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Workshop Kickoff

 Welcome
e Introductions
 Event overview



Day 1: Agenda

Objective: Present the research and analysis associated with technologies and ETM concepts to date

Time (PST)
9:00 - 9:30
9:30 - 10:00
10:00 - 10:20

10:20 - 10:30

12:00 - 1:00

1:00 - 2:00

Welcome, Introductions, & Agenda Overview
ETM: Project History and Overview

Cooperative Areas Overview
Break

Status of Technology and Testing | Industry Update

Status of Technology and Testing
FAA Analyses | Aircraft ID | Flight Plan Filing

Lunch

Status of Technology and Testing
Architecture View | NASA (CET) | NASA Negotiation Model

Day 2 Overview — Cooperative Operating Practices (COPs)
Development

Lab Demonstration

Happy Hour at the Space Bar

NASA/AII
NASA/FAA

FAA

Industry

FAA

NASA

FAA/NASA

NASA




Day 2: Agenda

Objective: Continue Cooperative Operating Practices (COPs) development for ETM

Welcome & Regroup All
m Outcomes of NASA & FAA COPs Development Working Sessions FAA/NASA
Cooperative Arceca)l3 I\I?I;G;vaak;eur;[vss: Z(O?r:;sfer of Services I
m COP Breakout Session #1 Debrief Industry
m . FZOP Break.o.u.t Session #2 Industry
echnical Capabilities to Support ETM

m COP Breakout Session #2 Debrief Industry
m Next Steps & Closing Remarks All







Background

* Operations in Upper
Class E airspace have
traditionally been
relatively few in
number . Upper Class E

* Security and science
missions have
contributed to much
of the presence at
high altitudes

* Managed services in
Upper Class E have
historically not been
provisioned for civil
aircraft operations

ATC Managed --------

Class A

e e e

Lower Class E
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Upper Class E Opportunities

—+ - @

Security & Science  Communications Persistent Monitoring  Supersonic Commercial Hypersonics

Transport Space Launch

Demand for Upper Class E airspace use is projected to increase

A diverse set of vehicle and operation types are expected

Existing users need continued safety and access

ATC services are limited in Upper E, which impacts the ability for industry to scale



What is ETM?

* An Extensible Traffic
Management (XTM) concept

e Allows for establishment of

Upper Class E

cooperative areas in Upper Cooperative Area
Class E airspace above FL600 S ( o
where operators can conduct o . . G

. . . . . perations conducted in accordance with COPs ATC-Managed
operations in coordination with S
each other with qualified third Cassa O T
party or self-provisioned FL600 flexible floor

service support

 Allows for potential use of
cooperative areas in upper
Class A airspace to
accommodate operator needs
at ~FL500 to FL600

INFO-CENTRIC
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Responsibilities

Operator Regulator/ANSP

» Coordinate, execute, and manage operations « Maintain regulatory authority over airspace

« Comply with a set of stakeholder-developed and operations

Cooperative Operating Practices (COPs) » Provide guidelines and approves or
acknowledges COPs in accordance with
agency statutory responsibilities for equity,
safety, and security

« Comply with applicable performance and
regulatory requirements for the airspace
within which they are operating

* Qualify third-party suppliers of services for
use by ETM operators to meet regulatory
requirements

« Use airspace as efficiently as practical and do
not knowingly impede other operators’ use of
airspace

 Establish performance requirements
frameworks for cooperative airspace and
confirm the operator meets the standardized

« Maintain conformance to the intent level of performance
communicated to other stakeholders

e Share intent information with other relevant
stakeholders as required

INFO-CENTRIC
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Integrated Information Environment

« ETM operations are conducted in a highly automated,
information-centric environment {/3

* Operators are connected to this information environment to e » o 2 =
facilitate timely information transfer among stakeholders

 Qualified third-party service suppliers may support
operators in meeting part of their requlatory requirements

* Information is shared using common standards and
messaging protocols to ensure interoperability

* Information management is consistent with established
performance and security requirements as appropriate

 Stakeholders have on-demand access to information
sufficient to support their roles and responsibilities (e.g.,
operators, ATC)

¢ “.-; )
INFO-CENTRIC
NITIOMAL ARSANL SrsTE
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Airspace Organization

* The FAA designates airspace where Upper ClassE
cooperative operations can occur Lok
(not exclusionary airspace) bt
cassa
» Structure of designated cooperative b...s .

airspace is informed by the use and
needs of the operator community

» Designated cooperative airspace may
Cross or span airspace classes, air
traffic facilities, and Flight Information
Regions (FIRs) as approved

INFO-CENTRIC §




V4
» COPs are ‘Industry-defined, FAA-approved'’
practices that address how airspace users will \

manage their operations in airspace designated for
cooperative operations (i.e., Cooperative Areas)

Cooperative

« COPs also address operator responsibilities and
procedures for any required interactions with ATC as
operations transition in/out of Cooperative Areas.

Operating
Practices

» COPs are applied in accordance with tailored flight
rules (TaFR) and applicable performance-based
standards

§ INFO-CENTRIC B
B UL ARsaags sesTee
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ETM Development

* Development of ETM was understood to
require close collaboration with multiple
stakeholders

* Industry

* FAA

* Other regulatory agencies and organizations
* DoD and other federal agencies

* In developing ETM, the early approach was
to build upon the foundations established
in NASA’s and FAA’s UAS Traffic

Management (UTM) research

13




Tabletop with Industry & Government Stakeholders:
Tabletop 1

Scenarios
NASA Ames Research Center 1) Transition into ETM

April 18,2019 Strategic Deconfliction between Operations (Pre-Flight)

2)
3) Deconfliction between Pre-Flight and Active Operations

4) Planned Overlapping Areas of Supersonic & HALE Operations
5)

6)

Participants NASA | ct
g Tactical Deconfliction
mes Research Center ]
4 e Off-Nominal Event
Standards AN /FAA _
Int’l. Civil Aviation Org. RN Y ////
\ NextGen (ANG) ‘ . ‘ , __—
7~ ) S Aviation Safety (AVS) N Y
Defense & Secu rity "-7 : Air Traffic Organization (ATO) f;',’,’f,,’,f,-‘,’.;'f/_/"f//‘; ‘
Dept. of Defense (DOD) UAS Integration Office (AUS) v ." !
Dept. of Homeland @ National Air Traffic Controllers ren R - SRS Q [Pemedioote |
i -5 Association (NATCA S~ T
\Securlty (DHS) =% ) K ( ) / _ B~ |
/l d t \ A Supersonic 650 1300z ﬁ
ndustry @ L0l >£Boom o
I ! HALE Balloon x6 600 thru 680 13002 \
AL =3
. LOCKHEED MARTIN E
BOEING P o ATM
GENERAL DYNAMICS 2 leidos YAurora |
18,000’
E— = 10,000° / | b Y
" 400" Coe— " 3 L e



Ascent to Operating Altitude

Airspace Management and Procedures

Tabletop with Industry & Government Stakeholders:
Tabletop 2
- 2K

NASA Ames Research Center
December 12, 2019 .

