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Abstract 

 

Interconnections of new systems are needed for airspace automation capabilities required in Urban 

Air Mobility (UAM). FAA Concept of Operations (CONOPS) V1.0 shows Provider of Services 

for UAM (PSU) at the center of the notional architecture; however, the functional role of the PSU 

in data exchange and the path to get there is unclear. In partnership with Wisk Aero, Avision, 

ANRA, Collins Aerospace, OneSky, SkyGrid, and AURA, the NASA National Campaign held 

discussions and tabletop exercises to test the functional allocations and work flows between an 

aircraft operator, airspace providers, Command and Control Communication Service Providers 

(C2CSP), and FAA air traffic in a real-world scenario. The exercise included preplanning and 

execution of a passenger mission with nominal, contingency, and conflict management scenarios 

for initial UAM operations. This working paper describes initial conditions for the flight tabletop 

exercise, exercise summaries, lessons learned, and recommendations for future work. 
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1 Background 

An initial set of tabletop discussions on the Minimum Viable Product (MVP) for airspace 

automation or Provider of Services for UAM (PSUs) was conducted May-June 2022 with Wisk, 

ANRA, Avision, Collins Aerospace, OneSky, and SkyGrid. The MVP for a PSU was thought of 

as the minimum level of capability and services required of a PSU for various maturity levels in 

AAM. These discussions used generalized PSU “User Stories” for discussions. The PSU User 

Stories focused on: 

• Pre-flight Planning 

• In-Flight Contingency 

• In-Flight Conflict 

• In-flight Non-Conformance 

Many excellent topics were discussed, but there was a desire for more clarity on the operational 

concept in UAS Maturity Level (UML) 2B. UML-2B was defined as “later initial” operations, not 

the next step in AAM operations, but perhaps the next evolution beyond 2023/2024 early initial 

operations. The graphic in Figure 1 was used as a starting point for defining UML-2B. Continued 

discussions were formalized into the “Flight Tabletop Exercise”.  The goal of each flight tabletop 

exercise was to provide just enough structure and initial conditions to discuss a realistic gate-to-

gate AAM flight in a simplified UML-2B environment. This working paper provides the 

objectives, initial conditions, results, and recommendations after completing five 3-hour flight 

tabletop exercises. The Command and Control Services Provider (C2CSP) aspect was also 

included in the exercises with participation from AURA and Collins Aerospace as a combined 

PSU/C2CSP. 

 

 
Figure 1 – Wisk UML-2B Construct 



 

Flight Tabletop Exercise 20 Dec 2022 page 7 of 37 

AAM Document Number: AAM-NC-113-001 

2 Objectives 

A primary objective of the flight tabletop exercises was to test the functional allocations and work 

flows between an aircraft operator, airspace providers, C2CSPs, and FAA air traffic in a real-world 

scenario based on NC/Wisk “PSU User Stories” in UML-2B. While detailed components of the 

ATM-X airspace construct have been developed and are being tested in simulation environments, 

the goal of this exercise is to stretch the airspace automation concepts into a holistic operational 

scenario. 

 

Characteristics of the exercise were determined as: 

• Flight tabletop exercise will focus on the UML-2B stage 

• Scenarios will be in the vicinity of Hollister Municipal Airport (KCVH) - Salinas Municipal 

Airport (KSNS) 

• Scenarios will include the roles of PSUs, C2CSPs, ATC, vertiports, and aircraft operators 

• Exercise will be managed with a timekeeper to ensure completion in the allotted time (2-3 

hours) 

• Specific people/roles will be assigned for PSU, C2CSP, ATC, Aircraft Operator, Operator 

Fleet Manager, and Vertiports 

• All interactions, data exchanges and gaps will be logged as data 

• Goal is for findings and recommendations to be captured in a final report and made available 

to the public domain 

 

3 Initial Conditions 

A set of initial conditions was developed to conduct the scenario based on discussion points from 

the previous tabletop discussions, Wisk CONOPS and experience on the activity team. These 

initial conditions are summarized below. 

 

Aircraft:  The aircraft capacity is 4 passengers in a lift+cruise configuration capable of instrument, 

remotely piloted operations. It has a takeoff/landing limit of 10 knots tailwind and 15 knots 

crosswind. This limit is artificially imposed for the exercise and not representative of the Wisk 

aircraft. The aircraft is assumed to be certified for RNP 0.1 approach/terminal/enroute operations. 

The aircraft’s Detect and Avoid (DAA) solution is a fused solution for tactical conflict 

management, complemented by the ground control station. The aircraft is equipped with a system 

allowing the remote PIC to use the aircraft’s VHF voice radio to receive and transmit from the 

aircraft. 

