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Uncrewed Aerial System Traffic
Management Beyond Visual Line of Sight
Multi Operator Technology Assessment

Simulation



 Advances in Uncrewed Aerial systems (UAS) technology has enabled 
complex operations, such as Beyond Visual Line Of Sight (BVLOS) 
operations, requiring multiple ground services.

 FAA regulation for BVLOS is currently done through waivers but require 
full review of each application.

 The Near-Term Approval Process (NTAP) can provide safety credit to 
ground services used in BVLOS waivers.

Introduction
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Presentation Notes
For waivers, it could be said that company Intellectual Property causes rework of each application. Definitely need to avoid saying variability since the FAA may take some exception to that.
Ground servics to mitigate hazards that are normally mitigated with visual line of sight, waivers of visual line of sight operations, FAA introduced NTAP, BVLOS waivers below 400ft above ground level, allowing them to be used again



 UAS Traffic Management (UTM) 
BVLOS is a NASA sub-project 
with a goal to enable routine 
operations through operational 
ground services.

 These ground services include 
UAS Service Suppliers (USSs), 
Surveillance Systems, Detect and 
Avoid systems, etc.

Background

Enable routine, safe, extensible BVLOS 
operations in low altitude Class G 
airspace through the formalization and 
operationalization of ground-based 
services.

UTM BVLOS Technical Challenge
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Presentation Notes
MOTA simulation collected relevant human factors data on representative Hardware in the Loop operations to help develop NASA Langley’s concept of operations for an upcoming NTAP submission.




 Multi Operator Technology Assessment (MOTA) Simulation had 
the following objectives:
 Integrations of MPATH (Measuring Performance for Autonomy Teaming 

with Humans), a NASA Developed GCS (Ground Control Station), with the 
NASA USS.

 Development of a representative simulation that provides a testing 
environment for UTM enabled operations.

 Collection and analysis of data on nominal and off-nominal scenarios 
focused on the remote pilot in command.
 Includes Human Factor’s data and subjective feedback for technology improvement.

Simulation Objectives

4

Presenter
Presentation Notes
collected data on these services and human factors of BVLOS operations with them for future NTAP submission



Simulation Evolution – Operations Facilities
 Remote Operations for Autonomous 

Missions (ROAM)
 3 Remote Pilots in MOTA.
 12 workstations over two rooms.
 Developed for Research Activities.

 Mission Operations & Autonomous 
Integration Center (MOSAIC)
 2 Remote Pilots in MOTA.
 6 workstations in single room.
 Developed for Operational Activities.
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While some may say that ROAM is more researchy, it really isn’t.  We just have two operations rooms at LaRC that were developed for different applications yet are very similar.






Simulation Evolutions – Onboard Autonomy

 NASA Developed Technologies:
 Integrated Configurable Algorithms for Reliable Operations of Unmanned 

Systems (ICAROUS).
 Safe2Ditch.

 Improvements to ICAROUS for MOTA
 Detection and avoidance of geofence conflicts in return to launch 

(RTL) mode.
 Improved transparency on mode for Remote Pilot in Command.

 Improvements to Safe2Ditch for MOTA
 Can land in any ICAROUS mode.
 Performs avoidance during emergency landing.
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 NASA is developing technologies for BVLOS operations and they are being leveraged and extensively tested in MOTA.  Definitely was a little confusing.



Simulation Evolutions – MPATH Display
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Presentation Notes
MPATH (Measuring Performance for Autonomy Teaming with Humans) is a NASA developed Ground Control Station (GCS) for Human Factor’s data collection and onboard autonomy interaction.
List of improvements for MOTA simulation:
Improved Onboard autonomy status messages.
Addition of widget for motor display and USS integrations.
Increased send rate to assure messages are processed by autopilot.
Improvements based on feedback from prior simulations and Flight activities prior to MOTA.

 if we are listing improvements then we may need to establish what the baseline was.  Could mention the HDV project work from 2022 to 2023.
Graphics are nice. Could ditch Slide 6.  Would be good to have an engine out motor display example.  Label the USS volumes.

MPATH is a NASA developed GCS for Human Factor’s data collection and onboard autonomy interaction.
List of improvements for MOTA simulation:
Improved Onboard autonomy status messages.
Addition of widget for motor display and USS integrations.
Increased send rate to assure messages are processed by autopilot.
Improvements based on feedback from prior simulations and Flight activities prior to MOTA.





Simulation Setup – Hardware In the Loop
 Hardware In The Loop (HITL) 

simulators include:
 Pixhawk Cube Autopilot.
 Physics model of Octo-rotor UAS.
 Flight computer for onboard 

software.
 Simulated traffic.

 Provides a representative 
telemetry stream to MPATH for 
participants in the study.
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Same make/model/firmware for autopilot for sim to flt.



Simulation Setup – Participants
 Participants selected for this experiment must have completed the simulation 

portion of the NASA Langley BVLOS training.
 Two participants in MOSAIC and three in ROAM during data collection.
 Data collected on nine participants total with multiple runs.
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Scenarios
1. Nominal, Nonoverlapping Flight Paths

 All vehicles fly their mission without issue.
 No overlapping flight paths, no spatial conflicts.