= Ascent procedures

Time 10 reach skitude Appraemately 10 minstes « ATC

g services/coordination [CENt Procedures Iscent procedures

Abifiry 1o move lateraty KUY 0 ti Ititud ATC ATC

bt 2 * Operating altitude services/coordination | * .

Aty to maintan Able 10 level off 2 any portion ofthe fight procedures s ‘I‘"_" ; 0 services/coordination ent procedures
posni (hokd sxtude) gy perating altitude  hyerating altitude | ATC

pcedures rocedures services/coordination

mm services/coordination
i ATC ting altitude
« Operational Issues 3 « ATC erating
services/coordination cedures

services/coordination

P t. . p t Planned Secontary Surveddanc
a r ICI a n S c mmnumwxmz:::: *-PAAentingc berational Issues
- oot « Industry identified perational Issues | ATC
services/coordination

traditional Push-to-Talk {PPT)
F 3
Global Navigation Satelfe System (GNSSL G7S, inertsl IA:‘GG"'(‘:'M{ g | e identified ealt
ndustry identifie « Industry identified erational Issues
FAA identified

Industry identified

\vinesried Reterence System (1R5)

e

.
NASA CEAA

\Ames Research Center NextGen (ANG)
7 Aviation Safety (AVS)

4 Air Traffic Organization (ATO)
Defense & Security

1

National Air Traffic Controllers
Association (NATCA)

LA
SRS

Dept. of Defense (DOD) U QAS Integration Office (AUS) /

O s
\l’{\ 3 m:/j

/
T QU AR ) g
‘ll’ $ AIRBUS
AeroVironment” LOCKHEED MA BTII?

/| OEING

Ascent/Descent to/from operating

Take-off/launch and transit to Upper Class E
altitude

airspace

~

NORTHROP GRUMMAN f - @4
L e leidos s
— E — 'Tﬁ, - - s = = = i
Lost link Operations straddling ETM and provided Uncontrolled descent

separation
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Virtual Workshop with Industry & Government
Stakeholders

2021 ETM Workshop Day 1

Welcome!

2021 ETM Workshop Day One
July 21, 2021 ins oo

Top 3 Outcomes:
ETM Services and

ﬁ N\A}» A S Architecture

Information
+ Basic i
vehicle
. Tropd
Iinclud
Considerations for
Global Operations

Moderator: Faisal Omar

Candvn € W o Bigasis R .. - WA mhat Air Navigation Service Providens 60 hgh stude operston intersct (or expect 10 mteract) outiade the U3? What a the nature of the

. SN AT 80 you receive from these ANSP)?
: 2o = = = : > Scrollfor details ) . ) lun an
» ’l ‘D 0:00 / 5{18:32 =, m ‘. = Top 3 Outcomes:
e

+ EQUEMent and weather (eQurement across T Gferent regons.

[ [omm e coomormrorts |
I




Post-Tabletop Engagement

&

AeroVuonment

e At the 2019 Tabletop, the need was
identified for greater interaction
among ETM stakeholders

* Regular meeting schedule
developed with Industry, FAA, and
other stakeholders

*Interim AlA-mediated meetings
for Industry consensus

17
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Early Collaborative Discussions

(R > STe— )
Current e ;== \ - 75% Confidence
i = - =N \ .
Vehicies pos PO WA —— 90% Confidence
» . ~k I‘\ .\

- \ RN = et Multiple topics presented and
s, y e N discussed as part of regular
| R LW engagement between
- IEs = D stakeholders:

-t - vehlcleegns . Lonnon L u @ ; * Proposed use cases

Vehicles ) S T S — S

= e « Concept of intent sharing
 Conflict identification

e Coo erative conflict
resolution process and

Negotiation time frame Fallback arbitrage . .
: : negotiation

Conflict not fl d Conflict fl d fi i :
l:’:c:;tfs: ‘t)oo ?agrg i?\ or:ietonfilii?:!t’iin i ' One vehicle no longer able to e R U | e S Of t h e rO a d fO r

future, too likely to Both A & B in position to i safely maneuver out in time.

change maneuver out i O p e ra to rS

° Cha.racterization of ETM
Risk exceeds TLS if no e nVI ro n m e nts

Arbitrage fallback mechanism if
unsuccessful negotiation

maneuver initiated.
Deadline for maneuver initiation

° many more...

18 o



Ongoing Collaborative Discussions

Terms and Descriptions

; Ol of a vehicle with:high maneuverability > B of a vehicle with low maneuverability

> Operational Intent (Ol
dimensional (4D) (fime
the future'”
« Ol bounds the intend
+ Ol could be shared i © w— TODAY ———— NEAR TERM - FUTUR

+ Ol may be updated a|

o Containment Confidel
vehicle to stay safely wit} [F
Upper-E Traffic Managem:
o Conflict: Situation whe

o Cooperative Operating

Strategic Phase Tactical

Steps for Integration of xTM into the National Airspace

Discussions between
stakeholders continue in
order to maintain
engagement and drive

E concept forward:

each other due to ung SEGREGATED : HYBRID "INTEGRATED

The Scope of Negotiation

1
i i
cooperatively *—Phase

‘Traditional Air Traffic Man: Applying the rule-based approa'ch

Applying negotiation

UAM Traffic Management

e . T B

©
e
©
0
%}
©
UAS Traffic Management JPS
-4
o

Last chance for Lastchance for

Airship to avoid HALE fixed-
the conflict ~ wing aircraft to
The negotiation is: avold the conflict

To provide an efficient way for operators to cooperate
efficiency without sacrificing critical needs

