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AlA Presentation: Discussion
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AlA Presentation: Discussion

e More clarity is desired on Industry’s thoughts regarding what constitutes a conflict
and your definition of a “rolling time horizon.”

e |sthere a plan from Industry with respect to defining “proximity thresholds,”
“confidence levels,” “fallback rules,” and “negotiation protocols”? Will AIA hold a
series of dedicated working sessions to establish an Industry-informed position on
these topics? There is also interest in understanding any current thoughts on the
relevant parameters of each topic area.

e \Would be good to hear thoughts on what “fairness” means from an Industry point
of view in the context of resolutions/negotiations and to learn more about what a
market-driven approach looks like.
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AlA Presentation: Discussion

e More clarity is desired on Industry’s thoughts regarding what constitutes a conflict
and your definition of a “rolling time horizon.”

AlA Response:

* We believe this should be further studied through operational analysis and
simulation and then evaluating the results. Although this would be a much larger
volume to consider, safety analysis and research has been done to define a detect
and avoid (DAA) volume. That work is the basis for standards creation within RTCA.
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AlA Presentation: Discussion

e |sthere a plan from Industry with respect to defining “proximity thresholds,”
“confidence levels,” “fallback rules,” and “negotiation protocols”? Will AIA hold a
series of dedicated working sessions to establish an Industry-informed position on
these topics? There is also interest in understanding any current thoughts on the
relevant parameters of each topic area.

AlA Response:
* AlAis currently defining the 2022 work plan for Higher Airspace. Information and
feedback from our Feb 25 meeting will help inform the work plan.
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AlA Presentation: Discussion

e Would be good to hear thoughts on what “fairness” means from an Industry point
of view in the context of resolutions/negotiations and to learn more about what a
market-driven approach looks like.

AlA Response:

 An element for consideration in defining the concept of fairness for higher airspace
operations should consider operations that have and don’t have flexibility once
airborne. Operation location/time, planned flight envelope, and aircraft operating
characteristics are a few other elements that would need to be considered.



Upcoming Publications



Pre-decisional

Cooperative Separation In
Upper Class E Airspace

Baseline Functional Requirements for Enabling Cooperative
Separation Management

Hyo-Sang Yoo, Jinhua Li, Ray Torres, Richard Jacoby,
Christopher O’hara, and Jeffrey Homola



~ The need for Upper Class E Traffic Management (ETM) ?
New.t-yp-e"s.'o-f operations in . ~ “inthe .Un'it'ed States, there are no airspace

- upper Class E airspace . - management provisions specific to civil
ot _ o - -. aircraft operations above FL600"”

upper / @Q
Class E | L (‘\/
airspace -

e ConOps! states the opportunity of the alternative traffic management concept, which must:

“Scale beyond the current NAS infrastructure and manpower resources to meet the needs of market forces”
“Support the management of operations where no-air navigation service provider (ANSP) separation services
are desired, appropriate, and/or available”

“Promote shared situation awareness among Operators”

1. FAA. (2020). Upper Class E Traffic Management (ETM) Concept of Operations v1.0
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Agile Development Approach

1. Gather
concerns
and interest

4. Prototype
and evaluate

3. Design 2. Concept
solutions development

The above process from 1 to 4 will be iterative to continuously refine the concept

Goal : To improve current and new entrants vehicles to operate safely
within the upper Class E airspace
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o The cruise phase (near and above FL600) of the HALE fixed—w'm UAVs, balloons, and airship in the Upper Class E airspace.

~

o The climb and descent phases will be addressed as a separate research activity that will look at the Air Traffic Control (ATC)
and ETM interactions.

