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‘Enhance Capabilities for

Assured Access To Space:
NATIONAL SPACE POLICY

of the . .
UNITED STATES of AMERICA Enhance operational efficiency,

increase capacity, and reduce

launch costs by investing in the
modernization of space launch




FAA Administrator's Priority Initiatives 2>




2025 Space Activity Projections PN

Air Traffic Operations ~18% over  Annual Space Operations
2012 ~5,000-10,000 ’
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Current Shortfalls oD

FAA currently lacks sufficient capabilities to
accurately model NAS impact of space vehicle
operations during the planning phase.

Lack of real-time space vehicle tracking
capabilities in FAA systems results in
decreased efficiency and missed
opportunities for improved safety methods.

FAA currently employs airspace management
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Pre-Mission Planning oS
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‘Real-Time” Position Information

/2 SpaceX Dragon - Windows Internet Explorer =101 x|
e Spacex.com, %! Certificate Error | 4
: g «
—_—-
SPACE .
Latitudel 16.9285° 16° 55' 43" X| -8686.6 mph I -12740.3 ft/s
Longitudel 104.2580° I 104° 15' 29" Yl -6271.6 mph I -9198.3 ft/s

Altitude |~ 1190143.2 ft z| 123250 mph [ 180767 fiss

Playing - Click to Pause

Web Portal to SpaceX




Shuttle Columbia Debris Dispersion

Breakup of ST3-107
ACTA INC.

[ime: 200.00 sec rragnent cour b
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« The 2003 Columbia accident illustrated a need to better
manage the risk to aircraft flying near the potential debris
hazard associated with space vehicle operations

- FAA ATO procedures existed for Shuttle landings prior to R
Columbia, but they did not address the hazards to aircraft
of falling debris

CAASI6

A\ - coa1710
C0A282
COABSS
DAL1055
DAL2137
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Recent Falures o

SpaceShipTwo
October 31, 2014
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NAS Impact - Launch

Reroute FEA/FCA Tools

Weather
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Maps
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NAS Impact - Launch
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SVO Concept of Operations

The NextGen Space
Vehicle Operations Space Ve - Operations
Concept of Operations CONCEPT OF OPERATIONS
identifies new procedures .
and capabilities that are
envisioned to improve the

AUGUST 2014
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Desired Improvements




STC with Conditional Preemptive Segregation

Nominal gliding SV TMIs to modulate traffic density may
NAS Automation Boundary trajectory allow some aircraft to enter an active
STC =

Class A airspace Q) $>

Top-down view 4.
m TFR used below 18,000 ft i

ST1C is derived from:

SV trajectory analysis — determines the volume(s) of airspace necessary to contain the
SV trajectory and its normal variations

. SV hazard analysis — determines the volume of airspace necessary to ensure the




Pre-Activation Phase

Begins when high certainty launch
or reentry time is received from
the operator

Alrcraft operating in the STC are
allowed to exit on their planned
route

No additional aircraft are allowed
to enter STC

P

Pre-Activation Phase
Time = T minus X

’

Footprint of Space

Time needed to clear STC < X
Safe to enter STC /
Transition Corridor (STC)

Time needed to clear STC > X
Unsafe to enter STC

Activation Phase
Time = Space vehicle launch

STC activated

_____ >
.

Deactivation Phase
Time = Space vehicle has cleared STC




(Mid—term View Far-term View\

(Medium probability of (Low probability of
catastrophic SV Y o —) » catastrophic SV
failure) failure)

" Reactive separation from
{  anactual off-nominal Reactive separation
Class A airspace @ 777777777777 hazard qfﬂ not required
\ L TER ‘ L TFR }




Reactive separation oS

o Reactive separation from a
hazard begins when ANSP
receives indication of off-nominal
event (e.q., breakup)

— Data from surveillance,
onboard sensors, or other
communication from SV
mission control system

1 1
cyuiIpPpPEel WITN
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f an off-nominal event occurs, ANSP automation provides the following:

Calculation and display of hazard volumes
Trajectory solutions that prevent flights outside the hazard volume from entering it