 

Mission Requirement:  The mission requirement is a passenger transport from ‘Wisk Terminal’ 

(WISK01) with 4 passengers to ‘Wisk Terminal’ (WISK02). Pax weight measured is 800lbs and 

Baggage weight measured is 80lbs. ETD is 1700Z. The notional WISK01 vertiport is collocated 

with Hollister Municipal Airport (KCVH), and the notional WISK02 vertiport is collocated with 

Salinas Municipal Airport (KSNS). These locations are shown in Figure 2. For contingencies, 

vertiport options were limited to WISK01 and WISK02. 
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Figure 2 – WISK01 and WISK02 Vertiport Locations 

 

Instrument Flight Procedures:  Since there were no existing instrument procedures suitable for this 

route, a notional solution for takeoff to landing RNP 0.1 procedures was developed. This notional 

solution is scalable and called the “RF45” due to the usage of radius-to-fix (RF) legs for all course 

changes and 45° separation between departure/approach courses. See Appendix C: RF45 

Construction for a detailed description of the rationale, construction, and features of this instrument 

procedure model. 

 

For reference, the existing instrument procedure to fly from KCVH to KSNS requires a climb to 

6,000MSL onto the SJC R-121 prior to proceeding on-course to KSNS. This is obviously 

impractical for the AAM use-case of a destination that is only 16NM away. See Figure 3. 
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Figure 3 – Current KCVH Instrument Departure Procedure 

 

FAA Services:  Few assumptions of ATC services were made in order to encourage discussion of 

gaps and requirements needed to support this mission.  A survey of current ADS-B coverage was 

completed and provided to show where FAA could provide traffic separation services today. 

Figure 4 shows the number of FAA ADS-B receivers capable of “seeing” ADS-B equipped aircraft 

as a function of MSL altitude and a direct line route from WISK01 to WISK02. 

 

 
Figure 4 – ADS-B Coverage Expectation on Direct Route 
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Weather Conditions:  Weather conditions for the exercise were presented as follows in the 

traditional METAR/TAF format, but PSUs were encouraged to suggest and/or provide data 

formats for additional or more detailed weather source data. 

 

METARs: 

WISK01 01615Z AUTO 04020G25KT 10SM CLR 19/05 A3029 

WISK02 011630Z AUTO 02009KT 10SM CLR 19/02 A3030 

 

TAFs: 

WISK01 No TAF available 

WISK02 011000Z 0718/0818 03010KT P6SM SKC 

FM071700 02010KT P6SM SKC 

FM071800 30009KT P6SM SKC 

 

In plain terms, the weather conditions were defined as follows: 

Currently at WISK01, winds are from the northeast (040 deg) at 20 knots, gusting to 25 knots. 

Visibility is 10 miles, sky is clear, temperature is 19 deg C, dewpoint is 5 deg C. 

Currently at WISK02, winds are from the northeast (020 deg) at 9 knots. Visibility is 10 miles, sky 

is clear, temperature is 19 deg C, dewpoint is 2 deg C. 

 

The 1700Z forecast for WISK02 is winds from the northeast (030 deg) at 10 knots. Visibility is 

over 6 miles. Sky is clear. 

The 1800Z forecast for WISK02 is winds from the northwest (300 deg) at 9 knots. Visibility is 

over 6 miles. Sky is clear. 

 

Role Player Interfaces:  A top level diagram of the role player interfaces was provided to facilitate 

discussion of role player functional allocation. While it is not part of an actual system diagram, it 

was adapted and simplified from the ATM-X airspace construction. See Figure 5. 
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Figure 5 – Role Player Top Level Connections 

 

 

The role players identified for each exercise are show in Table 1. 

 

Table 1 -  Exercise Role Players 

 

Role Played By 

Scheduling Interface Wisk 

Wisk Operator Scheduler/Dispatcher Wisk 

C2CSP AURA/Collins 

MVS (RPIC) Wisk 

PSU ANRA, Avision, Collins, OneSky. SkyGrid 

NASA PSU NASA ATI 

FAA/ATC/Tower NASA NC 

Passenger Handling Services Wisk 

Ground Ops Team Wisk 

Vertiport Systems NASA/Wisk 

Aircraft/Maintenance Wisk 
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The action points for the exercise are shown in Table 2.  

 

Table 2 – Exercise Actions 

 

Actions Actions (continued) 

Pax transport request Takeoff 

Decision on flight plan intent Depart KSNS airspace 

Flight plan filed from WISK01 to WISK02 

with alternates 

WISK01 winds out of limits 

Flight plan pending Reroute options calculated 

Flight plan acknowledged ATC clearance approved reroute to WISK02 

Pre-flight prep Reroute selected 

Charging complete Enroute back to WISK02 

Departure Clearance Communications Inflight conflict with aircraft detected by PSU 