» The regulatory framework and requirements of ETM and ATC interactions are well described in the ETM ConOps v1.0! with various use
case scenarios, including management of contingency events

1. FAA. (2020). Upper Class E Traffic Management (ETM) Concept of Operations v1.0



Terms and Descriptions
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Ol of & vehicle with:high maneuvérability

Operational Intent (Ol): Ol is “a type of information that is exchanged between operators that can be used to identify conflicts. It is four-
dimensional (4D) (time and space) information that indicates, with a known level of confidence, where an aircraft will be at some given point in
the future!”
* Ol bounds the intended flight operating volume. Operating volumes are 4D blocks of airspace with entry and exit times for the ETM vehicle.
* Ol could be shared in a series of 4D volume segments, which represents full flight intent prediction over the next n-hour. The volume segments could overlay
each other due to uncertainties.
+ Ol may be updated at a regular update rate using a “rolling-window” approach.”

Containment Confidence Level (CCL) (= “the known level of confidence'): Indicates the level of confidence regarding adherence of the
vehicle to stay safely within the 4D Ol volume.

Conflict: Situation where two or more Ol volumes intersect in space and time

Cooperative Operating Practices (COPSs): Set of pre-agreed operating rules and procedures to maintain separation while promoting safety

cooperatively
1. FAA. (2020). Upper Class E Traffic Management (ETM) Concept of Operations v1.0 15



Overview of Cooperative Separation Management (CSM)

“Cooperative separation is achieved via shared intent, shared awareness, de-confliction of operations, conformance monitoring, technologies
supporting de-confliction, and the establishment of procedural rules of the road (e.g., right-of-way rules)!"

» COP1
'Operational Intent Ye > COP2 Perform Pre-agreed resolutio: Comm.u e
Operation
No
COP3

Pre-decisional

Negotiation
Successiul?

Yes; perform agreed resolution

MNo; maneuver to maintain separation

CSM will be organized, coordinated, and managed by a federated group of ETM operators through a set of agreed upon Cooperative Operating
Practice (COP):
o COP1 serves as the baseline (default) de-confliction method based on a First-Reserved-First-Served (FRFS) principle
o COP2 indicates a pre-agreed method between ETM operators.
e arrangements or negotiations are to be made in advance of operations
o COP3 allows the ETM operators to communicate directly and make real-time decisions in an ad-hoc manner
* May be available in the absence of pre-established bilateral agreements between ETM operators
* Must be available to address any unforeseen circumstances adaptively (e.g., a solar-powered HALE vehicle is not capable of moving due to low battery)
*  The “right-of-way rules” specified in 14 CFR § 91.113 could be used as the default initially, when the outcome is not reached within imparted time

1. FAA. (2020). Upper Class E Traffic Management (ETM) Concept of Operations v1.0
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The CSM operating environment
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A key component of CSM operations in the ETM environment is the ESS (ETM
Service Supplier). The roles of a ESS could be as follows:

O

“Act as a communications bridge between ETM participants to support
Operators’ abilities to meet the regulatory and operational requirements for
Upper Class E operations!”

“Provide Operators with information about planned operations in and
around a volume of airspace so that they can ascertain the ability to safely
and efficiently conduct their missiont”

“Archive operations data in historical databases for analytics, regulatory,
and Operator accountability purposes!”

1. FAA. (2020). Upper Class E Traffic Management (ETM) Concept of Operations v1.0
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Functional Requirements

Operational Intent Sharing

on display showing all active ETM vehiéles
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g User story:
" ol i An ETM operator must shares their vehicle’s Ol and can requests

J nearby ETM vehicles’ Ols through ESS data exchanges in order to
support the planning and management of operations informed by
il accurate situation awareness of the operating environment.

Acceptance Criteria:
o ETM operator(s) can submit an Ol to the ESS and request all
- s ; “accepted” and “activated” Ol(s) in the ETM environment (above or
- . Y . : g . near FL600)
£ orototype-of datablock = S S = Ase = «  The “accepted” state indicates that the Ol meets all
ESH el R T - requirements to access and operate in the ETM
environment but is not yet in use.