Ranked trajectory solutions for clearing affected NAS traffic from the hazard
volumes

Two Scenarios for Vehicle
Position at Breakup

Debris field location at
plus-times from SV breakup

Upper NAS Boundary

Predicted hazard volumes aggregated for high
altitude sectors

Predicted hazard volumes aggregated for low
altitude sectors

Surface
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o [evels of risk are identified and support developing ranked

trajectory solutions
e Also available to pilots of aircraft with access to SWIM for

situational awareness
— AIC is responsible for coordinating hazard avoidance maneuvers

Plan view depiction of actual deb
hazard volume

Increasing risk o




Expected Benetits o
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Additional NAS airspace management options provide flexibility to ANSP
and operators.

Improved NAS efficiency (fewer delays, reduced fuel burn and emissions)
due to:

— Off-nominal hazard analysis methodologies that decrease the size of

the hazard volume and/or enable traffic to enter potential hazard
volumes when modulated by TMIs.




SVO Human-in-the-Loop Experiment 2>

October 21-30, 2014

FAA Technical Center




SVO HITL At-a-Glance P
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DATES October 21-30, 2014

PARTICIPANTS 8 En Route Air Traffic Controllers

2 En Route Traffic Management Coordinators
2 Command Center Specialists

2 Traffic Management Officers

FIELD FACILITIES Albuquerque ARTCC Seattle ARTCC
REPRESENTED Los Angeles ARTCC Indianapolis ARTCC




Human-in-the-Loop Environment o

7DV Sectors 18 & 67 |

Spaceport /
Command Cente Mission Control

/DV TMU \\/
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ERAM and TSD Capabllities o

(1) Real-time tracking of space vehicle with 1 second refresh rate
(spacecraft only)

@ Space Transition Corridor (STC) and status displayed :
a) Pre-Notification Phase
b) Pre-Activation Phase
() Active Phase

ERAM TSD
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Display Maps Flights Alerts Weather Reroute FEA/FCA CTOP Tools

Times x
Current: 1626

Flights
CIWS ETOP: 1625
Lightning: 1625
NAS Monitors: 1625




Display Maps Flights Alerts Weather

Reroute FEA/FCA CTOP Tools

SQ6099
48 E45X/L
8 ASQB073

ASQ4264 295 E145/L
294 E45X/L

226 B752/L

35358 GLABSD
183 B1S0/A
417256
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AWEBS0
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Current: 1631
Flights: 1630
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Lynx Suborbital Vehicle




o

“Denver Spaceport”, used in the HITL, is a fictional spaceport
located southeast of Denver International Airport
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SVO Human-in-the-Loop oD

\ . wo« ZDV Sector 18 ZDV Sector 67

Two adjacent sectors including one radar
controller and data controller each




SVO Human-in-the-Loop

3 in consoies
i , -
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SimTime: 00:40:31
uTC: 124332




SVO Human-in-the-L.oo oD
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New “SVO”
enu Selection

(Trafﬁc Managers can enter
Launch / Reentry times
when notified by Mission
Control
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SVO Human-in- the- L00p

PRE-ACTIVATION
STC

High Certainty
Launch Time has
been received 10
minutes prior to
launch

Dashed orange
boundary

Only aircraft that
can exit before the

N |

launch/recovery are

in the STC
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COUNTDOWN TIMER

SVO Human-in-the-Loop o
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SVO Human-in-the-Loop

= Solid boundary |
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SPACE VEHICLE
- Full data block ——

1-second update
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SVO Human-in-the-Loop

| SVO_DRGN_STC - FEA/FCA Timeline (| X

Functions

I Fiters| 19022 TOTAL Counts
w X L " ete Flights: 13

svo.oRoN_sTe

gi912 1917

o
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SVO Human-in-the-Loop

¥

G+” Indicates altitude inL
Tens of Thousands
_ e.g.760,000 feet ) <"
B, .
= 2, 3 1/23“"’"&

o0 S
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man-in-the-Loop
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SVO Human-in-the-Loop

