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Overview

A U.S. SpacBased Positioning, Navigation and
Timing (PNT) Policy Activities

A GPS Modernization Update

A Key NASA GPS/GNSS R&D Interests



U.S. Spac®ased PNT Policy

GOAL: Ensure the U.S. maintains space-based PNT
services, augmentation, back-up, and service denial
capabili ties thaté

A Provideuninterrupted availabilityof PNT services

A Meet growingnational, homeland, economic security, and civil
requirements, and scientific and commerai@mands

A Remain the preeminent military spacéased PNT service

A Continue to provideivil services that exceest are competitive
with foreign civil spac®ased PNT services and augmentation
systems

A Remain essential componentsiofernationally acceptedPNT
services

A Promote U.Stechnological leadershiim applications involving
spacebased PNT services




U.S. Spac®ased PNT

Organization Structure
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( Defense
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GPS International Engineering Forum
i Ad Hoc
Working Group CoChairs: Defense, Working Groups
Chair: State Transportation

NAS A0 s Th&NASA Administrator is tasked, in cooperation with the Secretary of
Commerce, to develop and provide to the Secretary of Transportation requirements
of GPS and its augmentatimrespport civil space systems.
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U.S. Policy Promotes

Worldwide Use of GPS/GNSS Technology

A No direct user feefor civil GPS services
I Provided on a continuous, worldwide basis

A Open, publicsignal structures for all civil services

I Promotesequal acceskor user equipment manufacturing,
applications development, and vahkaelded services

I Encourages opemarketdrivencompetition
A Globalcompatibility and interoperabilityith GPS

A Service improvement®r civil, commercial, and
scientific users worldwide

A Protectionof radionavigation spectrum from disruption
and interference




U.S. Initiatives Towards Greater

International GNSS Interoperability

Bilateral Meetings led by the U.S. Department of State

AU.S:Japan Joint Statement on GPS Cooperation in 19
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to be fully compatible and highly interoperable with GPS

i Bilateral agreements to set up QZSS monitoring stations in
Hawaii and Guam. Guam station completed!

AU.S-EU GP$alileo Agreement signed 2004
I Four working groups were set up under the agreement
i Improved new civil signal (MBOC) adopted in July 2007
I First Plenary Meeting successfully held in October 2008
i Planning now for next Plenary meeting in 2010

AU.S:Russia Joint Statement issued in Dec 2004

i Negotiations for a U.SRussia Agreement on satellite
navigation cooperation underway since late 2005

I Working Groups on compatibility/interoperability, search ang
rescue

AU.S:India Joint Statement on GNSS Coop. in 2007

ATechnical Meetings focused on GIR8ia Regional
Navigation Satellite System (IRNSS) compatibility ang
interoperability held in 2008 and 2009

AU.S:China operatofto-operator coordination under
ITU Auspices

International Committee on GNSS / GNSS Providers Forul

9dFollowing the Th|rd United Nations Conference on the
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General Assembly endorsed the "Vienna Declaration: Sy
aAftSyyAdzy F2NJ I dzYly 5S@S

ADept of Statded US delegation to work in collaboration
with other provider agencies to create the ICG and PF in
order to engage GNSS provider agencies in multilateral
discussions leading wompatibility, interoperability and
transparency of all systems

AMembers:China, European Commission, India, Japan,
Russian Federation, US

AAssociate Members (ICG opl\EUPOS, EUREF, FIG, IAG
IGS, UNOOSA

AObservers (ICG onlyRIPM, IAIN, ARCSSHECRASTILE,
CRECTEALC, ICAO, EUROCONTROL, SGAC

ASecretariat UN Committee for the Peaceful Uses of Oute
Space

AWebsite:

| http://www.00sa.unvienna.org/oosa/SAP/gnss/icg.html

ALast meeting |ICG4 on 1418 September, 2009 (St.
Petersburg, Russia)

i Bilateral Meetings at Geneva, June 2007; Xian, China, May
2008; Geneva, Oct 2009

ANext meeting ICG5 in 18¢ 22 October 2010 (Turin, Italy)
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NASA-JAXA 2009 Agreement

AGPS / QZSS monitoring station at Kokee
Park, Hawaii

AOverall goal to improve interoperability

Kokee Park
Geophysical
Observatory

Asia-Pacific Economic Cooperation (APEC) Japan 2010
GIT/13 goals:

Amproved feedback to providers from non-
government users of GNSS

Amproved infrastructure so as to develop better
mapping capabilities in Asia and Latin America