19

i
| wing aircraft

to avoid
Unacceptable
level of risk

» To be applied during the strategic planning phase only
» To complement not compete with the rule-based conflict approaches for resolution or rerouting
« To provide flexibility for efficient solutions given dynamically changing operational needs

HALE fixed-

by sharing their needs, so they can achieve better

« COPs development
* CNS technical discussions
» Cooperative Areas




NextGen ETM ConOps

* Operations
* Pre-Flight and Transition to Upper Class E Airspace
* Operating Altitude WITHIN Upper Class E Airspace

— * Operating Altitude BELOW Upper Class E Airspace:
Flexible Floor of Cooperative Environment

Conce[_)t of / » Descent from Upper Class E Airspace to Landing
Operations / . — e (into/through Class A airspace)
/ e : : * Contingency Management

Operator C w

v1.0 * Equity of Airspace Usage

* Security

* ETM Implementation
Foundational

Principles

Roles and
Responsibilities

Scenarios and
Operational
Threads

Upper Class E Traffic Management (ETM)

2 O A AT




Early Work

Minimum safety zone for different minimum
separations & speeds

e

8 X
Min. sep. 4.0 nmi
- = Min. sep. 5.0 nmi
5 . Min. sep. 6.0 nmi
Min. sep, 7.0 nmi
——Min. sep. 8.0 nmi
4
2
£,
=
2
3.0 Mach
4
£
& T 4
10 5 15

Pre-decisional & lished, no furthex i without quthor's permission

Notional cooperative separation management service processes within Upper Class E Airspace (Above FL 600)

cooperative_strategic_separation_above_FL600

ot contc ~ D - t, . R
deecsion i progress
- ~

No

Aert Takn
rect
. appeoprate
resoiutonts) b

Due to the limited maneuverability
of the ETM vehicles to make tactical

movements, separation needs to be
performed in a strategic manner

Pre-decisional

Conflict Resolution Phases for
Balloon and Fixed wing

Minimum safety zone

(to balloon, if climb rate = 20mpm/1.09 fps)
Vsep. = 2,000 ft -> ~30 min. -> ~266 — 1,000 nmi
Vsep. = 1,000 ft -> ~15 min. -> ~133 = 500 nmi

Minimum safety zone
(to fixed-wing)
e.g.~5- 30 nmi

Negotiation, Strategic deconfliction, fairmess..

-
Y

¢

Fixed-wing
maneuver only

Both Fixed-wing and
balloen can maneuver

Class E

Totaltravelled distance (48
hours) = 1283.00 mikes

Random scenario generation for Loon’s balloon (examples)

Speed fknots) ST et

e = ot
561 & 5 min 504
15.47 5% 1511

uf| Totaltraveied distance 48
hours) = 2270.04 miles

speed (kaots|
mean 4110

s s
in om y
5% 5.9 1 |
=% g
o e o i
7 5550 ESG, il

max 7281 -

Varying wind severity to see
the impact

Speed and heading of loon’s balloon will be periodically changed based on the
range of the speed parameter range specified but the balloon’s operations
will be bounded by its desired mission area to mimicits actual operation

The rationale for developing this random
generation capability is to test out various
scenarios as many as possible

21

Stakeholder engagement and
outreach

Use case development and
discussions

Concept development

Simulation planning and initia
platform development

Architecture and services
exploration

ETM
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Research Transition Team (RTT)

* The early collaboration between ETM participants
provided the foundations for formal structure to be
applied to the research and development effort

* Building upon that structure, NASA and FAA formally
established a Research Transition Team in 2021 with a
path forward to progressing the ETM concept in close

coordination with each other and the other community
stakeholders



ETM Today

* Discussions among stakeholders continues in an effort
to progress the ETM concept forward

* Modeling, analysis, and development continues In
preparation for simulations and other opportunities

 Greater awareness of high-altitude aircraft applications
and the need for their management has emerged
through recent events (e.g., security, science, natural
disasters)

23
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ETM Cooperative Separation
Schools of Thought

Upper Class E Upper Class E

Cooperative Area

&=_E

"S- ATC-Managed Operations -< ATC-Managed Operations

INFO-CENTRIC
NITIOMAL ARSANL SrsTE
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Cooperative Areas
Overview

UPPER CLASS E

COOPERATIVE AREA

. -

A
=

~——< ATC-MANAGED OPERATIONS

- e ..’..\A o _’,,.__';—-—‘-

- B e AR nlitng LB
>~ . - _ BB TS

a5 S

* The FAA designates volumes of airspace, referred to as ‘Cooperative Areas’, within which Operators manage
their operations in accordance with Industry-developed, FAA-approved Cooperative Operating Practices (COPs)

Tty
N J‘ - -* 1A
INFO-CENTRIC

* Operators do not receive Air Traffic Services (ATS) while operating in Cooperative Areas TR
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Cooperative Areas
Designation

Notional Snapshot of CAs in the NAS

* Cooperative Areas are
designated:

* Based on Operator needs

* With consideration to traffic (e.g., in
vicinity, global transit)

* Terms and conditions for
establishing and changing CAs
are established by the FAA and
Industry — the FAA approves the
release and/or redefinition of
airspace when conditions are
met

§ INFO-CENTRIC §
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Cooperative Areas
Operations Within

* Operations inside Cooperative Areas are in the cooperative control environment (CCE)

* Operators continually share revised flight intent with each other and strategically deconflict their operations
from one another

* Operators either self-provision or utilize third party services to support their operations

* Industry stakeholders will drive how they will operate safely and equitably within Cooperative Areas (and
this will be codified in the COPs)

* Cooperative separation may be predicated on ‘Separation Envelopes’, or performance-
based criteria (not fixed separation minima)

* Separation envelopes account for uncertainty of projected position over time, along with other factors

* Separation envelopes are based on pair-wise vehicle performance (e.g., balloon to airship, balloon to fixed
wing HALE)

INFO-CENTRIC
PUTIOMAL RSANL) SrsTR
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Cooperative Areas
Entering and Exiting

* Operators entering and exiting | —
Cooperative Areas must transfer o
services accordingly from the ATCE to LeEERcLis 2 , # s

~f
~ '
-

= . 3
)))M)7 .....

the CCE or vice versa

D —-—

* Operators/vehicles entering Cooperative Areas
from the ATCE transition to cooperative traffic
management and services in accordance with

ATC Coordination
As Required

A

o

established COPs/procedures | - 0 ..

