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GPS is Essential to Our Economy and
National Critical Infrastructures
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U.S. Policy History

President announces civilian access
to GPS following KAL 007

U.S. offers free civil GPS service to
the International Community

First U.S. GPS Policy establishes
joint civil/military management

U.S. law provides civil GPS access free of direct user fees
President ends use of Selective Availability

President issues U.S. Policy on Space-Based PNT
Agreement signed on GPS-Galileo Cooperation

President announces Selective Availability eliminated from
future GPS Il satellites

New National Space Policy provides high-level PNT guidance
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U.S. Space-Based PNT
Organizational Structure
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U.S. Space-Based PNT Policy

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

Meet growing national, homeland, economic security, and
civil requirements, and scientific and commercial demands

Continue to provide civil services that exceed or are
STAY COMPETITIVE competitive with foreign civil space-based PNT services and
augmentation systems

Remain essential components of internationally accepted
PNT services

Promote U.S. technological leadership in applications

LEAD TECHNICALLY involving space-based PNT services
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June 2010

 Provide continuous worldwide access for peaceful
uses, free of direct user charges

President Obama’s Space Policy

 Encourage compatibility and interoperability with
foreign GNSS services

* Operate and maintain constellation to satisfy civil
and national security needs

- Foreign PNT may be used to strengthen resiliency

* Invest in domestic capabilities and support
international activities to detect, mitigate and
increase resiliency to harmful interference

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



GPS Constellation Status

Baseline Constellation = “24 Expandable”

* Very robust constellation; exceeds user requirements

« 31 satellites currently in operation

11 GPS IIA

12 GPS IIR

7 GPS IIR-M

1 GPS IIF (set “healthy” 26 Aug 2010)

e 3 additional satellites in residual status

* 1 additional IIR-M in test status

* Global GPS civil service performance commitment
met continuously since December 1993
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Modernization Path -
GPS Space Segment

1978 - 1985

1989 - 1997 1997-2004

2005 - 2009

2014 - 2024

2010 - Present

Block | Block II/IIA Block IIR Block IIR-M Block IIF Block Il
11 (10) Satellites 28 Satellites 13 (12) Satellites 8 Satellites 12 Satellites 32 Satellites
Demonstration Basic GPS IIA/IIR Capabilities IIR -M Capabilities

IIF Capabilities “Plus”

system Provides Initial Navigation Capabilities “Plus” “Plus”
* L1 (CA) Navigation * Std Service « 2" Civil Signal L2 * 3 Civil Signal L5 A
signal * Single Frequency (L1) (L2C) * Reprogrammable * Increased accuracy

* L1 & L2 (P Code)
Navigation signal
* 5 Year Design Life

* C/A code navigation

* Precise Service

* Two frequencies (L1 & L2)
* P (Y) -Code navigation

* 7.5 Year Design Life

* Earth Coverage
M-Code on L1/L2

* L5 Demo

* Anti-Jam Flex
Power

* 7.5 Year Design
Life

Nav Processer

* Increased Accuracy
requirement

* 12 Year Design Life

Increasing Space System Capabilities - Increasing Civil User Benefits
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* Increased Earth
Coverage power

* 15 Year Design Life

* 4 Civil Signal (L1C)

]33
* Real-time
Communications

e
* Navigation Integrity
* Spot Beam for Al




% GPS Operational Control Segment (OCS)

Alaska
¢
England‘
chgﬁ)\lreii%FB ‘S Korea
Vandenberg AFB
A Calfornia )] 0&]7 ‘USNO
c
Hawaii c’Cgﬁgveral ‘
Bahrain O.
Q Kwajalein
Ecuador
CH
‘ Asc%on Diego Garcia
¢
‘Argentina S Africa ‘
Australia
New
Zealand
WAntenna zltg't‘il;?‘r 4 O Master Control Station © OCS Monitor Station
N e @ Backup Master Control Station 4 NGA Monitor Station
Master Control Station B Ground Antenna (} Future Monitor Station
(Schriever AFB)