Amproved collection of data to demonstrate the . g
benefits of GNSS JAPAN 2010

GPS for Rendezvous with the International Space Station

AH-Il Transfer Vehicle (HTV) to determine its relative position and velocity to
the ISS using Relative GPS while communicating interactively via the
Proximity Communication System (PROX)

Alnitial tests on HTV-1 Mission to ISS in 2009
AHTV-2 Mission in 2011



http://iss.jaxa.jp/en/htv/images/mission_logo_800.jpg
http://www.apec.org/
http://www.apec.org/
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Increasing System Capabilities E Increasing Defense / Civil Benefit

Block HA/IIR Block IR -M, IIF Block 1l
Basic GPS Modernized GPS Next Generation
wSta_ndard Service IRM: IIA/IIR capabilities plus wBackward compatibility
G Single frequency (L1) w2nd civil signal (L2C) w4th civil signal (L1C)
C Co(;;\rse valiISItlon (CIA) " M-Code (LIM & L2M) wlncreased accuracy
code navigation - wincreased antjam power
wPrecise Service IIE 1IRM capability plus wAssured availability
¢ Y-Code (L1Y & L2Y) w3rd civil signal (L5) wNavigation surety
¢ Y-Code navigation wAnti-jam flex power wControlled integrity

wlincreased security
wSystem survivability 8



2008 SPS Performance Standard

i SPSSignal in Space Performance
(Worst of any SPS SIS URE)
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_______________ sight to the user
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Selective Availability (SA)

(RMS over all SPS SIS URE)

RMS Signal-in-space User Range Error (URE), meters




30 Operational Satellites
(Baseline Constellation. 24)

A 11 Block lI1A
A 12 Block IIR
A 7 Block IRV

I Transmitting new second civil signal
I 1 additional GPS HM in onorbit testing

A 3 additional satellites in residual status

A Next launch: First Block HMay 20, 2010 §

A Global GPS civil service performance
commitment met continuously since
December 1993
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GPS Extends the Reach of NASA Networks

for Space Ops and Science Missions
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GPS services already enable:

ARealtime OnBoard Autonomous ‘ \
Navigation: Allows NASA to
Yl E 7\ Y?\ | S U K S d I f Terrestrial

t

spacecraft and reduces the burden ServiceVolume
and costs of network operations. | —
also enables new precise methods of ,'
spaceflight such as formation flying :
(ESA ATV, HTV, Dragon/Sp#Ace \

Orion, etc.). 1
Space |
Service Volume /
AAttitude Determination: Use of GPS E“;z%g;gg\]gggd;:) )
enables some missions to meet their “ "  Space fceﬁvriffoﬁ'%?ﬁude@
attltrl:de (ilgtsermlnatlon requirements, 2 8,000 t0 36,000 km
such as . @

AEarth SciencesGPS used as a remotedApproximately 95%f projected worldwide space
sensing tool supports atmospheric missions over the next 20 years will operate within
and ionospheric sciences, geodesy, the GPS service envelope
and geodynamics from monitoring
sea level heights and climate change ANASA is investing over $130 milliover the next 5
to understanding the gravity field. years in support of GPS R&D and implementation

support NASA operations and science missions



GPS Space Service Volume: LEO and Beyo

ATerrestrial Service Volume (TSV)

LEOX o0 X n Ehmaradteyisiics
I PNT performance consistent with terrestrial users & .
I Uniform received power levels Geosyne Spacecff
I Fully overlapping coverage of GPS main bea. 35887 km /
I Instantaneous point position navigation solutions LE% ggti]tl.;des
<3, m

1 100% GPS coverage for < 1 meter URE

ASpace Service Volume (1): Medium Altitudes ——
(3,000¢ 8,000 km) Lobes

I Four GPS signals usually available simultaneously,
however poor geometry & coverage gaps cause harm

i 1 meter accuracies still feasible, however space GPS
receivers have more difficulty processing than TSV~ ___ . N\ NG

i GPS performance degrades with altitude due to 20,183 km ~T
geometry and classic near/far problem '

Earth Umbra

Main Lobe
{~47° for GPS L1 signal)

ASpace Service Volume (2): High/GSO Altitudes (886,000 km) .
I Users will experience periods when no GPS satellites are avajlBbiat Positioning no longer available
i Nearly all GPS signals received over limb of the Eatigh variability in signal strength and beam paths
I Received power levels are weaker than those in TSV or MEQSH&/Lobe processing needed

I Specially designed receivers will be capable of maintaining accuracies ranging {i®® m@ters depending on
receiver sensitivity and local oscillator stability






