GPS at JPL: an Overview

Jim Zumberge & Yoaz Bar-Sever

Tracking Systems & Applications Section » ——— '
Gravity recovery from GRACE Plate tectonics

- Receivers on the ground
= plate tectonics, natural hazards, global & regional
= Critical for all precision GPS applications

 Software
= GIPSY
= RTG (real-time Gipsy)

» Receivers in space e - ‘ _ ST
= mission support: precision orbit determination 5"?5;;' lonospheric ?W‘“gg;”i’: t‘?f‘%e'::“‘e
= science instrument: atmosphere & ionosphere weather maps fom GiFa occultations

» Global differential real-time GPS

= decimeter-level real-time positioning
=> on the ground and (soon) in space

Radar topography from E’
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GPS Capabilities in the Tracking Systems and
B Appllcatlons Sectlon | tro‘duct|on

All of JPL’s R&D work on GPS is carried out in the Tracking Systems and
Applications Section (335)

One of the world’s largest and most accomplished GPS center of excellence

5 GPS groups ~ 60 engineers/scientists

End-to-end expertise: systems, software, hardware, infrastructure, flight experiments,
operations, science - complete vertical integration

Distinguished track record of leadership and innovation since inception of GPS
GPS-derived technology infuses deep space, formation flying, and other technologies

Outstanding record of technology transfer

Direct contributions to operational GPS

Wide Area Augmentation System (WAAS) algorithms and software to the FAA
Successful GPS technology transfer to industry, government, and academia

Hundreds of software licenses for GIPSY-OASIS and Real Time GIPSY

Multiple awards, including Space Technology Hall of Fame, NASA Software of the Year
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The IGS is an international science consortium involving over 200 organizations from nearly 10
countries and is strongly supported by NASA
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A GPS Global Network

T

Tracking Network of the International GPS Service
Highlighting NASA’s Contributions

w &

@ NASA GPS Stations
o NASA Cooperative Stations
Other Agency Stations
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ranging 2-3 cm ‘science’ orbits
; 0.1 cm baseline

Award winning data analysis and
simulation software packages
» GIPSY-OASIS, Real Time GIPSY (RTG)

Advanced spacecraft dynamic models

adopted across industry
» Empirical solar pressure model
» GPS yaw attitude and signal models

Routine POD for flight projects, other customers
« GPS, Topex, Jason, GRACE, CHAMP, SAC-C...

Operational by-products from GPS POD
 Earth orientation and trop delay for DSN
measurement calibration

Gravity racow Frovn GRALCE

Aadar topography fromSRTM |
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JPL/NASA BlackJack GPS Receivers: > 17 Flight Years
_of Successful Operations in Space

4-cm accuracy

45-cm accuracy 4-cm accuracy Sub-meter reabiime deimo 1-cm accuracy 1-cm accuracy
SRTM CHAMP SAC-C JASON-1 GRACE
Feb 2000 Jul 2000 Nov 2000 Dec 2001 Mar 2002

Missions In Development

Dec 2002 Dec 2002 2005 Sept 2005 2008
FedSat |CEsat C/NOFS COSMIC OSTM

5-cm accuracy
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il

Broad responsibilities in nearly all aspect
of ocean altimetry:

GPS receiver development and i
operations idon and Jason-1

Orbit determination for Jason and Topex

* Near-real-time (3 hours, for Jason only),
daily, and ‘Final’

» Cutting edge technology led to consecutive
‘records’ in POD, presently with sub-cm
RMS radial accuracy for Jason

70° 75" 80° 85° 90° 95° 100° 105 110°

Lead NASA component of
calibration/validation for Jason, NASA
Jason Measurements System Engineer

Recent Tsunami Jason (orange) and Topex
(green) ocean height measurements 15 minutes
after the Sumatra earthquake superimposed on a
model of the tsunami (shades of red and blue)

70° 75° 80° 85° 90° 95° 100° 106" 110°

11



GRACE

e T e

335 de&gnedanddeveloped core 'smnce instrument
* GPS and GPS-derived technology
» End-to-end expertise in section was extremely beneficial

Critical mission support
* Orbit determination

 Level-1 science data products

* Attitude determination
« Calibration maneuvers
* Instrument support

* Gravity recovery

Ideal testbed for formation flying concepts, GPS analysis, novel POD concepts
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Deploying, maintaining, and g,
analyzing global and regional
networks (GGN, SCIGN)

Deriving GPS-based
definition of the terrestrial
reference frame

residual‘ mlof:iw fiefd SGM fixed .

J ,
best 25 mmdy A km

5 CM/YR ——> MCM4
http://sideshow.jplnasa.gov/mbh/series.htinl
: —— e = S : : 5 menest -80
0] 40 80 120 160 200 240 280 320

EarthScope/PBO participation
REASON Project
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Solid Earth Community

Tl e P e

Involvement

Some examples
* Relationship with Caltech

Collaboration with Campus on analysis of GPS component of Tectonic
Observatory

» Large GPS Networks supported with GIPSY

GeoNET - Japan

GSJ - Japan

PANGA - Pacific Northwest
SWEPOS - Sweden

« UNAVCO Governance and leadership

Founding member of UNAVCO Inc.