Physical Repositioning Altitude change to 2,500' or 3,000' requested 

FATO All-Clear While descending, DAA commands a hard right 

turn to avoid sUA traffic detected by RemoteID 

Start Takeoff Sequence Inflight non-conformance detected by acft/PSU 

Takeoff clearance Communications Reroute options calculated 

Takeoff ATC clearance approved for reroute 

Transition Reroute selected 

Climb Start descent 

Depart KCVH airspace Arrive WISK02 airspace 

Level off (~3500' MSL) Landing clearance received 

Enroute Land WISK02 

Landing clearance received Flight plan closed 

Start descent Safety report for inflight non-conformance due 

to collision avoidance maneuver 

Arrive KSNS airspace  

Land KSNS Bonus Actions to Consider 

Flight plan closed      *C2 Link Compromised 

Physical Repositioning      *Rejected Takeoff 

Gate Arrival      *Missed Approach 

Post flight check      *Rescinded Take-off Clearance 

Decision on Flight Plan Intent (turnaround)      *Passenger/ Cabin Emergency 

Flight plan filed to WISK01 with alternates      *Aircraft Emergency 

Takeoff clearance received      *Separation Conflict 
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4 Exercise Summaries 

Each tabletop was conducted amongst Wisk, NASA, and one of the airspace partners.  In two of 

the tabletops, AURA played a role as the C2CSP as well.  The exercise was set up as a passenger 

transport scenario between two simulated vertiports (WISK 01 at KCVH and WISK 02 at KSNS), 

broken up into distinct phases to assess each player’s role and actions, with a couple of contingency 

scenarios injected at the end if there was time.  Additionally, one of the rules of engagement was 

that this tabletop would take place in UML-2B, meaning early infrastructure and very few players 

in the airspace at any given time.  As a result, some of the discussion that ensued was what is 

possible now vs what is the ideal for a later UML when more infrastructure exists (such as data vs 

voice capability).  Wisk played the roles of operator/scheduler/dispatcher, Remote Pilot in 

Command (RPIC), ground ops, passenger handling, and aircraft/maintenance team.  NASA played 

the role of one of the PSUs, specifically the NPSU (NASA PSU), as well as the moderator for the 

exercise.  The PSU was played by each of the airspace partners, with Collins playing the additional 

role of C2CSP.  The phases of the exercise were broken out as shown in Table 2. (*not all 

contingencies were exercised in each of the tabletops due to time constraints): 

4.1 ANRA 

4.1.1 Exercise Date/Duration:  20 Oct 2022/3 hours 

4.1.2 Participants: NASA, Wisk, ANRA 

4.1.3 Major Discussion Points: 

 

There were discussions on the role of the PSU in vertiport availability.  Whereas the operator 

(Wisk) planned to communicate with the vertiport prior to filing their flight plan intent to 

understand availability, ANRA believed that while just prior to take-off and while in flight 

(tactically) it made sense for the operator to coordinate with the vertiport, it should be part of the 

PSU’s responsibility ahead of time as part of the overall route availability to coordinate with the 

vertiport based on the operator’s flight intent.  Much of the differences in vision can be attributed 

to expectations at different UMLs – the operator sees having to coordinate with the vertiport 

directly in UML-2b, for example, so that THEN they can determine mission timing and intent to 

pass along to the PSU to now provide additional information back.  The operator sees the PSU 

mainly providing information about their planned route in early UMLs, such as conditions of the 

proposed routes and perhaps a recommendation of the most viable route.  This would be the 

capability that would set PSUs apart from each other – aggregating the raw data such as weather, 

obstacles, and terrain into a route recommendation. 

 

Similarly, for filing flight intent, the operator’s plan is to file through the currently available 

options but in future UMLs, the flight plan would be filed through the PSU.  Since eventually the 

PSU would aggregate all of the route information based on the known aircraft mission intent and 

all of the factors potentially affecting the route, a better term than route availability could be route 

viability, with a kind of alerting or status indicating whether a route is viable all the way through 

or if there might be issues or one might be faster (e.g., color-coded to relay viability).  Additionally, 

route viability would be communicated by the PSU if something changes, such as the vehicle is 

delayed in completing ground ops and will not take off at its expected time.  The PSU could help 
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the operator determine the viability and recommendations of departing later, flying at a different 

speed, or some other recommendation.  One unknown is what information on aircraft performance 

the operators will share with the PSUs.  At this point, Wisk has not decided if it will share such 

information such as crosswind or tailwind limits, which could limit the scope of the route viabilities 

the PSUs pass to the operators. 

 

Airspace clearances would currently have to be handled via a mix of voice and data since there is 

not a set entity that can handle relaying/accepting the information entirely digitally.  In later UMLs, 

due to resource constraints of using voice, departure clearance, for example, is envisioned to be all 

digital and no voice.  There was also discussion about who provides deconfliction while traveling 

along the route.  Currently, Wisk plans to handle that onboard and never plans to hand over safety-

of-flight deconfliction (i.e., an imminent collision), but eventually that may be a role in which the 

PSU participates to help make airspace usage and any route changes to deconflict more efficient. 

