspace Integration Considerations for Increasingly Autonomous Flight and Operations

Parimal Kopardekar, Ph.D., 
Director, NASA Aeronautics Research Institute, and 
Senior Technical Advisor for Airspace Operations for NASA Aeronautics Research Mission Directorate

There is much interest in autonomous systems and their operations. When it comes to autonomous systems, it is critical to understand various levels of proposed autonomy, reasons for selecting autonomous capabilities, certification approaches and various challenges or research needs associated with the integration of autonomous systems in the National Airspace System (NAS). Furthermore, there are levels of autonomous systems proposed for different types of aircraft including: single pilot operations, remotely piloted operations, fully autonomous operations, and multiple aircraft managed by a single, remote pilot. This preliminary article aims to provide a broad overview rather than concentrate on a specific element of autonomous flight.  Hence, the focus of this article is on enabling various types of increasingly autonomous aircraft and their operations routinely within the next five to ten years, consistent with the FAA’s Info-Centric NAS (ICN) vision.  Under ICN, a fully integrated information environment supports collaboration across diverse traffic management services and shifts decision-making to the most appropriate actor supported by automation.  However, the roles and responsibilities of Air Traffic Services (ATS) personnel providing traditional services are likely to be very similar to today in that humans will still be responsible for majority of decision making.  There is another NASA research effort beyond ICN is underway called Sky For All which is not covered in this article as it is in the planning stages. 

Reasons for Considering Autonomous Systems

Long duration operations: There are several reasons for proposing autonomous capabilities.  For a long-range cargo aircraft, the fatigue rules require pilot change over after their shift.  While the stage length of larger aircraft has increased to about 17 hours, such long-range flights require at least two sets of crews each way.  An immediate round trip requires even additional crew.  Such requirements make scheduling of entire operation very complicated.  The question is whether we could safely use a single pilot during long oceanic cruise portion of the flight.  Such possibility may reduce the number of crew required for a long-duration long-haul trip. 

Mid-size cargo aircraft: Several start-up companies and cargo operators are experimenting with the ability to serve regional hubs and many underutilized airports through increasingly autonomous operations. The approach to autonomy typically starts with safety pilot on-board, evolving to a remotely operated vehicle, eventually moving towards the operation (or oversight) of multiple simultaneous aircraft movements by a single or few remote pilots with a ratio of the number of aircraft to the number of pilots greater than one.  The research, development and testing activities are underway to set the requirements that could be accepted by regulatory bodies across the globe to safely enable such increasing levels of autonomy. 

Advanced Air Mobility/Urban Air Mobility:  It is hypothesized that, in the long-run, advanced air mobility (in particular, urban air mobility) operations need to be affordable to the general population to be considered as a serious option for daily commute.  It is argued achieving the necessary economies of scale for such operations may require autonomous operations.  The research question is how we can scale these operations in a safe and secure manner with a productive collaboration of automation and human elements.

Small drones: With a current limit of less than 55 pounds, there is no on-board pilot which requires small drones be managed remotely, fully autonomously, and eventually, as envisioned, with more drones managed by a limited number of pilots where the ratio of drones to pilots is more than one.  Research is underway to understand the roles, responsibilities, functional and technology requirements, as well as human-system autonomy collaboration.  Small drones may operate under unmanned aircraft system traffic management by digital exchange of intent information and under a share and care environment. 

Pilot Shortage: As the air transportation continues to grow, it has been projected the number of pilots will be inadequate to meet the expected rise in demand. The question arises; “How can we safely grow the aviation industry in the face of potential pilot shortages?” Can autonomy help us alleviate this shortage?