* The “activated” state indicates that the operation is active
and adhering to its requirements for operating in the
prescribed airspace.

o ETM operator(s) can visualize and select all “accepted” and
“activated” Ol(s) to gather operational data in more detail for the
airspace either planned for use or currently in use.

aft rmatio: . .

A prototype-of activeaircraft table

Aircraft ID Model Type Country h‘f‘ltude Brodnds3pesd Lat : Long wind Vert Status n
(m) (ms) (ms)

»  EZS 5-. oo BALLOON USA 18733.2 6.8 44.253 : -112.452 5.4 level flight
B2 BALLOON BALLOON USA 16688.4 [34.7 |43.636 : -72.527 18.3 level_flight
Be03 BALLOON BALLOON USA 17489 6.6 40.578 : -116.984 9.7 ascending
8004 BALLOON BALLOON USA 19110.2 [7.1 [39.159 : -129.548 3.9 level_flight
B80S BALLOON BALLOON USA 16343.2 31.8 35.272 : -104.569 17.4 level_flight
8006 BALLOON BALLOON USA 17930.7 16.1 29.226 : -88.11 7.8 level flight
A@1 BALLOON BALLOON usa 16623 14.8 15.994 : -119.731 7.8 |1evel_f1ignt
Hee1 Fi_HALE FW_HALE |usa 18892.2 2.5 44.217 : -68.108 NA level_flight
Hoo2 Fi_HALE FW_HALE USA 19183.8 26.5 32.722 : -100.662 NA level_flight
Heo3 FH_HALE FH_HALE UsA 18449.5 25.4 38.353 : -84.348 NA level_flight
Hoo4 Fi_HALE FW_HALE \usA 17362.9 |20.6 27.528 : -97.156 NA level flight




Functional Requirements (continued)

Conformance Monitoring

User story:
An ETM operator can ensure that my vehicle stays safely within the
published 4D OI volumes

Acceptance Criteria:
o ETM operator(s) can view and track their operations in real-time
* Flight operations data (i.e., telemetry information) and Ol data

must be available to support real-time vehicle conformance
monitoring.

ST o ETM operator(s) will be notified by ESS when the trajectory is

A prototype Of Conformance monltor'ng table “nonconforming” or “Contingent”

+ “Conforming” state is when the vehicle is flying within the Ol.

* “Nonconforming” state is when the vehicle is temporarily

Pre-decisional

danformance Monitoring

Arcraft I0 Conformance k ]
v EEU <o forning outside the spatial and/or temporal bounds of the OI but the
8062 [Conforning situation is recoverable.
| f « . » . . .
:x 2:‘:::: + “Contingent” state is when that the operation is unable to
‘8005 [Conforming return to conformance with the Ol.
806 Conforming
ABe1 |Conforning
Hee1 [Conforming
HeB2 [Conforming
|1Ho63 {Non-Conforaing
HEeq |Conforming

uee1 (Conforming
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Functional Requirements (continued)

Conflict Detection

A prototype of conflict alert on the situation display

User story:
An ETM operator must submit Ol to ESS and be notified if it intersects
with another Ol to enable deconfliction and promote safety.

Labers

Acceptance Criteria:
o ETM operator(s) (either or both) must be alerted in a timely manner
(parameters TBD)
5 o ETM operator(s) must be notified with information to assess the
= e e o : criticality of the intersection

= Cannon'AFB: o > Eubbockissn -
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A prototype of conflict list table

Aircraft ID 1 Flight Status 1 Flight Status 2 Aircraft ID 2 Time

S 5001 L= |~ \Heo1 | 60

8002 [ v Hoo3 120
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Functional Requirements (continued)

Conflict Resolution

Operational
Intent

Conflict?