 

Eventually the PSU’s role will help to alleviate the need for every operator to talk to everyone else.  

The PSU will have visibility into all operators, their conformance, their limitations, etc. and can 

be the aggregator to relay information to other operators and/or help operators determine route 

viability and provide recommendations that fit into the entire air picture.  Additionally, if the PSU 

can detect possible conflicts long before ATC or a DAA system does and can suggest reroute 

options, that would minimize impact to the airspace, vertiport availability, as well as the operator, 

and could improve airspace efficiency overall. 

4.2 Avision 

4.2.1 Exercise Date/Duration:  4 Oct 2022/3 hours 

4.2.2 Participants: NASA, Wisk, Avision, AURA 

4.2.3 Major Discussion Points: 

Similar discussion took place with Avision as with ANRA, that the vertiport would be included in 

the route viability and therefore not treated differently from the enroute portion as far as PSU 

responsibilities.  This tabletop included AURA, so there was more discussion about establishing 

the C2 link and the recognition that knowing the availability as well as the route info (including 

vertiport availability) were equally important.  Coordination between the operator and the C2 

provider would need to happen directly (i.e., not through the PSU) prior to the day of flight to 

ensure reservation of spectrum resources is completed in advance.  In general, the C2 provider is 

providing assurance that the link will be available in time to support the filed flight plan/mission 

intent. 

 

Certain PSU functions, such as providing potential alternative routes, are envisioned in future 

UMLs, but Wisk is expecting to have to carry some redundancy in those areas in earlier UMLs 

until that functionality is for certain available by the PSUs.  For that reason, the raw data that would 

feed those alternative routes would still need to be provided by the PSU to the operator in earlier 

UMLs so the operator can execute the planning, even if it’s redundant.  At the very least, the 

operator expects the PSU to provide conflict detection and recommendations.  However, that may 

be limited depending on how much aircraft performance data the operators share with the PSUs.  

Additionally, tactical deconfliction (i.e., safety of flight and/or immediate threats) would happen 
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onboard with a DAA system vs relying on the PSU to provide safety-critical information (at least 

in early UMLs).  PSUs would also detect non-conformance to mission intent and relay that to all 

other actors, including other PSUs and other operators in the area. 

 

One challenging area that was identified as needing further discussion is how the communication 

happens at an airport with CTAF or UNICOM, especially when some of the operations, such as 

glider ops, would not have transponders and therefore the PSU has no visibility on those ops and 

cannot provide deconfliction or recommendations to the operator. 

4.3 Collins Aerospace 

4.3.1 Exercise Date/Duration:  28 Sep 2022/3 hours 

4.3.2 Participants: NASA, Wisk, Collins 

4.3.3 Major Discussion Points: 

Operating from older requirements, the Collins PSU functional allocation included filing IFR flight 

plans and conveying predeparture and take-off clearances.  This created much discussion as Wisk 

no longer desires the PSU to perform this function for the medium time frame implementation or 

UML-2b.  Collins conveyed they file 2000 flight plans a day through their ARINCDirect service 

and will include flight filing services as a PSU service level option which potentially offers a more 

seamless transition to future maturity levels.  An identified potential shortfall to de-coupling the 

PSU from flight filing is that there is no demand capacity balancing since operators would all be 

filing their flight plans without PSU involvement. 

   

Another discussion items was whether the operator was going to share performance data , 

especially all information required to calculate the eVTOL equivalence of “bingo fuel”.  As 

mentioned above, Wisk is unsure at this time, but Collins indicated that without aircraft 

performance data, route availability/viability would be limited to what C2 and surveillance 

coverage volumes and terrain or weather would dictate.  Collins would not be able to make 

alternate flight plan recommendations with high probability of acceptance on specific routes 

without aircraft performance data. 

 

In this tabletop exercise, Collins also spoke on behalf of the C2 role and envisioned that 

coordination would have to occur from the C2 player not only to the operator but also to the PSU 

to ensure viability of a planned mission intent based on C2 coverage and availability.  Additionally, 

it was noted that the C2 needed to be available at the FATO, if not sooner (though masking from 

hangars where passengers might be boarding could present challenges).   

 

There was a similar theme in this tabletop of who talks to the vertiport (operator or PSU or a 

combination) and when.  Wisk sees a need to ensure, prior to filing flight plans, that a vertiport 

can meet their requirements and at other times they will need to confirm with the vertiport details 

about passenger handling services.  Additionally, having a direct link to the vertiport to ensure the 

FATO is all clear before transitioning to it could be considered safety-of-flight, in which case Wisk 

would not be relying on the PSU.  However, a PSU might need to act as a broker for airspace or 

vertiports.  Future UAM planning will need to further vet this topic to determine if the PSU should 
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relay all of this or if there should be direct communication between the operator and the vertiport 

at certain times. 

