PRECISE TRACKING SYSTEMS
FROM METER TO MICRON

<l m: IKONOS

60 ¢cm: Shuttle Radar
Topography Mission

50-5 em: GPS ephemerides

S0 em predicted orbits and clocks

25 em real time orbits and clocks
8 cm daily GPS orbits and clocks

S em weekly *science * orbits and clocks

1-3 cm: Jason-1
2.5 ¢m near-real time

4
2.0 cm 1-day latency R T"!&

1.5 em ‘science’ e SPUTE

Micron: GRACE




NEW FRONTIERS IN GPS
- TECHNOLOGY, RADIO METRIC
TRACKING. AND RADIO SCIENCE

Atmospheric sounding with GPS

Ocean altimetry with
GPS Reflected signals

FARIS Artint's Hendlnon

L4
~

Primary Atomic Reference .76"‘.'

Clock in Space (PARCS)

™~ iy

Astrometry and deep space navigation
with very large basceline interferometry

Formation flving instruments

and technology

Autonomous Formation Flver (AFF) Py

Constellation Communications and Navigation

Transceiver (CONT)

Advanced concepts for the
next generation GNSS

59

Autonomous GPS sensorcraft
concepts




DISTINGUISHED TRACK RECORD
OF GPS TECHNOLOGY

A':l'

OS1: First codeless pseudorange GPS recerver (SER

1986: Introduced reduced dynamice technique for precise orbit

determination

4
1986-present: Precise GPS orbits are estimated routinehy

1986: First dual frequency. code codeless geodetic- qualm (DS eaccner
(Rogue)

1991: First civilo
1992:
1992:

<R1 G) S()tt\‘\':ITMCfﬂd Asprototype for
.

Tﬁu
hlst GPS flight dlnmsphu ic o Cul!ﬂi i

' {erted on G PQ‘ tclllt(s to imp
F modeling

| 1999:
2000: First clobal differential GPS svstem
2000: First to provide 30 cm G PS orbits in real time
2002: First sub-2 ¢cm radial accuracy for orbit d
2002: First micron-level cross link ranging

2002: Six operational GPS receivers in space: 30 flight vears of
operation without failure




REMOTE SENSING AND EARTH
SCIENCE: PRODUCT ORIENTED
PERSPECTIVE

Radar Topography from SRTM
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Occultations, frGEACEE" (2 days)
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Global ionospherid

network

Plate tectonics

Occanography




INTERNET-BASED ARCHITECTURE:
RELIABILITY THROUGH REDUNDANCY

Scamless Global Coverage

Robust Network Architecture

Nuluple Operton Centers
< Dy inamire nethwork contreuration
s N utomatie data reroutiny

Primary Operation Centers

secondary Operation Centers U

Real Time GIPSY (RTG) Orbit Determination Software
» Patented state space orbit determination approach
» Complete and accurate models tor GPS satethites and navieation sienal
* Orbit and clock corrections are elobally and uniformiy valid

Multiple Channels for Dissemination of Differential Corrections
e Inmarsat clobal beams (throngh NAVCOND
e Modem and Tridium channels
o LCPand UDP Internet chients

Sophisticated End User Software for 10 ¢m Positioning

* Real Time GIPSY (RTG) software
e Terrestrial, airborne. and space applications




THE MOST ACCURATE GLOBAL REAL TIME
POSITIONING SYSTEM

The sky is not the limit... « l GPS: 20 - 30 en

1000 km -~ ~ Jason: 10 cm

I ,ﬂ'/”‘

100 km 5 7 CHAMP: 20 em

13

tlexible Configuration - Uncompromising Performance
Internet (nmarsat (NAVOCOM) iridium/Internet

Real nime positioning of the
JPLAE <ite. 1PE. California - L—m T ——

-

Flight tests sath the NAS A DC-S Over Flight tests with the NASA P-3
California, Colorado, and the Greal Over Greenland
{.akes

10 em RMS Horizontal accuracy
20 ecm RMS Vertical Accuracy
More Than Just Positioning