Display Maps Flights Alerts Weather Reroute FEA/FCA Tools SVO
Flight Count | X

Arr | Dep |Actv Visib

ALL_JALL | 1684] 5

Planning Volume bounds all
possible off-nominal hazards
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SVO Human—m the- Loop PN

Reroute

Space Vehicle data block

ﬂelp

Functions

shows last known altitude .
e and speed before breakup

Functions Help
iters| 17522 TOTAL Counts [
\ SVIO_LYNX_HV_S
360

Discrete Flights: 1
1
'r
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\',
\
III % k
\ 4
Functions Help x N : p
U e -+
|II - —
| T
™3

ilters 17522 TOTAL Counts
Discrete Flights: l)

Debris Hazard

Gpace Vehicle target circled with | Vf)lumes 'nCIlfde

dashed red line and frozen at MS dalg't_Ude_fl ?O”d Umest

location of breaku \_aebris will be present
P A T

| 3
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SVO vs. Legacy Hazard Areas o
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SVO vs. Legacy Hazard Areas

Display Maps Flights Alerts Weather Reroute FEA/FCA Tools SVO
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~Y11-12 Funding

= X o

Research: Funding:
FY11 - SVO Shortfall Analysis $ 300K
FY12 - 4D Protected Volumes 130K
FY12 - SVO Concept of Operations 425K
FY12 - SVO Debris Threat Mitigation 800K
Total FY11 - FY12: $ 1.655M

Vendor:
EIS/Crown @
Stanford

Boeing/Mosaic
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~Y 13 Funding oD

Research: Funding: ~ Vendor:
FY13 — SVO Debris Threat Mitigation $ 200K ACTA
FY13 — NAS Impact & 4D Volumes 140K Stanford
FY13 — Debris Mitigation HITL 500K  NIEC/Volpe

Total FY13 PLA: § 840K
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~Y 14 Funding oD

Research: Funding: ~ Vendor:
FY14 —SVO Data Exchange Requirements $ 300K MITRE
FY14 — SVO AIXM/FIXM Development 400K  Volpe/Mosaic
FY14 — SVO Concept Engineering Support 100K ACTA

Total FY14 PLA: S 800K




Future SVO Funding o

Planned Research: Funding (est): Vendor:
SVO 4D Trajectory Concept Development S 100K Stanford
SVO Mini-Global Il Demonstration Scenario (2016) 200K Volpe/Mosaic
Super 60 (requirements for operations above FL600) 550K TBD
SVO HITL #2: Low Altitude Debris Mitigation 1500K TBD
SVO ConOps v2.0 Update 425K TBD

SVO HITL #3: Oceanic Operations 1350K TBD
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Legend Plz:n Completed In Progress l Overdue i ‘ Milestone
T FY2014 FY2015 FY2016 FY2017 FY2018 FY2019
Program / Initiatives
Q4 ai 2 | aa ar | a2 [ a3 [ e a1 Q2 a3 aa at [ a2 [ [as [ar [ a2 [ @3 [
1 1 T L 1 A L] T 1 T
1 || SVO HITL#2 1 1 1 1 1 1 1
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|
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Develop 4D Compact Envelopes D

Objective:

Through the COE (ST, continue development of the 4D Compact Envelope
concept in an operational context, including Air Traffic Management procedures

Activities:




4D Compact Envelopes oS




NextGEN

),
D
()
O
D
p
C
1]
I_L
O
®
()
-
®
O
()
4




Develop Data

—xchange Requirements =

Objective:

|dentify data and information exchange requirements for managing space
vehicle operations in the NAS under NextGen.

Activities:

Mapping of SVO Scenarios to NextGen Operational Improvements

NextGEN
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Exchange Model

Operational Input o

Objective:
Provide operational input to AIXM/FIXM Version 5.0 for SVO data elements

Activities:

Draft Proposal to FIXM Change Control Board
Develop SVO Scenario
SVO Scenario Cognitive Walkthrough

A

VOLPE w MOSAIC
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Mini-Global Il Demonstration oD

Objective:

Demonstrate a real-time space mission data exchange in a collaborative
SWIM environment at Mini-Global Il (April 2016)

Activities:
Develop an SVO Scenario for Mini-Global

A
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