CLASS B,C,D,E

-~
“
A
A
L
A
®hy

* Operators/vehicles exiting Cooperative Areas
into the ATCE transition to air traffic services in

accordance with established COPs/procedures
OPERATIONAL PHASES

* May have coordinated entry and exit points
into and out of the Cooperative Area

INFO-CENTRIC
PUTIOMAL MRS SrsTEY
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Cooperative Areas
Operations Outside

* Operations outside Cooperative

Areas are in the air traffic Ll ea i
control environment (ATCE) s

ATC separates IFR aircraft from
Cooperative Areas or we have rules for
automated de-confliction from
Cooperative Areas

All other air traffic services remain
consistent with current Class E airspace
requirements (and Class A for flexible
floor operations)

COOPERATIVE AREA

INFO-CENTRIC 8
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ETM

UPPER CLASS E
TRAFFIC MANAGEMENT

ETM CNS Analysis
Summary

Michelle Cady — Robert Eftekari
August 9, 2023
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Overview

* Existing Communication, Navigation, and Surveillance
(CNS) systems were analyzed to identify:
« Advantages

e Limitations

* Current support for potential ETM operations



Communication (Voice and Data) Coverage

100,000FT MSL

HF Voice (A/G) SATVOICE HFDL (A/G) SATCOM
SFC-300KM (SB) SFC- SFC-300KM (SB) SFC-
AGL2 780KM AGL3 AGL2 780KM AGL3

Upper Class E

ETM Airspace

60,000FT MSL
VHF Voice
{(A/G) SFC-

60,000FT MSL?

VDL (A/G) SFC-
60,000FT MSL?

d

Class A

18,000FT MSL

Class B, C, D,

36

EG
400FT AGL
SFC
Limitations
Communication Type 'WHF service volumes defined up to FL600; voice and VDL propagation models indicate sufficient signal strength at 70,000 ft AGL; airborne
A/G Air-to-Ground equipment testing standards are limited to FL700
. *Potential HF voice and HFDL ceilings in upper levels of the ionosphere; actual limits dependent on frequency and signal availability; airborne

SB Satellite Based equipment testing standards are not specified above FL700 ETM

*potential SATVOICE and SATCOM coverage ceilings based on the lower of two provider constellations; software/hardware limitations may R

reduce this; airborne equipment testing standards limited to FL700 (f'//:{,'




Communication Key Findings
* Very High Frequency (VHF) voice and VHF Data Link (VDL)

* Voice service volumes defined up to FL600

« Coverage limited by necessary ground infrastructure

* Potential voice/data use up to 70,000 ft AGL due to signal characteristics
* HF voice and HF Data Link (HFDL)

« Coverage beyond VHF (e.g., oceanic) up to high altitudes

» Availability of HF signals would theoretically be greater above FL600
« SATVOICE and SATCOM

* Theoretical coverage up to 780 km

 Currently in use by UAS (SATVOICE to VHF/UHF relay, C2 for Global Hawk)

* Potential doppler shift above Mach 1.4 to Mach 1.66 depending on service
provider; could be problematic for supersonic and hypersonic aircraft
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Navigation Coverage

100,000FT MSL

GNSS/GPS (SB) SBAS (SB) INS (AB)

SFC-3000KM* SFC-100,000FT SFC-Unlimited

Upper Class E High Altitude ITAR ITAR
Barometric 5

Units (AB)

SFC-70,000FT =

MSL?

5

Restrictions Restrictions

60,000FT MSL

ETM Airspace

Traditional VOR and DME/DME

Pressure ,* TACAN (GB) (GB) SFC-
Altimetry (AB) SFC-60,000FT 60,000FT AGL3
SFC-60,000FT AGL3

1
Class A MsL

18,000FT MSL

Class B, C, D,

EG re—

400FT AGL -
-
SFC .Ln b o ST o A i

Limitations
Navigation Type Devices are not generally required to operate above FL500; however, many systems are expected to function up to FL600
AB Aircraft Based ’One operator obtained approval and used high altitude pressure altimeters that functioned to FL700 ft based on extrapolated Air Data

Computer / barometric altimeter error requirements

GB Ground Based

3Limited to “High” installations where transmitters are located at sufficient heights above ground level

38 SB Satellite Based *GPS Terrestrial Service Volume (TSV) upper bound; altitude provided by GNSS is not approved for use as a primary means of vertical navigation

>Current ITAR restrictions mandate that airborne GNSS receivers be disabled at speeds exceeding 600 m/s (1166 kts or Mach 2.03)




Navigation Key Findings

* Pressure Altimetry

 Traditional equipment generally not expected to function above FL600
* One operator developed custom units that supported global operations up to FL700

* VHF Omni-Directional Range (VOR), Tactical Air Navigation System (TACAN), Distance
Measuring Equipment (DME)
« Many provide available signal up to at least 60,000 ft (AGL)
« Coverage limited by necessary ground infrastructure
 Potentially viable for the lower ETM environment

* Global Positioning System (GPS), Space Based Augmentation System (SBAS)

» GPS should support many expected ETM operations (service volume up to 3,000 km)
« SBAS coverage up to 100,000 ft (WAAS)

 |ITAR restrictions on receivers may limit functionality above Mach 2.03 (600 m/s)

* Inertial Navigation System (INS)
* No altitude limit (used for Apollo moon missions)

« May require other technologies to compensate for errors that accumulate with time
39



Surveillance Coverage

100,000FT MSL

Version 3
ADS-B (AB) SFC-
1,000,000FT AGL®

Upper Class E

ETM Airspace

60,000FT MSL
Phase 2 WAM

(GB) SFC-60,000FT e
MsL!