4.4 OneSky 

4.4.1 Exercise Date/Duration:  6 Oct 2022/3 hours 

4.4.2 Participants: NASA, Wisk, OneSky, AURA 

4.4.3 Major Discussion Points: 

Many of the discussion points were similar to what has already been laid out for the previous 

partners. 

 

A further discussion on PSU involvement with flight plan filing centered around having an ability 

to at least predict that there may be multiple flight plans filed by multiple parties that could 

potentially create conflicts if they are flown at the time and state they are currently filed.  The PSU 

could have an algorithm that calculates risk potential based on what is filed.  Wisk mentioned that 

bucketing all potential conflicts (both potential and realized) with a confidence level might be the 

most useful way for PSUs to alert operators to potential conflicts even if they haven’t been realized 

yet.  This could mitigate the conflict from even happening if the operator can make changes as a 

result. 

4.5 Skygrid 

4.5.1 Exercise Date/Duration:  24 Aug 2022/3 hours 

4.5.2 Participants: NASA, Wisk, Skygrid 

4.5.3 Major Discussion Points: 

The PSU will not have direct contact with the aircraft; all comms would be between the operator 

and the PSU instead. One theme in this discussion (and many of the previous partners) was the 

eventual desire to eliminate voice and human-to-human contact.  A related area of research to this 

would be what to do about uncontrolled airports since currently voice over CTAF is how all players 

in the area maintain situational awareness. 
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5 Lessons Learned 

The following lessons learned follow from feedback received from NASA and partner participants. 

A significant amount of data is contained in Appendix B where many of these lessons learned were 

gleaned. 

 

In UML-2B, the PSU plays less of a role than we thought. Most of the airspace partners were 

prepared to handle flight plan filing and associated interactions with FAA; however, the Wisk 

CONOPS included handling all of those interactions. In addition, this exercise did not include 

Demand Capacity Balancing (DCB) or much additional traffic. 

 

So how smart does a PSU have to be?  A relatively common perception is that the PSU takes on 

the role of FAA ATC and handles complex tasks such as DCB and inflight traffic separation 

responsibility. This vision for PSU functionality is required for UML-4 and beyond; however what 

does a PSU look like in the “crawl” or “walk” phase prior to “running” with full-up services 

analogous to ATC in the NAS today? In order for a PSU to perform advanced UML-4 functions, 

they will need to perfect the art of consuming, aggregating, and correlating disparate datasets 

related to weather, surveillance, C2 services, DCB, private vertiport statuses, and perhaps many 

more. So the first logical step for a PSU might be to start perfecting the art of acquiring these 

datasets, measuring data availability, understanding the data integrity, and experimenting with how 

to package this data to be most beneficial to aircraft operators. 

 

What about System Wide Information Management (SWIM)? Many discussion occurred where 

partners expected to obtain data (e.g. traffic, weather). According to the FAA SWIM website, 

“SWIM provides the infrastructure, standards, and services needed to optimize the secure 

exchange of relevant data for NAS systems and the aviation community.” While SWIM may 

provide much of the input data needed by PSU’s, what that actually looks like to a PSU and how 

that would benefit the operator was unclear. For example the scenario involved winds that were 

just below/at/above takeoff limits. Whereas, a piloted aircraft would be getting real-time updates 

from a tower or visual reference to windsock, could SWIM data provide near real-time weather 

data to piloted aircraft for all vertiports? It seems more likely that these updates and augmented 

surveillance updates might be better provided by services utilizing 3rd party or local data from the 

vertiports themselves. Reliance on SWIM data for the AAM use-case seems unclear. 

 

Better understanding needed on FAA flight plan filing, acceptance, and ATC clearance process.  

It became apparent that experienced operational understanding of the current ATC filing, 

acceptance, and clearance process was insufficient for all players to understand the system 

interactions required to obtain FAA clearance for the mission with high fidelity mission intent. In 

fact, it appears that likely that current FAA systems are inadequate for obtaining a common 

operating picture of high fidelity mission intent for the AAM use-case. A better understanding of 

the current system is needed in order to highlight the gaps and standards needed to file high fidelity 

mission intent (e.g. 4D trajectory), get clearance for same, and also begin to address how demand 

capacity balancing will be accomplished. 
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Operator data sharing. Fleet operators should determine what type of performance data they are 

willing to share with PSUs since it will impact the level of service they can expect to receive from 

a PSU. For example, if a PSU does not know wind or performance limits (e.g. environmentally 

dependent climb performance), then the PSU cannot assist the operator with route viability and 

route options. 

 

Operations at uncontrolled airports/vertiports. Wisk chose one of the more challenging departure 

and arrival scenarios which is to conduct VTOL or vertiport operations at existing fixed-wing 

airports. The departure from WISK01, collocated with KCVH sparked a lot of discussion 

surrounding the voice communications and visual/detect-and-avoid requirements for operations at 

an uncontrolled airport. The voice communications standard worked out; however the ability to 

remain well clear of other traffic from an autonomic point of view was not 100% clear. For 

example, the Wisk FOC does not have any visual contact with the takeoff area and relies on ground 

crew to clear for traffic. 