2. Nominal, Overlapping Flight Paths
 All vehicles fly their mission without issue.
 Overlapping flight paths, spatial conflicts but temporal deconflictions.

3. Off Nominal, Overlapping Flight Paths: Safe2Ditch Landing
 Vehicle requires emergency landing in flight.
 Causes deviation from preplanned path through another vehicle’s path.

4. Off Nominal, Overlapping Flight Paths: Immediate RTL
 Vehicle requires emergency RTL in flight.
 Cause deviation from original path, RTL path goes through geofence and another vehicle’s path.

5. Off Nominal, Overlapping Flight Paths: Safe2Ditch Landing and Immediate RTL
 Multiple vehicles deviate from original path in same airspace.
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All scenarios were High Density compared to Texas testing or other operations. Vehicle per square mile? ~5/square mile



Scenarios – Nominal
Non-overlapping flight paths Overlapping flight paths

Operator 1 Path Operator 2 Path Vertiports1 6 2 3
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Scenarios – Off Nominal
Non-overlapping flight paths Overlapping flight paths

Operator 1 Path Operator 2 Path Vertiports1 6 2 3

ICAROUS RTL Around Geofence
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5:03.  For off nominal.  Good to state that the overall system will be defined by the off nominal scenarios vs the sunny day ops.



Human Factors – Method of Collection
 Capture of subjective data on participants.
 Five scenarios a day over two weeks of data collection.
 Two groups of participants, one per week.

 Each participant filled out the following subject questionnaire.
 Post scenario questionnaire after scenario.
 End of day questionnaire.
 End of experiment questionnaire.

 Questions on workload, situation awareness, performance, and 
perceived risk during each presented scenario.

 Combination of Likert scale rating and open-ended questions.
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Human Factors – Workload Results
 NASA Task Load Index 

assess participant's 
subjective workload over 
six categories.

 Captured scores across all 
test days for each 
participant.

 Overall, low levels of 
workload observed with a 
high performance from the 
participants.

 Slight increase in 
workload as scenarios 
became more complex. 14

Scenario 1 – Nominal non-overlap
Scenario 2 – Nominal overlap
Scenario 3 – Off-Nominal Safe2Ditch
Scenario 4 – Off-Nominal RTL
Scenario 5 – Combined

Presenter
Presentation Notes
For scenarios, could be good to have the name vs just scenario number so people can tell which ones were which.  Best to not mention super significant.  If you did a stat test, then say the results. Just looks like the results were not significant which could be due to the low number of participants and randomization of scenarios.



Human Factors – Situation Awareness
 Likert Scale Rating (1 to 7) on awareness in the scenarios.
 Participants had good awareness of vehicles, particularly due to the USS.
 Negatives impacts to situation awareness due to lack of secondary or tertiary 

tasks and previous familiarity with the GCS display and simulation that may have 
caused a lack of focus.
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What about the off nominal scenario?  A bit clunky on the sound track



Human Factors – Perceived Risk
 Likert Scale Rating (1 to 7) on perceived risk in the scenarios.
 Overall, scenarios are perceived as low risk but could be due to the participants 

knowledge of the simulation.
 Perceived risk does seem to increase as scenarios become more complex but 

offers a large standard deviation on the mean than situation awareness.
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Human Factors – General Perceptions
 Participants noted that, while the USS information is useful 

for situation awareness, it made the GCS display feel 
cluttered.
 Suggestion to have the ability to toggle the USS information to have it 

disappear when not needed.
 Desire for better warnings when vehicles were out of their intended flight 

path.
 Requested pilot information or callsign associated with each vehicle.

 Comments on unexpected onboard autonomy responses.
 Vehicle performing detect and avoid actions towards a geofence.
 Vehicle not honoring geofence during RTL.
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GCSOs seemed to be in a supervisory state and did not need to be involved in direct control of the aircraft very often.
(Note: Maybe it would be a good idea to mention that this is a research tool and has some bugs?)
these are still research technologies and that defects still occur, which the simulation is a good place to do a shakedown of these technologies before flight



Conclusion and Follow On Work
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 Participants felt that their workload was low and situation awareness was 
high.
 Scenarios conducted in order, not randomly, so results are preliminary and exploratory.

 Simulation helped identify improvements to technologies that enables 
BVLOS operations.
 Display feedback on the GCS.
 Defects identified within the onboard autonomy.
 Better GCS integration with the USS.

 Best practices learned will help support future operations.
 Data collection during given scenarios in flight
 NTAP enabled operations

Presenter
Presentation Notes
5:07.  Why was workload low and SA high?  Was there a lot of apparent trust in the automation? What about MOTA flight?
5:08  Would be good to state the GCSOs were in a Supervisory state and didn’t have to get engaged with the inner loop or inner loop navigation.
After multiple runs and hundreds of questions.. during the presented scenarios
Best practices learned from this simulation and experience with these technologies 



Questions?
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Thank You!

For any questions or follow-ups, please contact: 

Bryan J. Petty
NASA Langley Research Center

bryan.j.petty@nasa.gov
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