Class A

18,000FT MSL

Class B, C, D,
E, G

400FT AGL =
-
SFC

Limitations
Surveillance Type Potential limit of 2D WAM based on traditional pressure altimeter performance and system configuration
2 .. . . .
: ASR coverage limited to roughly 25,000 ft by automation software (e.g., altitude filters)

AB Aircraft Based , : _ . .
Some ARSR installations are capable of coverage up to 100,000 ft; dependent on valid pressure altitude

GB Ground Based 4 : . o . o - N .
ADS-C installations are postulated to provide reliable aircraft positions up to the limit of traditional pressure altimeters (60,000 ft)

40 SB Satellite Based *Version 3 1090ES ADS-B optionally supports altitude to roughly 1,000,000 ft; however, vehicles traveling more than 600 m/s are subject to ITAR

restrictions




Surveillance Key Findings

Wide Area Multilateration (WAM)

* Phase two system coverage up to FL600
 Limited ground infrastructure (only available in AK, CA, CO, and NC)

Radar
« Long range radar coverage potentially up to 100,000 ft
 Limited by necessary ground infrastructure, software (e.qg., filters), and hardware
» Dependent on transponders with accurate pressure altitude (possibly unavailable)

Automatic Dependent Surveillance — Contract (ADS-C)
« Coverage in oceanic and remote continental regions

» Subject to service provider and automation limitations, pressure altimetry constraints (may not be
available for use above FL600)

Automatic Dependent Surveillance — Broadcast (ADS-B)
* Widespread adoption for use over land; space-based variant offers potential for worldwide surveillance
* Version 3 standards developed to support operations up to roughly 1,000,000 ft AGL
+ Dependent on GPS (ITAR speed restrictions above Mach 2.03) and valid pressure altitude

41




ETIVI | eTM Analyses

momensse | Initial Aircraft ID
Analysis

‘f‘
/ Michelle Cady

August 9, 2023
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Initial Aircraft ID Analysis
Overview

 Current International High-Altitude Vehicle ID Requirements

* Traditional Aircraft ID Technologies

« SSR Transponders, ADS-B Transmitters, ADS-C Equipment, ACARS
messages

 Other ID Technologies

« UAS Remote ID and Similar Capabilities
* Proprietary Telemetry

* International ANSP Data Exchanges

* Limitations that may impact transmission of ID information across FIRs



=TIVl | ETM Flight Plan

werenensse. - | Filing Initial
Analysis

Michelle Cady
August 9, 2023




Flight Plan Filing
Overview

» Aircraft operations outside CAs are known to be within the Air Traffic
Control Environment (i.e., ATCE)

> This includes the ascent, descent, IFR portions of flight (to/from a CA)

» ATC requires flight plans to be filed for all portions of flight within the
ATCE, so proper ATS can be provided

> ERAM constraints do not allow for the ingestion of Flight Plans that exceed ~24-Hours

» TFMS constraints do not allow for the ingestion of Flight Plans that exceed ~18-Hours
» Flights that exceed the limits shown above, operators must refile each leg to meet the system constraints

» Flight Plan Example/Use Case

>  Flight Plans for flights less than/greater than 24-Hours must include the following elements
» |FR flight plan must include; Flight Specific Information (e.g., Aircraft ID, Flight Rules, CNS [ADS-B]), Aircraft Specific

Information, Flight Routing Information, Route elements [Trajectory, Delays, Loitering points (CA operations must
include entry/exit points)]

ET
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Flight Plan Route(s) with a Cooperative
Area Use Case

> Leg 1-Assent

Shows a flight departing KSLC
(Salt Lake City, UT) and entering
the CA over Southern ID.

The aircraft operator will be involved in
cooperative activities during the “stay” in the
Cooperative Area (CA). It's shown over a part
of Yellowstone National Park.

> Leg 2-Descent

Shows a descent from a CA in
western MT and descending for
landing in KRAP (Rapid City, SD)
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Agenda

ETM Research Background

Research Objectives and Success Criteria
ETM System Architecture

Research Questions

Measures of Effectiveness (MOEs) and Measures of Performance (MOPs)
Test Matrix and Scenarios

Development Requirements

Roles and Responsibilities

Experiment/Test Environment and Facilities
Simulation Schedule

Data Analysis plan and metrics

Research Deliverables

Summary

Forward Work
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@ Background: ETM Collaborative Evaluation #1 (CE-1)

The concept of Cooperative Operating Practices (COPs):

 COPs emphasizes cooperative operation through intent-sharing supported by a UTM-like service-oriented architecture, has been
proposed and accepted by the ETM community.

* COPs may consist of various elements, such as procedures, processes, algorithms, and rules that operators have agreed to follow to
effect safe, equitable, and efficient cooperative operations

* However, details of COPs are currently lacking

In FY21 and FY22, several fundamental functions for cooperative operations were developed including
* Analgorithm to calculate minimum maneuver distance reflecting diverse vehicle types and performance
* A model for formulating probabilistic operational intent
* Analgorithm to calculate the probability of flight intent intersection
* A negotiation model for cooperative operations

Insights gained from this work are being implemented into a prototype research ETM system that consists of an ETM
Service Supplier (ESS) and a client that connects to the ESS.

The xTM sub-project plans to onboard partners for collaborative evaluation of the prototype research ETM system.
The first of this event is designated as Collaborative Evaluation #1 (CE-1). In CE-1, a version of COP prepared by NASA
will be evaluated using a prototype ETM system for enabling cooperative operations. Two additional CEs are planned.



ETM Research Roadmap

Category Functions CE-1 CE-2 E-3
ETM basic architecture | Cooperative Operating Practice procedure X X X
Operational Intent Model X X X
Strategm contlict Conflict Probability Calculation X X X
detection
Performance-based separation X X X
Fallback rules X X X
Predefined agreements X X X
Strategic deconfliction
Operational plan modification X X X
Dynamic negotiation X X
Operational state transition and transition criteria X (partial) X X
Conformance Off-nominal procedures w.r.t Operational Intent X X
Monitoring Off-nominal procedures w.r.t Cooperative Area X
Advanced vehicle state estimation X
Airspace traffic complexity X
Cooperative Area identification X
ETM-ATC interactions - )
ETM-ATC interactions procedure X X
ETM-ATC handoff HCI modeling, nominal case X X
X

ETM-ATC handoff HCI modeling, off-nominal case
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ETM CE-1 Research Objective and Success Criteria

e Objective: Invite ETM community partners to collaboratively evaluate a prototype NASA
research ETM system, which includes procedures and capabilities that can support
cooperative operations with increased airspace access:

e Operation plan to improve the effectiveness of intent sharing

e Capabilities to assess airborne risk between vehicles with drastically different performance
* Procedures to provide flexibility to operators and allow them change plans when necessary.

e Success Criteria
e To implement and test initial CE-1 ETM system with external/internal partner.
e Data is collected and all MOPs showed that the MOE is successfully achieved by using the
prototype ETM system.



