PILOTS’ PERSPECTIVES ON URBAN AIR MOBILITY SAFETY CHALLENGES AND POTENTIAL SOLUTIONS
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As electric vertical takeoff and landing air taxis make their way to urban airspace operations within the United States National Airspace System, many research efforts are underway to identify and understand pertinent issues needed to support the influx of new, passenger-carrying, air vehicles over highly dense, urban communities. The primary focus of the Urban Air Mobility (UAM) Pilot/Provider of Services for UAM Information Exchange and Contingency Airspace Management Procedures study was to gather subjective data from subject matter experts concerning current-day airspace operations to identify potential gaps and improvements needed to support and sustain near-term UAM operations. These potential gaps and improvements will form the foundation for the development of initial information exchange requirements between the on-board pilot in command and other key entities. This paper focuses on the in-flight incapacitated pilot scenario from Phase I of the study, which gathered data from helicopter and general aviation fixed-wing pilots.
As the concept, and soon-to-be reality, of air taxis make their way to urban airspace operations within the United States’ National Airspace System (NAS), many research efforts are underway to identify and understand pertinent issues needed to support the influx of new, passenger-carrying, air vehicles over highly dense, urban communities.

With the onset of quickly advancing technology, and with a new generation that is looking for ways to travel quickly and efficiently, the concept of on-demand air mobility is now driving the future of flight (FAA, 2021; MITRE, 2020; NASA, 2022). In response to this quickly developing concept, and with safety being the primary concern, the National Aeronautics and Space Administration (NASA) has established an Urban Air Mobility (UAM) subproject that spans multiple NASA centers under the Air Traffic Management – eXploration Project. Many supporting research efforts will be necessary to answer difficult questions regarding airspace management, detect-and-avoid capabilities, public acceptability, and much more for the safe and efficient integration of UAM operations into the NAS (e.g., Arneson & Thiphavong, 2020; Craven et al., 2021; Price et al., 2020; Thipphavong et al., 2018).
There are several research questions that need to be addressed for successful implementation of UAM that include: 

a) What initial requirements are needed for information sharing/exchange between the on-board UAM pilot-in-command and other key UAM entities, such as the Provider of Services for UAM (PSU), the aircraft dispatcher (or flight follower), the Operator (company), the vertiport manager, and Air Traffic Control (ATC) to sustain UAM operations?

b) How may current contingency management strategies should(?) must(?) be used to handle future UAM operations during off-nominal and emergency situations? 
The purpose of the PSU is to provide a seamless cooperative data exchange between the different service suppliers and the users of the UAM airspace. The goal for these service providers and participating aircraft would be to share data to support operational planning, such as aircraft de-confliction, conformance monitoring, and emergency information dissemination, among others.
The primary focus of the UAM Pilot/PSU Information Exchange and Contingency Airspace Management Procedures (UAM PIE CAMP) study was to gather subjective data from aviation subject matter experts concerning current-day airspace operations.  The purpose of the research was to identify potential gaps and improvements needed to support and sustain near-term UAM operations. The identified potential gaps and improvements are intended to help inform the development of initial information exchange requirements between the on-board UAM pilot and other key UAM entities.  Additionally, UAM PIE CAMP collected data to support verification of assumptions concerning initial recommendations for airspace procedures during nominal and off-nominal or emergency situations. Data gathered from Phases I and II of the UAM PIE CAMP study serve as the foundation for follow-on pilot- and dispatch-focused studies that will take a deeper look into these assumptions and inform research needs for initial, near-term, UAM operations.

A number of operational scenarios were included in the UAM PIE CAMP study.  The present paper focuses on a specific in-flight incapacitated pilot scenario that was presented to twelve pilots during Phase I testing.  Pilot participants included nine helicopter pilots (three in helicopter air tours, three in medical evacuation or air ambulance operations, and three in private business air charter services) and three general aviation fixed-wing pilots. Although participants were categorized into these four categories, many pilots had experience across multiple categories that increased the diagnostic sensitivity of the data sets collected. 
Literature Review

The topic of potentially having an in-flight incapacitated pilot is one that is seldomly discussed during the initial stages of planning for the integration of new aircraft operations in the NAS.  However, there is urgent need for this important topic to be explored and researched, especially given the likelihood of a single pilot on-board flying the air taxi vehicle (particularly during early phases of UAM operations in practice). Although single-pilot operations are common among general aviation fixed-wing operations and multiple helicopter operations, the dynamic tempo and continuous, repetitive short-distance UAM flights pose many new challenges.  One significant one challenge relates to in-flight pilot incapacitation during single pilot UAM air taxi operations within densely populated urban ecosystems.