* Sub-nanosecond time transfer * PS integrity monitoring

* Sub-centimeter tropospheric delays * (:lobal ionospheric weather

Performance Monitoring in the Public Domain




Operational Reliability

Uncompromising Accuracy

Real time data products:
* A PS reference station data

¢ (; PS differential corrections

* (i PS broadcast ephemerides

* Mcdia calibrations (troposphere, ionosphere)
e Site position monitoring

e Clock bias and frequency monitoring

* ;PS Integrity monitoring

Near real time data products (sub-hourly to daily):
e [.ow Earth satellite orbits (TOPEX, Jason, GRACE)
e Sea surface height

e EKarth orientation parameters

atellite orbits

¢ GIPSY (ag) c-mail positioning services

* Tracking systems design
* Simulations

e System integration and testing




SOFTWARE

Powerful Software Tools for GNSS

Applications

GIPSY-OASIS Il

Advanced GPS positioning and tracking systems
analysis and simulations

Real Time GIPSY (RTG)

The accuracy of GIPSY in a compact form for real tim
applications

Real Time Network Transfer (RTNT):

Optimized data compression and communicatio
for GPS reference site operations

Internet-based Global Differential GPS (IGDG):
RTG + RTNT =
The software that drives NASA'’s
Global Differential GPS System

Orbiting Systems (VAPORS):

Monte Carlo simulation, visualization, and animation
for communications-navigation constellations

Global lonospheric Map (GIM) &
Real Time lonosphere (RTI)




HARDWARE

Advanced GPS Receivers for the Most
Demanding Applications

Global Differential GPS Aviation Package

*19°° rack mounted chassis
sInmarsat (NAVCOM)

or
Iridium communications
*Pressure transducer
*Configurable GPS engine

BlackJack family of space-borne recervers

*Single antenna lavout for
Jason, feeSat, VCOLL, and
SRTM

o4 antenna lavout for
CHAMP and SAC-C
*Internally redundant
*Occultation capable
* Reflections capable

Blackjack receiver with integrated Star Fracker

* GRACE Class

* Cross-link capable

* Occultation capable

* Reflections capable

*2 arcsec star camer:
Attitude @ 1Hz

*Dual star camera inputs




Qperational Relability, Uncempromising Accuracy

Real time product

- GG reference station data

- GRS ditferential corrections

- GPS beoadon phemecides

- Media calibrations [eoposphere, lonasphore)
- Bite position monilering

- Cloek bias and freguency monitoring

- GRS Integrity monitoring

Neae real time products {sub-houely to dailyh

- Low Eacth sateiite orbits (TOPEX, Jason, GRACE)
~Sessurface height

- Earth oriemtation poramaetas

JPLIGS Analysis Center procise geodetic products:
- GPE acbits and clocks {vavious latonaios)
- Earth orlentation, site coordinates, reference frame

Automatic GIPSY (ag) e-mail positioning services

System engineering and analysis;
= Traching systems design

- Systemintegration and testing

7/8/02_ Jersion

Cleanrgd under Aame

cLPE



Global coverage of JPL real-time sites

Robust Network Architecture

No single points of failure

«Redundant ground GPS network

- Redundant data paths

- Redundant operation centers

Dynamic network configuration

~ Auvtomatic fault detection and data rerouting

Real Time GIPSY (RTG) Orbit Determination Software
Patented state-space orbit deteemination approach

Complete and accurate models for GPS satellites and navigation signal
Orbit and clock corrections are globatly and uniformiy valid

Multiple Channels for Dissemination of
Differential Corrections
tnmarsat global beams

Modem and Iridium channels
TCP and UDP Internet clients

Sophisticated End User Software

for 10 cm Paositioning

Real Time GIPSY software

Terrestrial, airborne, and space configurations




Gravity recavery from GRACE Plate tectonics

e &
Matural hazard monitoring

Globatl ionospheric Atmospheric temperature
weather maps from GPS occullations

Radar topography from SRTM

intermational GPS Service (IGS) Central Bureau













Unparalleied track record of GPS innovation and expertise:

sitioning if i ntial systems Hitation

Engineering Trailblazing for Challenging
Terrestrial, Air, and Space Applications
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The sky is not the limit...
dasool

Qem

" enamp
B em

1¢-20cm

T

Aviation Breakthrough: Freedom from Local Infrastructure
10 cm Horizontal Accuracy; 20 cm Vertical Accuracy

- Extensive flight demonstrations
- Flexible rack-maount aviation payioad
- tnmacsat or ridium channels