Prototype NASA Research ETM System
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ETM System Architecture

Operator/Position

Airspace System

Data Management

NASA Simulated Partner Simulated *NASA can serve as an
Vehicle position Vehicle position Operator with partner-
feed position

NASA Partner
Operator Client Operator Client

\JARYAN Discovery and

Visualization

ETM Service Supplier Synchronization Service
(ESS) (DSS)

NASA
Universal Data Collector
(UDC)

v

Data Management/Database
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ETM CE-1 Research Question

Research Question: What information, capabilities, and procedures are needed for strategic conflict
identification and resolution under the COPs to safely improve airspace access for high-altitude
operations?
» Strategic conflict identification:
 RQ1.1: What is the effective way to identify strategic conflict for various types of vehicles?
e Using the intersection of operational intent volumes (Ols)?
* Or using the waypoint-plan-based conflict risk?
* Orusing the combination of both intersection of Ols and conflict risk?
 RQ1.2: What is the proper thresholds for conflict notification?
e Ol: containment confidence level (CCL), checking times, temporal range for each OlV,
update interval
* CR: risk threshold
» Strategic conflict resolutions:
 RQ2: What are the information needs for free negotiation (preliminary test in CE-1)
 Conformance monitoring:
 RQ3.1: Are the OIVs properly formulated for the operations to conform to?
 RQ3.2: Are the state transition and procedures based on the UTM ASTM standards still
applicable to high altitude operations?
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Key Definitions

Conflict:
* “Any situation involving aircraft and hazards in which the applicable separation minima may be
compromised” - FAA xTM Lexicon
* “Undesirable events arising from the proximity of vehicles” — AIA paper, August 2022.
 When two aerial vehicles are closer than a predefined distance threshold

Ol intersection:
* Intersection of two or more Operational Intent Volumes

Conflict probability:
* Probability indicator for conflict between two aerial vehicles
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@ Measure of Effectiveness (MOE) and Measures of Performance (MOPs)

MOE-1: xXTM sub-project effectively improve access to Upper Class E Airspace

MOP-1: Increased airspace capacity

MOP-2: Operations staying safely separated from each other

MOP-3: Percentage of valid notification of conflict

MOP-4: Flight containment performance
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Simulation Traffic Setup

The following simulated operations
to take place over Dixie County

2 Internet service operations
- 1 Solar-powered HALE aircraft
- 1 Airship

1 Earth observation operation
- HALE balloon

1 aircraft transiting to return to its |
base fore | e
- Fixed-wing (e.g., Global Hawk)

/ Rosood

Map data ©2022 Google, INEGI  United States T;s"’- "P.i"ivacy Send feedback 10 mi )|




Scenario 1:
No intersecting

Ols, low conflict
risk, no conflicts

Scenario 2:
Intersecting Ols, low
conflict risk,
no conflicts

Scenario 3:
Nonintersecting Ols, high
conflict risk,
conflict

Testing Matrix and Scenarios/Use cases

Scenario 4:
Intersecting Ols,
High conflict risk,
conflict

Scenario 5:
Nonconforming
Operation
(no conflicts)

Four vehicles:

1. Balloon

2. Airship

3. Solar Powered
Fixed Wing

4. Global Hawk

1. Operators 1,
2,3,&4
submit
operation
plans

2. Operators
perform
nominal
operations

1. ESS notification to the

operator of an Ol
intersection 3hrs. from
nNow.

. Operator decides to not

act on the notification
immediately.

. At 120 minutes from Ol

intersection, the
operator updates the
Ol (this includes
updating flight plan).

. The updated Ol

resolves the
intersection between
the two Ols.

. ESS notification to an

operator of a potential
conflict 3hrs. from now.
(e.g., CP = .4, while
notification threshold is set
to 0.3)

. Operator decides not to act

on the conflict notification
immediately.

. At 120 minutes from

predicted conflict the
operator starts free
negotiation and decides to
update the Ol (this includes
updating flight plan to
prevent the conflict) (e.g.,
CP=0.7).

. The updated Ol resolves the

conflict between the two
vehicles (e.g., CP =0.2) as it
is less than the predefined
threshold.

. ESS notification to an operator

of an Ol intersection and
potential conflict 3hrs. from
now (e.g., CP = .6, while
notification threshold is set to
0.3).

. Operator decides not to act on

the notification immediately.

. At 120 minutes from predicted

conflict the operator starts
free negotiation and decides
to update the Ol (this includes
updating flight plan to prevent
the conflict) (e.g., CP = 0.8).

. The updated Ol resolves the

intersection between the two
Ois and the conflict between
the two vehicles (e.g., CP =
0.1) as it is less than the
predefined threshold.

1. Operator 1 deviates
from Ol (transition
to Nonconforming).

2. Nonconforming
procedures
followed:

2.1 Operator 1 adds
Nonconforming
volume to Ol.

2.2 Nonconforming
operation shares
position updates
with other
operations.

3. Operator 1 back in
conformance.
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Scenario One

Conflict Risk

Balloon

.

Waypoint Plan

Solar-powered
Fixed Wing

Ol Intersection

<4+—— Operational
Intent

P

Airship

Global Hawk

No intersecting Ols,
Low conflict risk,
No conflict

1. Operators 1, 2, 3, & 4 submit
operation plans

2. Operators perform nominal
operations

Target research questions:
RQ1.1, RQ1.2
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Scenario Two

Conflict Risk

Balloon

.

Waypoint Plan

Solar-powered
Fixed Wing

Airship

Global Hawk

Intersecting Ols,
Low conflict risk,
No conflict

1.ESS notification to the operator
of an Ol intersection 3hrs. from
now.

2.0Operator decides to not act on
the notification immediately.

3.At 120 minutes from Ol
intersection, the operator
updates the Ol (this includes
updating flight plan).

4.The updated Ol resolves the
intersection between the two
Ols.

Target research questions:
RQ1.1, RQ1.2
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Scenario Three

Conflict Risk Ol Intersection

Conflict Probability | 60%

Airship

Balloon

Solar-powered

Global Hawk Fixed Wing

Nonintersecting Ols,
High conflict risk,
Conflict

1. ESS notification to an operator of an Ol
intersection and potential conflict 3hrs.
from now (e.g., CP = .6, while notification
threshold is set to 0.3).