Airspace Integration Considerations 

Pilots have been instrumental in assuring the safety of aircraft operations and air traffic controllers for airspace operations.  We have seen several examples and heard many interesting stories describing how pilots saved flights in emergency situations. To accept increasingly autonomous flight and operations, an equal or greater level of safety will be required – including in the event of off-nominal conditions.  The challenges for airspace integration include:
· Air Traffic Controller Workload: The role and responsibility of the air traffic controller is likely to remain similar to today in the future ICN environment.  Anticipated aviation growth, and the scaled autonomous operations described earlier, may be enabled without increasing air traffic controller workload through evolution of decision support tools, automation, and a fully integrated information environment supporting complementary traffic management services. However, similar to autonomous systems of aircraft; research and careful analysis is needed to ensure safe and efficient introduction of automation for airspace operations.
· Communications and Delay: Established communication standards for direct pilot-controller communication will need to be considered and possibly reviewed. The introduction of operating configurations/environments incorporating traditional flight crews, remote pilots, single pilot, or fully autonomous aircraft functions have implications for the manner of interaction (communication) across actors.  For example, the remote pilot communication loop may include satellite, while the single pilot may have to prioritize other tasks depending on flight conditions, or fully autonomous aircraft may need voice to text functions.  Will these differences matter particularly - under off-nominal conditions (e.g., large-scale weather disruptions), or emergencies or contingencies (e.g., bird strike), if so, we will need research to set performance requirements on communication systems.
· Off-nominal, emergency, and contingency operations: How would an emergency for an autonomous aircraft be managed where an air traffic controller will have to support the affected aircraft operation as well as other surrounding aircraft by clearing the way for affected aircraft?  
· Reliable Speech-to-Text: If a fully autonomous aircraft or drone is expected to operate without any supervising pilot, speech to text technology must reach high maturity suitable for the aviation environment. A reliable Automatic Speech Recognition (ASR) or Natural Language Processing (NLP) technology is necessary for accurate transcription of air traffic controller instructions. To date, reliable speech-to-text models and implementation for aviation remains an active research area.  
· Uncooperative aircraft: One of the key challenges for integrating fully autonomous or remoted piloted aircraft in the airspace system is ability to stay clear of visual flight rules following general aviation (particularly aircraft with no radio and no beacon) and military aircraft as those are not managed by air traffic control system.  A conflict detection and resolution capability to stay clear of non-cooperative aircraft is critical.  Research is needed to finalize requirements and means of compliance for such capability. 
· Mixed equipage operation:  On a bit lighter note, I used to use a picture from a suburban road from India, where I grew up.  The picture shows a bus, rickshaw, bicycle, moped, motorcycle, car, pedestrians, and a cow all on the road at the same time.  The traffic flow on the road would then operate at the speed of that cow whose intent is hard to gather.  Similarly, mixed equipage remains a challenging consideration. The airspace system could be made safer and efficient if the intent is available from all parties that operate in the airspace and vehicles with different speeds/capabilities are allotted corridors (e.g., via lanes on a highway).  Furthermore, speed profiles, climb and descent rates, turn radius of increasingly different mix of aircraft needs to be well represented in the air traffic management system to ensure predictability of conflicts, understanding of choke points, and support they may need from air traffic control.  
· Expected level of services to support increasingly autonomous aircraft and their operations: Collectively we need to understand and define the type and performance level of services required for integrated operations by various levels of increasingly autonomous aircraft, particularly at high scale, from the air traffic control system.  These possible services include, but not limited to, demand/capacity imbalance; airport, or vertiport related scheduling; spacing and merging; strategic and tactical deconfliction; emergency management; large-scale disturbance management; and collision avoidance.  Some of these services could be provided by ground automation, third- parties or air navigation service suppliers, or on-board aircraft capabilities.  Available size, weight, and power at the aircraft also limits the on-board capabilities and increases reliance on external services.  However, research will help us finalize the requirements and performance standards for on-board equipage and level of third-parties or air navigation service provider support.  Additionally, information about all participants in the airspace is key to operators of autonomous aircraft.  Currently, information about general aviation and military flights is not directly available to other operators.  Without a full picture of the airspace, the autonomous aircraft, and operator’s supporting capabilities, will not be able to safely navigate or may need additional services from air traffic management.

Unmanned Aircraft System Traffic Management: Enabling small drones (e.g., below 55 lbs. and below 400 ft): 

We started on a journey of enabling increasingly autonomous operations on a small-scale using drones using Unmanned Aircraft System Traffic Management (UTM).  UTM environment could support small drones and UAM/AAM operations without overloading air traffic control operations. UTM trials demonstrated that by using a cooperative, intent-sharing, service-oriented digital architecture with possible role for the third parties and using a management-by-exception paradigm, it is possible to scale the operations without overloading air traffic control.  However, whether this paradigm can be used in various classes of airspace in entirety and for accommodating a mix of increasingly autonomous and crewed operations is still an open question.  UTM is the first instantiation of all digital flight operations in the airspace and movement towards leveraging digital means and services continues to spread to other new entrants (e.g., commercial space operators). 

Various classes of airspace experience different mixture of air traffic today. There are two possible considerations as we continue to increase the air traffic mix and density.  Aircraft operators want as much flexibility as possible, conversely structure makes it easier to manage the traffic by human operators as it increases the predictability for air traffic management system.  One of the fundamental questions is whether we can migrate towards a “flexibility where possible and structure where necessary” type environment and make adjustments to airspace to be more dynamic.  The second consideration is “integration and interoperability where possible and segregation where it is necessary.”  Integration and interoperability refer to all types of aircraft operating harmoniously in the same airspace at the same type.  In some cases, integration and interoperability are not practical.  For example, commercial space launch and drone may not operate at the same time close to each other and segregation is needed.  The research question is how much integration and interoperability is possible with drones, UAM/AAM, and conventional crewed aircraft of various sizes where the operators will exchange information of each other’s intent.  The basic assumption here is that segregation reduces the flexibility for many operators whereas integration does not. There is a clear balance between flexibility and safety in some situations as seen in the example of commercial space launches. 

Closing Remarks

There are many reasons to enable increasing autonomous flight and operations of various sizes. The goal of this article is not to promote a view that autonomous flight and operations are ready to take-off today.  Instead, it highlights a range of complex issues which require research that are involved in enabling autonomous operations.  While autonomy construct touches many technology, procedures, training, policy and other job-related considerations; research in airspace integration is specifically needed to understand how such operations could be accommodated widely and safely within the context of other operations that will co-exist.  One thing is very clear, safety of all airspace users is paramount: research, development, and testing must guarantee safety of all operations including any level of autonomous flight and its airspace operations.
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