 

Distinction between different data exchanges. At the start of the exercise, there was not a common 

understanding of the different between C2CSP and Datalink.  For the purpose of this exercises, it 

was understood that the term “datalink” would refer to traditional methods of data communication 

between and Air Operations Center (AOC) and/or ATC (e.g. CPDLC).  Whereas C2 was 

specifically reserved for the direct link required between the aircraft and the operator’s FOC where 

the RPIC resides. 
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6 Recommendations 

The following recommendations follow from lessons learned and feedback received from NASA 

participants and partners following the exercise. 

 

Systems engineering review. A review of each exercise should be accomplished through the lens 

of a requirements engineer. While this would not produce a final set of requirements in any 

sense, the derived requirements would be extremely beneficial to operators in the CONOPS and 

top level system interface planning. 

 

Near-term follow-up workshops.  NASA, Wisk, Airspace and C2CSP partners should explore 

further explore specific areas where agreement was not reached; for example, FAA plans for 

receiving high fidelity mission intent. In addition, top level discussions on the NC-2 baseline 

infrastructure would be beneficial for receiving feedback and planning future systems integration 

testing. 

 

NC infrastructure UML target. While industry certainly needs to look at near-term operations, 

the focus for NC might be better suited for “UML-3”. This exercise demonstrated that for low 

volume operations, the PSU serves a minimal role as compared to the vision of PSU providing 

actual traffic separation services. In order to test the system interfaces for the latter, it would be 

more beneficial to look beyond a scenario where the PSU basically just hands off weather and 

surveillance information to the operator to deal with on their own. 

 

Mix of operators, PSUs, and vertiports. The goal of AAM is certainly not exclusive use of certain 

airspace but specific operators with one CONOPS and one aircraft type. Therefore, future 

simulations should include as many operators, PSUs, and mixed vertiports as possible. An example 

of mixed operators could include private piloted VFR traffic, traditional commercial 121/135 

carriers, sUAS operations, and at least 2 eVTOL Part 135 carriers. An example of mixed PSUs 

would include bringing not just an airspace partner and NASA PSU together, but two or more 

airspace partners together. This could help explore the idea of PSU as a “broker” for 

vertiport/airspace management to ensure no party, such as a fleet operator, unfairly prioritizes their 

own operations over others. An example of mixed vertiports could include operations from both 

towered airports, untowered airports, commercial vertiports, and private vertiports. Such an 

approach could encourage discussion on prioritization and utilization of resources. 

 

More complex R&D simulations: Since this was only a simple route without the need for DCB 

or many other real-world constraints, there is a significant chunk of expected functionality not 

yet under R&D. Concern was expressed that with multiple variables and PSUs interacting 

simultaneously, the system may go unstable depending on latencies. This concern should be 

tested in future simulations with higher fidelity models and multiple systems as in the previous 

recommendation. 

 

FAA CONOPS 2.0.  As previously recommended in the MVP notes, it is recommended that 

FAA release an updated CONOPS for AAM/UAM. Without common terminology and a 

common operating picture, it is difficult if not impossible for potential PSUs to develop the 

interfaces and services required to support safe and efficient AAM operations. 
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System criticality:  It is recommended to plan future systems integration exercises or simulations 

to better understand the safety and/or efficiency implications of service interruptions or 

availability. Perhaps a primary example of this would be the implications of lost C2 link. An 

interesting concept presented during the exercise with Wisk was that a lost C2 link would not 

necessarily be considered safety critical since the aircraft is operating autonomously for the most 

part. But other data interruptions to study could include connectivity to PSU and the various data 

provided (e.g. interruption of weather data services at the arrival vertiport). 

 

RNP 0.1 procedure, aircraft, and operator certification. With respect to current navigation 

capabilities, the technology supports RNP 0.1; however there needs to be focus on route 

definition and leg types which can support RNP 01. One specific recommendation is to start 

prohibiting course changes without the use of RF legs. This paper presents one takeoff to landing 

procedure that meets that requirement. In addition to certified procedures, FAA should plan and 

expect OEMs to demonstrate means of compliance for tighter RNP certifications and fleet 

operators to request operational approvals for same. 
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Appendix A: Acronyms 

 

This appendix contains acronyms that are used repeatedly throughout this document. 