Pilot incapacitation is the term used to describe the inability of a pilot “to carry out their normal duties because of the onset, during flight, of the effects of physiological factors” (Flight Safety Foundation, n.d.). Although the majority of cases involving an incapacitated pilot are related to cardiovascular disease or gastro-intestinal problems, there are several other causes that could lead to a pilot’s inability to perform normal duties.  Examples of other causes of pilot incapacitation include hypoxia (insufficient oxygen); a bird strike; smoke or fumes that enter the cabin due to a vehicle malfunction or other issue; or a malicious or hostile act, such as an assault by an unruly passenger or high-powered lasers by persons on the ground. The safety of a flight becomes severely compromised and loss of control may occur during single pilot operations in the event the pilot becomes incapacitated.
Use-Case Scenarios Activity

The airspace surrounding the Dallas/Fort Worth (DFW) metropolitan area was chosen for this research study due to the complexity and volume of air traffic that is typically experienced in this region. The airspace surrounding the DFW International Airport is designated as a Class Bravo airspace and has two nearby operating airports, including Dallas Love Field (DAL) (Class Bravo airspace) and the Addison Airport (ADS) (Class Delta airspace).  Figure 1 provides a visual representation of the DFW airspace area. The corridor system is depicted in purple, vertiports are shown in green, and an extended corridor is depicted in magenta.

On Day 1 of data collection, each pilot participant was presented with 11 use-case scenarios with each scenario comprised of approximately 20 questions. Participants were instructed to play the role of the on-board UAM pilot flying a three-to-five passenger electric vertical takeoff and landing (eVTOL) vehicle, within the DFW metropolitan area airspace with approximately 50 other eVTOL aircraft. The objectives of the scenario narratives were to leverage current-day airspace operational procedures while identifying needed improvements and gaps to address: (a) the future needs of UAM aircraft operating in the NAS, (b) identify information exchange requirements, and (c) inform pilot roles and responsibilities.
In-flight Incapacitated Pilot Scenario
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Figure 1. A visual representation of the in-flight incapacitated pilot scenario within the DFW airspace area (Google, 2021).


The in-flight incapacitated pilot scenario, which was the sixth one shown to participants on Day 1 of data collection, represented a UAM flight with a single pilot on board who experiences physically incapacitating symptoms. Flight origin, destination, and planned route are described to the participant using the graphic depicted in Figure 1 with waypoint 1 representing the flight origin. Midway through the flight (waypoint 2 in Figure 1), the scenario revealed to participants that the eVTOL pilot has begun to feel lightheaded, experiencing dizziness, and unable to communicate properly while the flight is transitioning out of one corridor and entering into another corridor system. It was explained to the participant that, in this scenario, the aircraft is quickly losing speed and altitude. The participants are further made aware that there are currently no defined UAM contingency management or safeguards available to address this type of emergency. The pilot, however, could initiate emergency pilot procedures, if able, such as declaring an emergency (e.g., Mayday, “request assistance immediately” procedure, etc.). The aircraft is not fully automated, does not have autoland capability, and cannot be remotely controlled from the ground or by the PSU.

After the researcher read the scenario description out loud, participants were asked a range of questions including what airspace and operational requirements might be necessary to manage this type of medical emergency scenario, and, if able, with what means should the pilot share their incapacitated state and with whom.

Results and Discussion

A significant amount of data was collected from the 12 pilot participants throughout the course of this research effort. Approximately 20 questions were asked, not including follow-on questions, for each use case scenario. The results presented in this paper focus on three of those questions specific to the pilot incapacitation scenario:

1. First question pertained to asking about current-day airspace and operational procedures for situations involving an incapacitated pilot in single pilot operations, and if there are any gaps or areas of improvement that should be considered with the introduction of UAM aircraft into the NAS; 

2. Second question pertained to communications; and 
3. The third question asked about potential solutions.
Gaps and Challenges