NATIONAL COORDINATION OFFICE FOR SPACE-BASED POSITIONING, NAVIGATION & TIMING 10



Modernization Path -
' GPS Control Segment

1978 - 1985 1989 - 1997 1997- 2004 2005 - 2009 | 2010-Present | | 2014

Block | Block Il/IIA Block IIR Block IIR-M Block IIF Block 11l
Architecture Evolution
Legacy Control System Plan (AEP) OCX
* Master Control System (MCS) * Distributed System * Net Centricity
* Tracking, Telemetry & Control (TT&C) * Launch, Anomaly, Disposal Ops * Control for GPS I
* L1 & L2 Monitoring (LADO) * Monitors all GPS
* Satellite health and welfare monitoring * Increased capacity for signal signals
* GPS signal performance monitoring ( P(Y) code only) monitoring * Legacy plus L1C,
* Satellite navigation payload analysis *lIR, lIR (M), IIF L2Cand L5
* Increased worldwide commanding * Flex Power
capability * Real-Time C2
*New MCS/AMCS
* Flex Power

Increasing Control Segment Capabilities - Increasing Civil User Benefits
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Nationwide Differential GPS

Nationwide DGPS
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September 2009

 Expansion of maritime differential GPS (DGPS) network to
cover terrestrial United States

e Built to international standard adopted in 50+ countries
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National Continuously Operating
Reference Stations (CORS)

 Enables highly accurate, 3-
D positioning

- Centimeter-level accuracy

- Tied to National Spatial
Reference System

e 1,300+ sites operated by
200+ public, private,
academic organizations

e NOAA'’s Online Positioning User Service (OPUS)
automatically processes coordinates submitted via the web
from around the world

* OPUS-RS (Rapid Static) declared operational in 2007
* NOAA considering support for real-time networks
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U.S. GPS Augmentation Programs
Designed for Aviation

PP

Enroute Enroute
Oceanic j Domestic
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Wide Area Augmentation System (WAAS)
Architecture
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WAAS Geo Satellites

AMR at 98° W
(PRN-133)

CRW at 103.7° W
(PRN-135)

Current WAAS GEO
Coverage

Coverage After CRW
Failure
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Coverage After Integration of
POR Satellite
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GPS/WAAS Performance

WAAS
GIZS | GPSI L PV-200 WAASI
Standar Actua Standard Actua
Horizontal 95% 36 m 2.74 m 16 m 1.08 m
Vertical 95% 77 m *3.89 m 4m 1.26 m

* Use of GPS vertical not authorized for aviation without
augmentation (SBAS or GBAS)

WAAS Performance evaluated based on a total of 1,761 million samples
(or 20,389 user days)
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Precision Agriculture
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% Achieving Precision Accuracy

NavCom / Starfire Receiver
« 20 cm horizontal accuracy
30 cm vertical accuracy (2 sigma - 95%)

————— I T l—Vonlul
Mean Error (meters) . e E a8t
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The World of Space-Based
Positioning, Navigation and Timing

- GPS (US) - WAAS (US)
- GLONASS (Russia) - EGNOS (EU)
- Compass (China)* - GAGAN (India)*
- QZSS (Japan) - GBAS

- IRNSS (India)* - NDGPS

- CORS

- 1GS _

- Civil Signal Monitoring * Future*
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Global SBAS Coverage

WARS 95% LEV and 99% ENP 0.3 SBAS Avallakility Contours
i - I

T R N e

T

Latitude

we ~ 95% LPV Availlability
—&0 - - - 99% RNP 0.2 Availlability —
-80 mﬁ,dh_{_é i3 | | | |
=150 —100 —50 0 =) 100 150
wm'd'an' TFQ ¥ﬁm Center Longilitude

NATIONAL COORDINATION OFFICE FOR SPACE-BASED POSITIONING, NAVIGATION & TIMING 21



International Augmentations

> 0

Internatioal G

NSS Service Global Differential GPS System
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Summary

e GPS performance is better than ever and will
continue to improve

- Augmentations enable even higher performance
- New civil GPS signal available now
- Many additional upgrades scheduled

e U.S. policy encourages worldwide use of civil GPS
and augmentations

- Permits U.S use of foreigh PNT to increase resiliency

* |International cooperation is a priority
- Compatibility and interoperability are critical