 

Acronym Term 

ATC Air Traffic Control 

C2 Command and Control 

C2CSP C2 Communications Service Provider 

COP Common Operating Picture 

CTAF Common Traffic Advisory Frequency 

DAA Detect and Avoid 

DCB Demand Capacity Balancing 

FOC Flight Operations Center 

FATO Final Approach and Takeoff 

MVS (Wisk) Multi Vehicle Supervisor 

NC National Campaign 

NASA National Aeronautics and Space Administration 

PSU Provider-of-Services for UAM 

RPIC Remote Pilot in Command 

SDSP Supplemental Data Service Provider 

SWIM System Wide Information Management 

UAM Urban Air Mobility 

UNICOM Universal Communications 
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Appendix B: Exercise Data 

 

An Excel spreadsheet was used to document the role player communications for each exercise. 

The spreadsheet contains a tab for each exercise (per airspace partner). Each tab contains a row 

for the action item and columns for each role player. The cells contain the actual role and/or 

discussions that occurred at each step in the exercise by role player. The spreadsheet data is part 

of this report and should be attached. If missing, please contact National Campaign sub-project 

manager. 
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Appendix C: RF45 Construction 

 

This appendix describes the motivation for RF45 procedure construction.  The requirement from 

Wisk was to have a fixed route structure between vertiports.  Since there are not any current 

departures, airways, or approaches that meet this criteria, the RF45 procedure was created to fill 

this void.  Fixed routes could obviously be constructed directly between the vertiport centers but 

few, if any, aircraft would be capable of precisely tracking them.  Due to a variety of factors, 

including air traffic, wind limits, terrain or obstacles, aircraft will not always be able to depart 

directly to the center point of the next vertiport.  The features which the RF45 procedure was 

designed to address are: 

 

• Definition of a geospatially unambiguous flight path that is repeatable by all user aircraft. 

• Provides enough departure/arrival courses to account for air traffic, weather, and 

terrain/obstacle limitations. 

• Accomplishes any course changes by RF legs.  The rational for this is that no aircraft can 

remain on-course with Track-to-Fix (TF) to TF legs as is typically done.  The aircraft will 

either lead the turn when the intermediate fix is a “flyby’ waypoint of flies over and must 

track back to course in the case of a “flyover’ waypoint. 

• Reduce RF legs to the minimum radius practical to minimize total track distance. 

• Use a minimum number of waypoints to reduce proliferation of aeronautical data. 

• Scalable to any combination of vertiport pairs without proliferating too many new waypoints 

 

To expand on the “wheel” concept proposed by Zahn, the following pattern was devised to handle 

RF legs for all course changes onto a fixed route between two vertiports and into the next vertiport. 

There are 5 categories of legs in this model: 

 

Table 3 – RF45 Leg Categories/Types 

 

Figure 

Label 
Leg Category 

ARINC424 

Leg Type 
Note 

A Departure/Approach Tracks TF  

B 
Inner RF Leg Alignment Leg 

(Radius = R1) 
RF 

Not required for straight-out 

departure or straight-in approach 

C 
“Wheel” RF Leg 

(Radius = R 
RF 

Not required for straight-out 

departure or straight-in approach 

D 
Outer RF Alignment Leg 

(Radius = R2) 
RF 

Not required for straight-out 

departure or straight-in approach 

E RF Alignment to the Fixed Route RF 
Small course change; always 

less than 22.5° 

F Fixed Route between 2 Vertiports TF  
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Figure 6 shows construction of the standard RF45 procedure where the outbound/inbound tracks 

are separated by 45°.  A sample outbound or inbound route is highlighted in red with adjacent leg 

category labels from Table 3. 

 

 
Figure 6 – RF45 Legs Categories 

 

  

A 

B 

 

C 
D 

E 

F 
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The selection of 45° separation between outbound/inbound tracks was based on: 

• Logical factors of 360° which could represent track separations 

• Final leg (A) length not less than 1NM 

• Minimum RF leg radii of .5NM; chosen to support up to 100 knot outbound/inbound 

airspeeds 

• Not too many waypoint required 

 

 

Using trigonometric functions of the angle θ show in Figure 7, we are able to define the 

departure/approach leg (A), radius of inner RF leg (B), and radius of outer RF leg (D) as a function 

of the “wheel” radius (C). 

 

 

 
 

 

Figure 7 – Trigonometric Functions of Theta 
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Figure 9 - RF45 Trigonometric Formulas for Final Distance and RF leg radii 

Where: 

S=Number degrees track separation 

R=Wheel Radius 

R1 = Inner RF leg radius 

R2 = Outer RF leg radius 

 

𝜃 = (90° −
𝑆

2
) 

 

𝑭𝒊𝒏𝒂𝒍 𝑺𝒆𝒈𝒎𝒆𝒏𝒕 = 𝐑𝟏 ∗ 𝐭𝐚𝐧 𝜽 

 

 

𝑅 = (𝑅1*exsec𝜃) + 2 ∗ 𝑅1 

R = R1 * (exsec 𝜃 + 2) 

𝑅1 =  
𝑅

𝑒𝑥𝑠𝑒𝑐𝜃 + 2
 

𝑹𝟏 =  
𝑹

𝒔𝒆𝒄𝜽 + 𝟏
 

 

