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I. Nomenclature

𝐴𝑃 = Autonomous Pilot
𝐷𝐴𝑅𝑃𝐴 = Defense Advanced Research Projects Agency
𝐸𝑀𝑇 = Emergency Medical Technician
𝐻𝐴𝐼 = Human-AI Interface
𝐻𝐸𝑀𝑆 = Helicopter Emergency Medical Operations
𝐼𝑆𝑅 = Intelligence, Surveillance, and Reconnaissance
𝑀𝐸𝐷𝐸𝑉𝐴𝐶 = Medical Evacuation
𝑀𝑆𝐹𝑆 = Microsoft Flight Simulator
𝑂𝑁𝑅 = Office of Naval Research

II. Introduction

Autonomous technologies are primed to revolutionize the aerospace industry domain by influencing the way aerial
vehicles operate. Additionally, the relative scarcity of human pilots and the administrative challenges of securing a

prompt service in an emergency further support the development for autonomous aircraft for certain missions. While it
appears that fully automated helicopters will ultimately be used for a range of missions in the next few decades, often
many missions require both a pilot and specialist crew members in the back, e.g. medical evacuations (MEDEVAC).
Developing autonomously piloted rotorcraft may still require require human involvement through the provision of
essential healthcare caregivers. This shift to autonomous systems makes it imperative to evaluate how effectively the AI
pilot and such specialized human rear-crew members can collaborate.
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This research analyzes a future medical transportation scenario in which medical personnel with little to no aviation
background operate aboard autonomously flown helicopters, emphasizing on two key goals:

• Finding the critical elements influencing mission effectiveness and human-AI interaction under off-nominal
circumstances.

• Evaluating the efficiency of the interface in facilitating human-AI interaction.
The cognitive and interacting aspects of human-machine teaming in HEMS operations are examined in this study

using a high-fidelity simulation approach which incorporated eye-tracking technologies and realistic medical scenarios.
We analyze this problem using three crucial perspectives that are in line with the recent developments in human-machine
collaboration:

Human Factors: Examining medical professionals’ cognitive load, situational awareness, and decision-making
styles in situations involving multiple tasks and off-nominal circumstances
Interface Design: Assessing how well a specifically developed human-AI interface facilitates interaction between
the two agents
Team Fluency: Examining how human cognitive processes, their ability to perform tasks and overall mission
success are interdependent in off-nominal circumstances
For autonomous aerospace applications where human expertise and autonomous systems capabilities must be

efficiently merged, the findings of this investigation could carry significant implications for the design of human-machine
interfaces, training guidelines, and operating practices.

III. Background & Literature Review
Autonomous flight has been an end goal of many commercial and military transport organizations for decades.

Indeed, the history of aviation has shown that reductions in personnel are possible, but with significant engineering
and development effort. On early transport airplanes, a flight crew of five members was the norm: two pilots, a
flight engineer, a navigator, and a radio operator. Advanced avionics and automation technologies have significantly
transformed cockpit operations, resulting in a gradual reduction of the crew members on-board [1]. In present days,
transport airplanes equipped with high technology systems can be operated with a flight crew with two members: captain
and co-pilot, known as Dual-Pilot Operations (DPO) comprising a Pilot Flying (PF) and a Pilot Monitoring (PM). Since
the aeronautical industry is continuously looking for more efficient aircraft, researchers have investigated and discussed
the feasibility of implementing Single-Pilot Operations (SPO) in traditional two-pilot contexts, such as FAR (Federal
Aviation Regulations) Part 121 operations due to its potential for cost savings [2–5].

With the advance of autonomous vehicles and AI-based intelligent systems, researchers have investigated the
operation of fully autonomous aircraft and reduced pilot operations and to understand how the new technology may
affect the behavior of the passengers. For instance, in [6], the authors discuss the use of Pilotless Aircraft (PA) and
present the results of an investigation into attitudes towards and willingness to fly in PA among a sample of 711 UK
people known to fly at least occasionally. The authors concluded that risk, excitement, and innovation are the three
primary components that significantly influence willingness to fly in a PA.

Finally, the recent AACUS project by the Office of Naval Research (ONR) has demonstrated that autonomous
flight of rotorcraft is possible and even likely in the few decades under specialized circumstances. AACUS – the
Autonomous Aerial Cargo Utility System – a modular system consisting of sensors and software, represents a significant
advancement in autonomous flight capability for rotary-wing aircraft. Utilizing this versatile package kit, rotorcraft
platforms of distinct categories could be equipped to carry out complicated tasks autonomously, such as flight planning,
obstacle avoidance, and unplanned landing site selection, even within adverse terrain [7]. Further, the Defense Advanced
Research Projects Agency (DARPA) has partnered with Sikorsky to develop an autonomy kit that can be placed on any
rotary-wing platform and provide it with an autonomous capability. Using this autonomy kit, Sikorsky and DARPA
demonstrated in 2024 how an optionally piloted Black Hawk helicopter can be flown and controlled by an operator in the
cabin or on the ground just by entering high level mission goals [8]. In previous work [9], we presented the results of an
empirical human-AI collaboration study between non-pilot human crewmates and an Autonomous Pilot to accomplish
an Intelligence, Surveillance, and Reconnaissance (ISR) mission. The results indicate that it is possible to reduce crew
requirements on missions like ISR which currently require both a crew of pilots and a crew of mission specialists.
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IV. Methodology

A. Experimental Apparatus
To accurately assess participant performance and situation awareness in simulated air medical transport scenarios,

create a realistic simulation environment was created. This included the careful construction of a high-fidelity cabin
simulator that closely resembled a rotorcraft’s aft section. To enhance the ecological relevance, various crucial
components necessary for a medical evacuation operation were included in the experimental setting. Multiple screens
showing significant mission-critical data, such as patient vital signs, communication and navigation interface, backup
helicopter gauges, along with a window-view simulation, were made available to participants. Additionally, to replicate
the specific tools accessible to medical personnel in real-world in-flight situations, the cabin was equipped with
components such as a surgical kit, vital medical equipment including IV systems, and a life-like baby doll representing a
pediatric patient.

Fig. 1 Cabin resembling the rear compartment of the aircraft

B. Simulation and Control Technologies
The study made use of the Microsoft Flight Simulator (MSFS) for high-resolution, out-the-window visuals and

auditory replication to boost realistic portrayal and immersive experience. As creating and deploying an actual fully
automated pilot was beyond the scope of the study, a Matlab-Simulink based simulator was employed to simulate the
fundamental helicopter dynamics and control techniques. The use of a derivative nominal controller allows the vehicle
to reach the desired destination, at a nominal speed. The helicopter behaved nominally unless explicitly instructed
by the experimental protocol to malfunction. Safety and operational restrictions were ensured by integrating Control
Barrier Functions (CBF) [10]. This method stopped the rotorcraft from flying over the destination helipad Without
explicit human consent. The CBF applied a dynamic slowdown and possible stop mechanism until the medic completed
a crucial landing checklist that confirmed the availability of helipad, protection of the patient and participants’ personal
safety

C. Human-AI (HAI) Interface Design
A Human-AI (HAI) interface was specifically designed to enable smooth interaction between the AI pilot and the

medic, offering interactive features and contextual awareness. One essential element was the map, which provided
participants with real-time information into the position of the rotorcraft, helipads in the vicinity that were clearly
marked to distinguish between commercial and the ones with medical facilities and the estimated time of arrival.

In addition to providing navigational information, the interface enabled participants to interact directly with the
simulated autonomous pilot (AP). Medical professionals could make a mid-flight destination change request or ask the
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