Continue Operation
No

/ \ User story:
e __Alon-detau . @ [ summea oro An ETM operator must be notified in a timely manner of which pre-
= il iale No i agreed resolution method (COP1 and COP2) to be executed, if
c applicable, or to coordinate in ad-hoc negotiations (COP3) with the
.g i other ETM operator in order to maintain separation of Ols
@)
Q coP2 o Wait-n-Watch Acceptance Criteria:
? \ o ETM operator(s), who pre-agreed on the standard rule-based
L \ ) approach (COP1 or COP2), must be notified on time regarding the
a- - Perform Agreed Resolution type of resolution method to be executed
Reseution - ‘> o ETM operator(s) can resolve the conflict through ad-hoc negotiation
(COP3) if the method is coordinated with another conflicting ETM
— operator
Combination of Both

Negotiation
Successful?

Maneuver to
No Maintain Separation
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Functional Requirements (continued)

Conflict Resolution (COP 2 — Use of Containment Confidence Level Information)

No Ol size restriction, Ol lookahead time horizon = 24 hours

ime horizon = 24 hours
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Containment Confidence Level

Containment confidence
level becomes less than
a pre-agreed threshold

'

! Vehicle A :
Vehicle A Containment confidence

level becomes less than

Case 1: One of the ETM a pre-agreed threshold

vehicles with low

containment confidence level .
Case 2: Both ETM vehicles

Vehicle B with low containment
to confidence level

Vehicle A

Case 3: Both ETM vehicles
with high containment
confidence level

“Wait-n-watch” can be executed, if the intersecting Ol
segment’s CCL value is lower than the pre-agreed
threshold value

= 1 — (likelihood that an ETM vehicle exits OI boundary) 22
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Overview of Scenario and Use cases

= Ou =— S 8001

BOO2

BOO3
BOO4
BOOS
BOOG&
A001
HOO1
HO02
HOO3
HOO04

uUoo1
Scenario One
Scenario Two
9t KBAB
KRDR

4001

| Element |
Air Traffic Controller
(ATC)

Airspace Constraints

Operational Intent (Ol)

Cooperative Operating
Practices (COPs)

Upper Class E airspace (near and above FL600)

ATC is not providing separation services for ETM vehicles operating in Upper Class E airspace
(near and above FL600)

(Verbal) communications between ATC and ETM operators, ESS are not required with the
presumption that ATC has pre-authorized the ETM operators to have access to the ETM
environment

No airspace constraints currently present in the Upper Class E airspace with mild weather
conditions

Ols of the ETM vehicles are updated via the rolling-window approach

Pre-agreed resolution methods (COP1 and COP2) exist between ETM vehicles

A primitive ad-hoc negotiation method (COP3) is available via phone call/email

23



Overview of Scenario and Use cases

Scenario Overview:

o A HALE balloon (B0O06) is flying over the Gulf of Mexico to monitor oil
spills at 18.3 knots in average

* Due to limited predictability, the HALE balloon (BO06) operator
shares its Ol only up to next three hours
* The Ol is updated regularly at every 60-minute interval.

o A solar-powered HALE fixed-wing UAV (H004) is flying from Corpus
Christi to the Gulf of Mexico to provide communication service over
the Gulf of Mexico after the hurricane. Its intended flying speed is 20
knots

* The HALE fixed-wing UAV (H004) operator shares its Ol with
8-hour lookahead time and regularly updates Ol at every 60-
minutes interval.

» Each polygon-shaped 4D volume Ol represents every one-
hour period of operations

BOO6 — HOO4 interaction

Y

=>» Three Use Cases (COP1, COP2 and COP3) can be tested using the
same scenario

_ TS
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Potential communication
between operators 24



Simulation Environment (ETMAuUtoSIM and ETM Viewer)
ETMAutoSIM

ETMAutoSim Architecture-V2 (Time-first)