2. Operator decides not to act on the
notification immediately.

3. At 120 minutes from predicted conflict
the operator starts free negotiation and
decides to update the Ol (this includes
updating flight plan to prevent the loss of
separation) (e.g., CP =0.8).

4. The updated Ol resolves the intersection
between the two Ols and the conflict
between the two vehicles (e.g., CP = 0.1)
as it is less than the predefined
threshold.

Target research questions:
RQ1.1, RQ1.2, RQ2
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Scenario Four

Intersecting Ols,

Conflict Risk High conflict risk,
Yes

Conflict Probability | 60% Conflict

1. ESS notification to an operator of an Ol
intersection and potential conflict 3hrs.
from now (e.g., CP = .6, while notification
threshold is set to 0.3).

2. Operator decides not to act on the
notification immediately.

3. At 120 minutes from predicted conflict
the operator starts free negotiation and
decides to update the Ol (this includes

Airship updating flight plan to prevent the loss of
separation) (e.g., CP =0.8).

4. The updated Ol resolves the intersection
between the two Ois and the conflict
between the two vehicles (e.g., CP = 0.1)

Balloon
as it is less than the predefined threshold

Target research questions:
RQ1.1, RQ1.2, RQ2

Solar-powered /
Global Hawk Fixed Wing




Scenario Five

Conflict Risk

Balloon

Solar-powered
Fixed Wing

Ol Intersection

Airship

Global Hawk

Nonconforming,
No intersecting Ols,
Low conflict risk,
No conflict

1. Operator 1 deviates from Ol (transition to

Nonconforming).

2. Nonconforming procedures followed:

2.1 Operator 1 adds Nonconforming
volume to Ol.

2.2 Nonconforming operation shares
position updates with other
operations.

3. Operator 1 back in conformance.

Target research questions:
RQ3
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Scenario-Research Question Matrix

BN
RQ1l.1

RQ1.2 X X X X
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Scenario-MOQOP Matrix

MOP-1
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CE-1 Development Requirements

Baselined Initial Set of CE-1 Requirements from xTM Systems Engineering Requirement Management
L2: Work Elements, L3: System Requirements, L4: Subsystem Requirements

Held Industry Focus Group Prototype ETM xTM Client Cultivate a Road Map of

to introduce NASA ETM and ESS ‘Process Steps’ to ETM concepts and system
concepts and elicit provide CE-1 software architecture that aligns
stakeholder input for CE-1 product requirements with FAA and Industry

( )

Inform Level 2,3 & 4
requirement changes
and new feature
requests for CE-1

(Developed file format\
for Operation Plan
submissions; including
operational intent and
\mission information...)

(Cooperative Operating\
Practices for
Situational Awareness
and Strategic Conflict
Management
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Roles and Responsibilities

ETM System for Information Exchange and Situational Awareness

e ETM Service Supplier
e ETM Operator Client

Industry Partners to Collaborate in Cooperative ETM Environment

e Technical connectivity- provide own simulation environment or operator client to connect and conduct actual operation
plan and operational intent submission to ESS system

® Procedural input- provide notional mission profile and vehicle performance capabilities and NASA builds operation plan
and operational intent for them and provides ETM xTM client to conduct actual submission to ESS system

Simulation Platform

e Simulated operational positions to provide ‘background and/or supporting’ vehicles in the scenarios
e Provide all trajectory performance for vehicles (unless industry brings own simulation environment)
* Provisions for data collection and visualization capability

Research Engineers and Simulation Managers

e Train participants on necessary technologies and procedures

Facilitate simulation schedule and use case development

Ensure system performance

Develop qualitative post-scenario and post-demonstration questionnaires




CE-1 Test Facility and Environment

Test Facility: Airspace Operations Lab (AOL)
* Operations Center for a series of Collaborative Evaluations (CE) in the advancement of Upper-Class E Traffic Management (ETM)
e Support CE-1 providing real-time visualization and demonstration of NASA developed software components for the ETM concept

* Provide accommodation for industry partner participation to manifest continued partnership with ETM cooperative airspace oper

ators

Test Environment:

FREDDIE provided ETM System

* ETM Service Supplier (ESS)
o Exercise Cooperative Operations in accordance with CE-1 test scenarios and test matrix
o Evaluate Operation Plan and Operation Intent Submission
o Evaluate Strategic Conflict Detection Technologies

o Exercise Cooperative Operating Practices (COP) for strategic de-confliction and negotiation

e ETM xTM Client
o Generate Operation Plan and Intent submissions in ETM ecosystem | | |
o Provide Common Situation Awareness of ETM cooperative airspace operations
o Facilitate necessary ESS messages, ESS exchanged ETM states, and COPs

Data Display Center

Conference Area

Simulation control source

e Multi-Aircraft Control System (MACS) - :l.i LB G E—'E - LN
o Provide diverse ETM vehicle trajectory and operation information ) @
o Generate “canned” Ol and/or waypoint plan for Ol submissions in ETM ecosystem é

o Enable unequipped industry partners to participate in CE-1 Airspace Operations

Research Engineers

Lab

®

@
o

@




@ Simulation Schedule*

Travel (1/2 day) Training Condition 1 Training Condition 2 Training Condition 3 Make-up Runs
Scenario 1 Run A Scenario 2 Run B Scenario 4 Run A Scenario 5 Run B
Break Break Break Break
Discussion/ Discussion/ Discussion/ Discussion/
Questionnaires Questionnaires Questionnaires Questionnaires
Lunch Lunch Lunch Lunch

CE-1 Intro Brief Scenario 1 Run B Scenario 3 Run A Scenario 4 Run B Exploration Runs?
Discussion Discussion Discussion Final Debrief

Set-up/Procedures ) /. ) /. ) /. . : /
Questionnaires Questionnaires Questionnaires Questionnaires

Break Break Break Break Travel

Overview of Lab Scenario 2 Run A Scenario 3 Run B Scenario 5 Run A

Connectivity Test/ Discussion/ Discussion/ Discussion/

Practice Run/ Questionnaires Questionnaires Questionnaires

Practice Procedures Wrap-up Wrap-up Wrap-up

* TBD based on partners and level of participation and final test scenarios (duration to show desired condition)
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Data Analysis Plan and Metrics

MOP Title MOP Description Dat? Quantification Methodology Data Required SuF cefss
collection Criteria
Maximum number * Vehicle Positions in 4D (lat, Ing, alt,
MOP-1: Increased of strategically deconflicted vehicles inthe  UDC max(# of simultaneous strategically time) 51
airspace capacity stationary ALTRV test area (40 mile x 40 deconflicted operations) * Coordinates of the ALTRV test Area and
mile) at the same time its start and end time

MOP-2: Operations Two vehicles are defined in + Vehicle Positionsin 4D {lat, Ing, alt;

staying safely separation violation if the distance between Count the total number of pairwise losses .
. .. ubDC ; time) =0
separated from each  them is less than the minimum of separation. . A .
. * Minimum allowed pairwise separation

other allowed separation.