Limited Pilot Incapacitation Procedures Exist. Current-day procedures are not well designed to address the situation of an incapacitated pilot in single-pilot operation.  Although emergency pilot incapacitation procedures do exist, such as lost comm and “request assistance immediately” (Aeronautical Information Manual 6-1-1; 6-1-2), they are not well suited to case of sudden pilot incapacitation.  There was a consensus among the participants that there is a gap and areas of improvement needed to address this difficult issue. There was also a consensus among the participants that the primary responsibility of a pilot is to aviate the aircraft and the pilot will only communicate if able. If they are able to communicate, the majority of participants said they would make an emergency call to whichever frequency they are currently dialed into, which would likely be their operator, such as their dispatch or flight follower, or the common traffic advisory frequency. They did note that ATC would be the best entity to announce this emergency to, if able, as ATC can provide separation to other aircraft in the vicinity to stay well clear from the vehicle with the incapacitated pilot and contact emergency services on the ground. Additionally, ATC could advise other traffic in the vicinity to observe and relay back to ATC what is happening, if other aircraft are within an appropriate distance and observation would not result in additional disruption to the airspace.

eVTOL Design and Performance Characteristics.  Considerations need to be taken into account in the design and performance characteristics (e.g., safety assurance and flight control system redundancies) of the aircraft. A pilot experiencing a medical emergency in-flight can have a significant difference in outcome when it comes to whether the aircraft is fixed-wing or a rotorcraft. 

Rotorcraft are known to be less stable than fixed-wing aircraft and have different performance characteristics when it comes to controls. Rotorcraft are unable to glide, even with autorotation capabilities, and require constant pedal input at hover and low forward speed to keep the tail behind the nose. Additionally, the design of the rotocraft flight deck controls can have a significant impact on how the aircraft responds if a pilot suddenly becomes incapacitated and leans over or blocks certain controls. A summary of the responses collected from participants regarding the severity of a pilot’s incapacitation in a helicopter can be summarized in the following quote by US journalist Harry Reasoner in 1973 (Flight Safety Australia, 2019) who wrote:

[A]n airplane by its nature wants to fly and, if not interfered with too strongly by unusual events or by a deliberately incompetent pilot, it will fly. A helicopter does not want to fly. It is maintained in the air by a variety of forces and controls working in opposition to each other, and if there is any disturbance in the delicate balance, the helicopter stops flying, immediately and disastrously. There is no such thing as a gliding helicopter. 
All participants agreed that a pilot medical emergency while in-flight is both a medical and aircraft emergency, especially in aircraft resembling modern-day helicopters, such as some versions of envisioned eVTOL aircraft.
eVTOL Altitude and Urban Environment Challenges.  Another challenge is the altitude and urban environment in which these operations will take place. Flying close to the ground is nothing new for rotorcraft.  Helicopters in current-day operations already fly close to the ground in areas with terrain. Although pilots fly slower when close to terrain, there can often be limited time to react a recovery maneuver, particularly in the event of a sudden in-flight pilot incapacitation. One great advantage to rotorcraft is that they have the potential to land anywhere, such as a parking lot or an open field.  However, depending on the nature of the medical emergency, the pilot may not have the ability to maneuver the aircraft to reach that destination and safely land while avoiding ground obstacles, including pedestrians.  Additionally, depending on speed and altitude during the medical emergency, the rotorcraft itself may not even be able to autorotate to a safe landing (Prouty, 1986).
Summary
There were many potential solutions discussed during the interview process, including receiving support from onboard and remote resources, such as the Garmin Autoland, onboard passengers, and the idea of having a remote operator with the ability to remotely control the aircraft. Each of these potential solutions pose their own challenges, which ranged from implementation and training to significant security concerns.

More in-depth research is needed to explore the pros and cons of these solutions and others. Important upfront considerations include how eVTOL aircraft are designed and the infrastructure for the urban environment in which these aircraft will be operating in; this is particularly critical for single pilot  incapacitation. The NASA UAM sub-project is focused on the research and development needs to help enable future UAM air taxi operations through efforts, such as UAM PIE CAMP study, to identify potential safety concerns and help identify potential gaps and improvements needed to support and sustain near-term UAM operations. These potential gaps and improvements will form the foundation for the development of initial information exchange requirements between the on-board pilot in command and other key entities in order to reduce potential increase of severity and incidences of UAM accidents in the event that the single onboard eVTOL pilot becomes incapacitated while carrying passengers above urban communities. 
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