KASA B3 with
bee RADAR:

North Americs  yaga ASARDC-&:
Gereonland

More Than Just Real-Time Positioning
- Sub-nanasacpnd time teansfor - GPS intagrity monitoring

- Bub-centimeter tropospharic defays - Globalionosphaeric weather

Parformance Mooitoring in the Pubtic Domain: hitp:flgipsy.jplnasss.govfigdg




1983: First codeless psevdorange GPS
receiver (SERIES)

1986: Introduced reduced dynamic technigque
for precise orbit determination

1986; Rautine estimation of sub-meter GPS orbits

1986: First dual frequency, codefcodeless geodetic-
guality GRS receiver {Rogue)}

1991: First civil global GPS network [GGN)

1982: First precision GPS receiver inspace
(TOPEX/POSEIDON)

1992: First precise GPS-based orbits of a satellite
- 2.5 cm radial accuracy {TOPEX/POSEIDON)

1334: Precision global differential System
design {patented)

199%: JIPL positioning algorithms selected as
prototype for WAAS

1995: First GPS flight atmospheric accultation
receiver {TurboStar)

1995: Y aw bias inserted on GPS satellites to
improve yaw attitude managemant
and modeling

1998; New and improved GPS solar pressure
model {GSPM)

1999: Tqs values in broadeast ephemeris are based
on I estimates

1999: Phase centers of GPS transmit antennas
are estimated in orbit

2000: First global differential GPS system

2000: First to provide 30 cm GPS orbits inreal time

2000: First muli-antenna, cocultation and
reflection capable GPS recelversinspace

(SAC-C CHAMP)

2002: First contimeter radial accuracy for arbit
determination of low Earth satellite (Jason-1)

2002: Fiest miccon-level cross Hnk ranging in space
{GRACE)

2002: 5ix operational GPS recnivers cumrentliy in
space; 30 Aight years of oporation
withous fatiure




Powerful Tools for GNSS Applications

Hundreds of licensees world-wide

Tracking Systems Data Processing,
Analysis, and Sisuiations

GIPSY-0AS51S

- Complate madels for positioning, orbit
determinations, geadynamics, radio science, GBS,
GNSS, SLR, DORIS, Ax

VAPORS-Visualization and Aralysis Package

for Orbiting Systems

~ Mente Cardo simulation, visualization, and animation
for communications-navigation constellations

NASA's internet-Based Global Differentist
GRS {IGDG) System

RTG - Reat Time GIRSY
- Bpesation center module for system-wide orbit
determination and positioning

- Embedded user module for tercestrial, air,
and space applications

- Global ionoesphere maps and ealibeation

RTYNT - Real Tirmne Netwark Yransfer

- Gptimized data compressionand
communications for GRS reference
site operations




heeic sounding with GPS

GRACE

. A

_— . . .
Astrometey and deep space Advanced concepts for
navigation with very long the next generation GNSS
baseline interferomelry

w-"»;; 3

Peimary Atomic Reference Clock in Space (PARCS)




Advanced Receivers for the Most Bemanding Applications

Globat Differential GPS
Aviation Package
<197 cack mounted chaus s
- inmarsat (NAVEOM]

or

Irigium communications
~ Pressuee transducs
- Contigur abis GPS ongine

BlackJack family of

space-bocn receivers

- Gingle antenna layout
for basvon, laebat. WLL,
and SHTM

<4 anternas Layout for
CHAPIP and SAC-C

- nternatiy codundant

- Geouitation capabls

- Reflections capabie

Blsck lack recniver with
integrated Star Trackee ; H

- GRACE Claxs il

- Cross-tink capable |

- Occultation capable 35 . !
- Reflections capable P - Y

+ 2 BCRC KM CHMRED B ’&" oaller 'ﬁ*’ -
attitude G 1M e Vi PR 4
- Brond star camesa inpas e t




Jet Propulsion Laboratory

California Institute of Technology

Engineering Trailblazing for Challenging
Terrestrial, Air, and Space Applications

Space Systems and Applications

Unparalleled track record of GPS innovation and expertise:
sitioning system e differential systems e sgtallite systems

oftware systems

® yltra-precise p
* simulatios

* remote sensing

» recaiver technology # 5
» orbit determination & (r3ckKing networks

Real Time DiffrentialSystems