For each notification of Ol intersect, high CP, For each notification type (Ol intersect,

or both, determine whether a conflict high CP, or both): [120-180] min:

would occur if no action is taken. > 70%

(# of valid notifications for this

MOP-3: Percentage "Valid notification": notification is received notification type)/(total # of notifications « Time historv of notifications [60-120) min:
of valid notification of and conflict will occur if no action is taken.  UDC for this notification type) * 100 . . v . > 80%
conflict * Time history of operational plan

The percentage of valid notifications will be The result of the above equation will be [0-60) min:

broken down into 3 categories, based on categorized by the time to > 95%

the time to potential conflict: potential conflict:

[120-180] min; [60-120) min; [0-60) min [120-180] min; [60-120) min; [0-60) min

* Vehicle Positions in 4D (lat, Ing, alt,

MOP-4: Flight . . . i . . time)
S —— The pe.rcentage of fll'gh.t time that an UDC ((tlmej within Active volumes)/(total flight S e e G e e GuEETe o= 95%

operation stays within its Ol. duration)) x 100 .
performance * Coordinates of flown Ol volumes and

their start and end times

The Data Management Plan will identify the data generation, collection, verification, analysis/visualization, and storage/retention
requirements. The data generation/collection requirements for CE#1 will be based on the MOPs and contextual data requirements as
necessary.
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@ Research Deliverables

* Deliverables for the xTM subproject Milestone: Conference papers or technical
reports that capture the analysis results of collaborative evaluation of cooperative
operations for high altitude operations

* Engineering Working Group (EWG) Research Transition Product (RTP) #5:
Document for upper Class E Rules of the Road Analysis & Recommendation



Summary

ETM CE-1 aims to advance the state of the art in high-altitude operations by
collaboratively evaluating the prototype NASA research ETM system and the concept of
Cooperative Operating Practices for strategic conflict identification and resolution

Outcomes and findings will be shared with the community.

Progress has been made in Partnership agreements
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@ Forward Work

Non-reimbursement Space Act Agreement building with potential ETM CE-1 participants
Scenarios adjustment after knowing more about participants’ capabilities
Development of ESS, XTM client, and new capabilities.

Refinement of MOP, simulation schedule, and data analysis plan
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NEGOTIATION MODEL
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« ETM is based on shared flight intent and data exchanges between
operators, stakeholders, and service providers.

* ETM is supported by defined COPs as well as applicable rules,
regulations, and policies. ATC does not provide separation services
to cooperatively managed operations.

. » COPs cover multiple aspects of the operations, including conflict
coo pe ratlve management, equity of airspace usage, and demand/capacity
- balancin
Operating ’
M » COPs can address, for example:
Practices i

« Strategic planning processes
 |dentification and resolution of conflicts

 Procedures for off nominal and contingency situations '
* Interactions with ATC where applicable
» Day 2 COPs development will focus on Cooperative Areas /
Management, Transfer of Services, and Technological
Capabilities to support ETM /
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Directions to
Building N262

* Counter-clockwise around
traffic circle

* First right onto DeFrance Ave
and proceed straight

e After Hunsaker Rd
intersection, enter the second
parking lot on the left

* We will have some folks
available to escort to the lab

Lo
: 03]
o
=

-~

Stevens
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Day 2: Agenda

Objective: Continue COPs development for ETM operations

All

Time (PST)

9:00 - 9:15

10:15-10:30

10:30 - 11:30

Welcome & Regroup
Outcomes of NASA & FAA COPs Development Working Sessions

Break

COP Breakout Session #1
Cooperative Areas Management & Transfer of Services

COP Breakout Session #1 Debrief

Lunch

COP Breakout Session #2
Technical Capabillities to Support ETM

COP Breakout Session #2 Debrief
Break

Next Steps & Closing Remarks

FAA/NASA

Industry

Industry

Industry

Industry

All
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Day 2 Overview

* COPs development summary
* Breakout sessions

* Desired input

* Desired outcomes



Breakout Sessions

Session 1

» Cooperative Areas Session
* Previous industry engagement sessions focused on operations management within
CAs (sharing of airspace, separation management)
 This session will focus of the requests for, establishment of, reconfiguration to, and

deletion of CAs

* Transfer of Services Session
 Session will explore transfer of control between ATCE and CCE environments from

both ATC and operator perspectives

INFO-CENTRIC
FUTIOMAL AIRSANCE SeSTRY
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Breakout Format

* Open Discussion

* Discussions will be facilitated through presentation of materials designed to explore
Cooperative Areas

* Participants are encouraged to
 Provide inputs based on their area of specialized knowledge/expertise

« Converge on thinking for how high altitude operations can be conducted safely and efficiently in
cooperative manner

 Capturing Inputs/Notetaking
 Record inputs and overall discussion

* A recap of the discussions will be presented at the debrief

INFO-CENTRIC
FUTIOMAL AIRSANCE SeSTRY
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BREAKOUT SESSION 1

Please proceed to your assigned room

85



BREAKOUT SESSION 1
Debrief

86
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Breakout Sessions

Session 2: Technical Needs in ETM

* Altitude Referencing/Weather

 Need for a common altitude reference and considerations to account for in
operations

 Discussion of wind and weather data integration for ETM operations
« Communications, Navigation, Surveillance (CNS)

 Session will explore the CNS needs and challenges operating in the stratosphere
across prolonged distances and time

INFO-CENTRIC
FUTIOMAL AIRSANCE SeSTRY
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BREAKOUT SESSION 2

Please proceed to your assigned room
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BREAKOUT SESSION 2
Debrief

90
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Day 2: Closeout

* Next steps
* Closing Remarks
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