𝑅2 = (𝑅2 ∗ 𝑠𝑒𝑐𝜃) − 𝑅 

𝑅2 ∗ (1 − 𝑠𝑒𝑐𝜃) =  −𝑅 

𝑹𝟐 =  
𝑹

𝒔𝒆𝒄𝜽 − 𝟏
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Parameters for a “wheel” radius of 2NM (R = 2) are shown in Table 4 – Track Separation 

Parameters when R = 2. The formula for determining the final distance, R1, and R2 is show in 

Figure 9.  The formula for the number of waypoints required for each selection of degrees serration 

is: 

 

# 𝑊𝑎𝑦𝑝𝑜𝑖𝑛𝑡𝑠 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 3 ∗
360

𝑆
+ 1 

 

Parameters for a “wheel” radius of 2NM (R = 2) are shown in Table 4. 

 

Table 4 – Track Separation Parameters when R = 2 

 

   

In/Out Track

Seperation 

(deg)

Final Distance

(NM)

R1

(NM)

R2

(NM)

# Waypoints

Reqd

10 1.833 0.160 0.191 109

15 1.754 0.231 0.300 73

20 1.678 0.296 0.420 55

25 1.605 0.356 0.552 !

30 1.535 0.411 0.698 37

35 1.466 0.462 0.860 !

40 1.400 0.510 1.040 28

45 1.336 0.554 1.240 25

50 1.274 0.594 1.464 !

55 1.214 0.632 1.716 !

60 1.155 0.667 2.000 19

65 1.097 0.699 2.322 !

70 1.041 0.729 2.690 !

75 0.986 0.757 3.112 !

80 0.933 0.783 3.599 !

85 0.880 0.806 4.165 !

90 0.828 0.828 4.828 13

! 
Not a factor of 360° 

wheel 

 
Final distance, R1/R2, 

and # wpts satisfactory 

 
Final distance, R1/R2, 

and # wpts unsat 
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Both Table 4 and Figure 10 show the only logical separations as 40°, 45°, and 60°.  Since 45° 

results in easy to visualize cardinal direction courses of 0°, 90°, 180°, and 270°, it was chosen as 

the separation for the exercise procedure. 

 

 
 

Figure 10 – Min Final Distance vs Min R1 Radius for R = 2NM 

 

 

The final procedure characteristics are R = 2NM, F = 1.34NM, R1 = .55NM, and R2 = 1.24NM, 

with25 total waypoints required for the procedure. This procedure meets initial design criteria by: 

 

• Utilizing RF legs for all course change and thereby enabling extremely low Flight Technical 

Error (FTE) to support RNP 0.1 

• Minimizing the number of waypoint for a comprehensive departure and approach proedure 

• Sufficient course options to allow for low crosswind and tailwind component 

• Consistent and fixed enroute TF leg require 2 additional waypoints for RF leg alignment 

• Supports transition to wing CONOPS for vertiport to vertiport with a minimum of 8NM 

distance between; smaller hops will require lower airspeeds and smaller RF leg structure 

• Scalable because the same procedure could be placed at any vertiport (although some tracks 

may need restrictions due to air traffic, terrain, or obstacles. 

 

The following 4 pages contain procedure plates created for the exercise and to serve as candidate 

ideas for publishing departures and approaches for AAM instrument procedures. 
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Figure 11 – WISK01 Departures 
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Figure 12 – WISK01 Approaches 

824 824 
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Figure 13 – WISK02 Departures 
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Figure 14 – WISK02 Approaches 

664 664 
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Another feature of the RF45 procedure design is that it really doesn’t need additional waypoints.  

The trigonometric formulas are already worked out so that the only data required are: 

 

• Vertiport latitude, longitude, elevation 

• Radius of the “wheel” if different than 2NM 

• Min safe altitude 

• List of any unauthorized tracks 

 

There is actually only 1 waypoint definition required for the whole set of procedures and that is 

the location of the vertiport.  It would be possible to add the RF45 or similar consistent 

procedures to FMS in such a manner that 1000s of additional waypoints are not proliferated into 

the aeronautical data system for each new set of vertiports. For example, many FMS today have 

search patterns which can program circular or search pattern routes by inputting on the center 

point and 1 or 2 additional parameters.  It should be possible to do the same with a procedure 

concept such as the RF45.  This satisfies that last design criteria which was “Scalable to any 

combination of vertiport pairs without proliferating too many new waypoints”. 

 

Finally a short format was designed to communicate mission intent during this exercise.  The 

format provided the minimal information needed to communicate 4D trajectory. See Figure 15. 

 

 
Figure 15 – Total Route Flight Plan Intent Format 

 

 

The expected flight plan intent given the mission and weather conditions should have looked 

similar to: 

 
WISK01360L  225045S225  WISK02 

130000130205150130130800130930 
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Appendix D: Exercise Safety Report 
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