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Nasa e ATM-X Vision and Goalee e e

.. |

Vision:Accelerate transformation to a digitally-integrated air
transportation system that enables access and increases mobility
for all users

Goal: Catalyze the community to provide an all-access,
safe, and efficient airspace system through innovative

solutions that remove barriers

—

. ATM X fuIIy supports Upper Class E Trafflc Management (ETM) work



« ETM Operations Modeling
» Cooperative operation concepts

and scenarios

» Conflict identification and
resolution strategies

« ETM Simulation

» Flexible engine for Fast-time

evaluation of Flight
environments (Fe3)

» High-altitude balloon dynamics
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Notional Cooperatlve separatlon management service processes

within Upper Class E Airspace
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Conflict Resolution Phases: Balloonand Fixed Wing M/

Minimum safety zone
(to fixed-wing)

Minimum safety zone
(to balloon, if climb rate = 20mpm/1.09 fps)

e.g. ~5- 30 nmi Vsep. = 2,000 ft -> ~30 min. -> ~266 — 1,000 nmi
Vsep. = 1,000 ft -> ~15 min. -> ~133 - 500 nmi
Negotiation, Strategic deconfliction, fairness...
@ ] <€
| [ g
Fixed-wing Both Fixed-wing and
maneuver Only balloon can

maneuver




Fe3 Simulation Diagram

Flight Plans Weather

(schedule, path, (wind, temperature,

vehicle type, dep/arr humidity, etc.)
vertiports, etc.)

Statistical measurements:
safety & efficiency

Key characteristics:
« High-fidelity: trajectory(6 DOF),
CNS, wind, airspace management

Vehicle functions

_ e Multi-vehicle operations, 2Hz
(dynamics, control, Monte Carlo + Uncertainty study with statistical
power consumption, Simulations measurements

etc.) « Monte Carlo — capability of

running thousands of simulations
parallelly
* Real-time factor: ~1,000X to

Communication, ~100,000X

Navigation,

Surveillance Conflict

Management Departure/arrival

(rules, protocols, scheduling
policies, standards)

*Fe3 - Flexible engine for Fast-time evaluation of Flight environments



Modeling of High-Altitude Balloons 1

Balloon Model with Wind

Challenge: Balloon dynamics are _ WindField - d 14C
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« Initial 3D model of Balloon developed Simulation: Altitude Step Response with Wind
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ETM*Modeling and Simulation iIn/ATM-X Phase 2 /

NASA provides the assessment
results and research output
such as services architecture
and requirements to the
community and the FAA for
ETM ConOps Maturation

Concept of As of December

Operations

2020, we are here

NASA and the FAA outreach
the ETM community for
feedback to the ETM ConOps
and to learn needs,
constraints, cooperative
strategy (e.g., negotiation),
rules of the road, vehicle
performance, etc.

NASA models performances and services with the
community input (e.g., negotiation process), builds
scenarios informed by the FAA and the community
to reflect the needs and constraints, and conduct
simulations to assess the efficacy of the services

Upper Class E Traffic Management (ETM)
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NASA Iftroducing ETM Services Supplier (ESS) ‘h‘/-f&%“

« Sharing of operational intent should enable safe, fair, and efficient use of Upper Class E
airspace
» Operational intent (plan) conflict identification
* Resolution of the conflict
« ETM Service Supplier, ESS, can facilitate the conflict identification and resolution among
participating operators 2 .
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ETM participants to submit operational
intent to ESS
« Operational intent should be
standardized
« Single or multiple ESSs could serve
the NAS; the latter requires inter-
ESS discovery, communications, and
synchronization
With the operational intents, ESS in
position to identify 4D intersection of
operational intent and inform the
operators
» It is possible that 4D intersectionto
not to be identified as a conflict
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T-1 \ T+ Intersection
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position Tt T




Three scenarios developed to
facilitate discussion and gather the
industry input
« ESS policy on identifying 4D
intersection as a conflict
* Operator response to the
identified conflict
* Agreements
* Negotiations
* Rules of the road
NASA also engaging with the ETM
community members in 1:1 setting
« Mission needs and constraints
* Vehicle performance
* Timeline




Modeling and Simulation Developmeént o

(Modeling/data collection:\
* Vehicle Model

e Communication, #
navigation, and
surveillance

\- wind J

Negotiation/coordination models
Simulations: * Intent sharing: format, rate, accuracy

* Methods (content/format):
performan ce- * Rules of road or agreements

based minimum *  Manuel/Automated (option
. sets)
separation . Auction
«  Communication
* Response time
* Latency

\ Accuracy /

Analytical
studies

Multiple Aerial
Vehicle Scenarios
Simulations




ResearchrQuestions to be addressed by sir‘nulations/

[Plot from previous tag-up meeting Aug. 27th, 2020]
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NASA Research-Questions to be addressed by simulations (cont’d)

For both pre-departure and in-flight, identify negotiation/coordination
model(s) that are safe, efficient, fair, secure, and scalable:

« Intent sharing: content, format, rate, accuracy, and responsibility
* Methods:

* Rules of road or predefined agreements

« Manual/Automated (option sets)

* Auction

« Communication: response time, latency, and accuracy

» Metrics: efficiency and fairness



Performance-based
minimum separation

Analytical studies
for defining minimum
separation

In-flight cooperative

operations

Cooperative
operations
planning

Interactions with

class A traffic in
potential Flexible
Floor environment




