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Purpose

• Introduce a tool for flight replanning decision-making research in 
UAM terminal area operations

• Report on the evaluation of version 1 of our trial planner



Overview

1. What is trial planning and why
2. Design strategy
3. UI and trial planning workflow
4. Evaluation
5. Results
6. Future work



What is trial planning?
Identify and evaluate new routes.

Trial planner: automated tool that computes and provides new route options

Purpose: Support decision-making research

Intended users:

• ATC

• Airline Dispatchers

• Flight crew
• Fleet manager (Urban Air Mobility)

Why?

1. Resolve traffic conflicts
2. Avoid hazardous weather

3. Divert to alternate landing location (may also involve 1 and 2)

4. Recover from missed approach 



3. Entry point
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Vertiport B
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Design strategy:

1. Automatic triggering, e.g., 
vertiport closure

2. Model airspace structures 
to support replanning

3. Determine entry points 
along predefined routes

4. Compute route from nose 
of aircraft to alternate 
vertiport via entry points

1. Vertiport 
closure

A B C

Trial Planner Version 2022



Vertiport A

Vertiport B

A B C

Route Ground
Risk

Terrain Weather

A 40 5 60
B 60 5 40
C 50 5 50

Shortest Short
Longest

Our goals with trial planning:
• Support decision-making research
• Demonstrate for UAM applications, e.g., use of vertiports 

and airspace structures for route creation

*visualization is notional

Trial Planner Version 2



Fleet Manager Workstation

M
ap

Operations table



1. Create and submit an operation



2. Load flight plan and take off

Ownship: Chocolate1 at 0 minutes



3. GCSO and FMI monitor the airspace

Ownship: Chocolate1 at 4 minutes

Vertiport B

Vertiport A



4. Vertiport Closure

Ownship: Chocolate1 at 5 minutes

Vertiport closure
Vertiport B

Vertiport A



5. Trial Planner is activated, and route options were presented



Route options
*not actually displayed on map 

Option 1Option 2
Option 3

Vertiport B

Vertiport A



Route Ground
Risk

Terrain Weather

A 40 5 60
B 60 5 40
C 50 5 50

*Factor values were notional



Route Decision Factors: Distance, Ground Risk (Casualty), Terrain, Weather



7. Trial Planner is activated, and a new reroute is selected

Route selection button



8. Flight crew reviewed and executed new route

Vertiport B

Vertiport A



Evaluation
Purpose: Evaluate the quality of the interaction 
with the trial planner

Goals:

• Collect human factors data on workload, 
situation awareness, and trust in 
automation

• Improve the FMI software through 
usability data collected

Participants:

• 3 air traffic control SMEs at NASA Ames

• 6 pilots at NASA Langley



Testing Schedule

• 1 hour training session with the fleet manager workstation
• 3 FM participants ran 3, 30 minute runs every day for 4 days, for a total 

of 12 runs
• 20 minutes for the scenario, 10 minutes for the questionnaire
• Run example:

1. Pilot performs preflight checklist
2. FM confirms FMI connectivity
3. Pilot commands takeoff
4. Pilot and fleet manager monitored the airspace
5. Scenario Types:

A. Scenario 1: Nominal automated landing occurred at scheduled vertiport
B. Scenario 2: Original vertiport closes, and diverted route created through use of the trial 

planner and automated landing at an unscheduled alternate vertiport



Metrics

1. The trial-planner solutions were acceptable.
2. The trial-planner solutions were understandable.
3. The trial-planner solutions were trustworthy.
4. The trial-planner displayed too much information.
5. The trial-planner did not display enough information.



Results: Average Ratings Evaluation Scales
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Acceptable Understandable Trustworthy Too much info Not enough info
Strongly disagree

Strongly agree



Limitations

• Route selection was mandated
• Not enough time to select and execute routes
• Selected routes were not displayed visually
• Route selection factors were not visually displayed
• Quality of decision-making was not evaluated



Future Work: Trial Planner Version 2023

• Engage trial planner over a map display
• Highlight route selections over the map
• Show relevant decision factors over the map
• Employ decision making metrics in evaluation
• Explore different scenarios
• Longer operations over SF/Bay Area and Norfolk, VA *to add variation to the 

decision factors
• Missed approach routes



Backup



Methods (Continued)

• Video and audio recordings
• 9 unique subjective questionnaires across 12 

runs
• NASA-TLX [7]
• Situation Awareness Rating Technique (SART) 

[10]
• Perceived Risk [12]
• Human-Automation Trust [8]
• Trial Planner UX Survey
• Post-Scenario review

END OF DAY
• Human-Automation Trust [8] (again)
• Post Study System Usability Questionnaire [9]
• Safety and Risk Perceptions of Automation [3]
• FMI Usability Questionnaire



Airport A



Airport A



Airport A

Shortest

Longer, safer