Elected to a seat on the Board of Directors of UNAVCO Inc.

GGN activities are supported through a NASA grant with UNAVCO
Actively participate in UNAVCO working groups and committees
Chaired Plate Boundary Observatory (PBO) Standing Committee

14

B e






Monitor

S

Ethernet Adapter

To LAN

Chokering Antenna

Ports Pertd

Port3 Fort 2
&

16



Novel Science Applications

GPS 3 e PS 2
f‘% Calibrating GPS & Qg S
e O Occulting ‘*»
~Neutral D L=o 51“ ~ Troposphere:
atmosphere - vertically integrated

Ocean surface
+ Height
» Roughness (winds)

/Ground OCCU“: d precipitable water vapor
iver .
receive Eal’th Stgnal L

| lonosphere

Reference ellipsoid
Atmospheric and lonospheric

Remote Sensing and Science Bi-Static chan Reflectometry
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Occultations: el L
0.5° K for individual profiles 5l T e 2 cm precision altimetry in 1-
0.1° K for average ensembles o sec using phase from fixed
100 m vertical resolution ol receiver (Crater Lake, OR)

215 220 225 230 235 240 245 250 255
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Applications of GPS Remote Sensing in the
Ionosphere

Capabl I Itles 400 lonmpheeoccuna! ion 18Ap il 1969 UT13d2 13 49 ton 14 !m -32

» Electron density profiles at <1km vertical G —
resolution N

» 2D global maps of vertical TEC and ionospheric ol
response to magnetic storms g |

« 3D images of electron density as a function of S

time ; P
« Maps of ionospheric scintillations |

.("i;‘»'}
10 .8

0

: . . . s 2 L :
[} 20+11 de+11 Be+ 11 8e+11 je+12 120412 1.4e+412 180412 18er1E
Electran density [ma-3)

AppllcatlonS' Above: Example of electron density profile obtained
e Excellent fit to Sun-Earth Connection science  Wwith GPS occultations on Oersted. Below: Example
of global vertical TEC maps obtained by the Global
(lemg With a Star) Assimilative lonospheric Model (GAIM)
« Key input to Navy/AF advanced space weather Vertical TEC at UT 00:00
models —_—

 FAA’s Wide Area Augmentation System
« Mitigate effects on communications

» Improved understanding of ionospheric
dynamics




NASA’s Global Differential GPS (GDGPS) System

e T T e i T R e I e

GDGPS Operations Center

e =

L&

Terrestrial and
airborne users

D D
e i

7

w1

Redundant architecture:
no single point of failure

99.999% reliability since
inception in early 2000

Space users

For more info see:
www.gdgps.net
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Media (tropo |ono) cahbratlon at DSN S|tes in support of tlme-crltlcal operatlons
* MER EDL, Cassini orbit injection

Pre-processor for all of JPL’s operational GPS orbit determination for LEOs
* GRACE, Jason, Topex

Post launch analysis for GRACE and SRTM

Real time on-board positioning for AirSAR radar system calibration

UAV-SAR on-board, real-time positioning for flight control of repeat pass
interferometry

Near-real time Jason orbit determination and sea surface height

fupluding Data Er e 1 4 v CZ LA0Le UPC
1 24— Bl Bl e -1 TEYL o0
’tla* mneratad 8T il e

Zes Lavel Anomaly Qbsenved by Jasor-1 Albmete:
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~Uniquely Powerful GPS Momtorlng X

e

As a strategic national @@@W%W sset @m@@ a critical global amfm structure
undetected GPS failures can Q‘EW@ enormous conseguences, however,
operational GPS lacks integrity monitoring due to poor tracking network

The NASA Global Differential GPS system is providing real-time global GPS
performance monitoring services to operational GPS at the U.S. Air Force

Epmn Wed,Jun 9 23:5100 2004 (UTC) {lecal time ak JEL: Wad durt G 16:51:00 2004) [ — ——
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TDRSS Augmentation Service for Satellites (TASS):
Integrating NASA’s Ground and Space Infrastructures

A B o A
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Revolutionary New Capabilities in Orbit

R A e A A AR

e R B e B A R

Enabling precise autonomous operations near earth

State of the Art GDGPS
(unaugmented GPS)

Real-time orbit determination 1-5 meters 01-0.3m

Real-time time-transfer ~10 nsec ~1 nsec

Integrity (GPS malfunction flags) Not available included
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__CurrentR&D Focus

GPS system modeling and parameter estimation
Millimeter-level baseline determination for orbiting arrays
Multi-sensor atmospheric sensing

Atmospheric occultations

lonosphere dynamics

Improve reliability and accuracy of real time systems

Transition to TASS operations and flight demonstrations
Development and demonstration of ocean reflection technology

Next generation GNSS receiver and exploration of new science capabilities
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