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

24



/2 Global Positioning System - Windows Internet Explorer

(]S

W ‘ec!obal Positioning System

gov, /spanlsh html

English | Espaiiol | Franc:

Al Servicio del Mundo

1Sistema de Posicionamiento Global (SPG) es un sistema de
radionavegacion de los Estados Unidos de América, basado en el
espacio, que proporciona servicios fiables de posicionamiento,

| navegacion, y cronometria gratuita e ininterrumpidamente a

| usuarios civiles en todo el mundo. A todo el que cuente con un receptor del

| SPG, el sistema le proporcionara su localizacion y la hora exacta en

| cualesquiera condiciones atmosféricas, de dia o de noche, en cualquier

| lugar del mundo y sin limite al niimero de usuarios simultaneos.

|

!
; SISTEMA DE POSICIONAMIENTO GLOBAL
L

EIl SPG se compone de tres elementos: los satélites en érbita alrededor de
la Tierra, las estaciones terrestres de seguimiento y control, y los
receptores del SPG propiedad de los usuarios. Desde el espacio, los
satélites del SPG transmiten sefales que reciben e identifican los
receptores del SPG; ellos, a su vez, proporcionan por separado sus
coordenadas tridimensionales de latitud, longitud y altitud, asi como la
hora local precisa.

Hoy estan al alcance de todos en el mercado los pequerios receptores del

SPG portatiles. Con esos receptores, el usuario puede determinar con

e\acntud su ubicacién y desplazarse facﬂmente al lugar adonde desea
Aands 2 ndn F1QDC ac

vacea

For Additi

FA
0 CION SOBRE EL ° Chiefs of Staff and NASA. Components of the Execut(iie
SISTEMA : External Links Office of the President participate as observers to the
| Site Index National Executive Committee, and the FCC Chairman

El Sistema de Posicionamiento Global

Ampliaciones al SPG

APLICACIONES
Cronometria
Carreteras y Autopistas
Espacio
Aviacién

Agricultura

Navegacién Maritima

Vias Férreas

ional Information...

Timing - Windows Internet Explorer
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NATIONAL EXECUTIVE COMMITTEE

Home The National Executive Committee for Space-
What is PNT? Based Positioning, Navigation, and Timing (PNT)

| U.S. Policy is a U.S. Government organization established by
Chatar Presidential directive to advise and coordinate
Memplstip federal departments and agencies on matters
Meetings

concerning the Global Positioning System
(GPS) and related systems.

Coordination Office
Advisory Board

Working Groups The National Executive Committee is chaired jointly by
the Deputy Secretaries of Defense and Transportation.
Its membership includes equivalent-level officials from
the Departments of State, the Interior, Agriculture,

Commerce, and Homeland Security, as well as the Joig

Intemational
Cooperation

Public Materials

participates as a liaison.

A National Coordination Office located in
Washington, D.C., provides day-to-day staff support to
the National Executive Committee. It consists of an
interagency staff headed by Director Michael Shaw. The
National Coordination Office is a point of contact for
inquiries regarding PNT policy.

An Advisory Board provides independent advice to
the National Executive Committee through its sponsor
agency, NASA.

Several working groups support the National
Executive Committee through staff-level, interagency

www.GPS gov#@

National Executive
Committee featured im?
Inside GNSS

What's New
at PNT.gov

= Presentation from GPS
Partnership Council

Request for Public
Comments on Semdd
Codeless GPS

Presentations from ENC-
GNSS 2008

Presentations from,
CGSIC Toulouse

More Releases.
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GPS.gov
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http://www.gps.gov/
http://pnt.gov/

Contact Information

Mr. Anthony J. Russo

National Coordination Office for Space-Based PNT
1401 Constitution Ave, NW - Room 6822
Washington, DC 20230

Phone: (202) 482-5809

Anthony.Russo@pnt.gov
www.pnt.gov
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