Preprocess Pre-loop Time loop | [ write Write complete
put file calc intent For 1 time step at a time: |debugging| JSON file
polygons check conpliance for each vehicle, file
& vertical speeds for each vehicle identify conflicts with other vehicles,
T update vehicle dictionary,
Read input file. preprocessed file. add to JSON struct for that time step Compiete —
ile. N
I T I SON i {iemrzation
Sequence thru Sequence thru b computer J
vehicies one at a vehicies one at a o For each Add to 250N - Scenario and
time. tiime. vehicle monitor| |Vvehicle identify struct for all o o
X conformance. | | conflicts with vehicles at this Configuration parameter
Do all time steps for Do all times steps others (intent time step.
one vehicle before for one vehicle polygon Post-loop XLXS
doing next vehicle. before doing next overlap) If conflict, write file at intent_rate
vehicle. JSON-so-far intervals (10 min)
Create normalized file. for debugging
time steps: Build vehicle
intended & actual dictionary.
Lat/Lon/Alt

Hdg/Spd/Wind Save intent

itks breprovesssd polygons, vertical | ETMAutoSIM
file.

speeds, other
vehicle parameters Vehicle dictionary JSON-so-far (Python)
file. Send to COP Tool
and wind data.
l COP Tool

Get time array.

© ;eL:;(rgc'ﬁZS;d Write pre-loop file Vehicle 3: ]
C l:(_e,,r:i,;ls Vehicle 2: ) JSON files
Vehicle 1:
O name, type, buffers, thresholds, rules fgﬁ
® — time(]
lat/lon/alt
XLS Pre-loop XLXS fpeZ'é:n . : ETM V|ewer
file at intent_rate intents[] E:
ey intervals (10 min) wind data[]
PEE e, for debugging (KML’ C#)

_CIS 9
() . -
5 ETM Viewer JSON files
< ETM View Selector Ul Ve ~ Ve N
et Situation Display
Play back controller ETM Dashboard
ul
£ = - . ’,—
8 v s ial
JSON Parser Document Mpﬂijmr\ﬁew - V
I strResults.Json € Select SimResultsFile N J
Y Deserialized simResults Obj Read SimResultsFile
KMILWriter DATA ‘
A block diagram of ETMAutoSIM + ETM Viewer
> KML Intents.
KML Position
> KML ACHistoriy Google Earth or other
> KML Corflicts

KML ViewPoints 2 5
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External Interfaces

Partner ETM Clien
/NASA ETM Client APT

Pattiier Operator 1, HALE Airship (A002) .i

NASA ETM Client

Partner ETM Clien
NASA ETM Client APT

NASA Operator 1, HALE Balloon (B)01)

Partner Operator 2, HALE Balloon (B002)

-

NASA ESS —DST (ETM ESS APT)

NASA ETM Client i E I|

Partner ETM Clien
NASA ETM Client APT

@ DATA Archive
ETM Service S li ESS
A Operator 2, HALE Airship (AQ01) rvice Supplier ( ) @

Partner Opefator 3, HALE Uncrewed Fixe ing (HOO01)

[ETM-ETM Operator-API]: https://github.com/nasa/utm-docs/tree/master/etm/operator-interface-spec
[ETM-ESS-API]: https://github.com/nasa/utm-docs/tree/master/etm

26
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https://github.com/nasa/utm-docs/tree/master/etm/operator-interface-spec
https://github.com/nasa/utm-docs/tree/master/etm
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Demonstration

A placeholder for video

27



Coming Attractions
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Coming Attractions

* Announcement of Collaborative Opportunity (ACO) in the works and to
be released when complete (date TBD)

* Working toward an ETM connectivity evaluation in Spring 2023
 Stay tuned for details

* Additional publications in the works and to be formally released after
final reviews and release authorization

* Upcoming session at AUVSI XPONENTIAL April 25-28 in Orlando, FL:
NASA IS DEFINING THE FUTURE OF AIR TRAFFIC MANAGEMENT

* Proposal for next ETM meeting on the topic of communications
considerations for ETM operators



© Wrap up
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Questions?
jeffrey.rhomola@nasa.gov
Jaewoo.jung@nasa.gov
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