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»Earth parameters

»Geodetic observing systems




Earth-shape




Earth-shape

Semi-Minor Axis =
Polar Radius =h

(WGS-84 value =6356752.3142 meters)

Semi-Major Axis =
4 Equaiorial Radius =a
(WGS-84 value =6378137.0 meters)

Flattening = f=(a-h)a

(WGS-84 value = 1/298.257223563)
First Ecceniricity Squared =e "2 =2f-f"2
(WGS-84 value =0.00669437999013)

Ellipsoidal Parameters

Peter H. Dana 9/1/94




Earth rotation
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Earth rotation
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atmospheric and oceanic processes
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Polar motion : #2 &
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Plate : #k*%
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Gravity and Geoid . JK/E[E

mathematical figure of the Earth



Gravity and Geoid . JK/E[E

Earth's Gravity Field Anomalies {milligals)
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| »>Geodetic observing systems




BOEIEESLR

Retro reflecting satellite

Telescope
Orbital data

Event T
Count




/ & San Juan SLR station in
Argentina
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The telescopes of
the Chinese SLR
stations
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Site in Wuhan
Zhang Z. SHAO

Site in Xi’an
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Lunar Laser Ranging
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Very Long Baseline Interferometry




GNSS System

- Geostationary
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»GPS/Galileo/GLONASS/COMPASS




GNSS System

Satellite orbits



http://www.gislounge.com/
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GNSS System

Satellite orbit elements
A

Z

Satellite




GNSS System-GPS

Space Segment
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GNSS System-GPS

(a) From a latitude of 90°.

Expandable 24 slots

(b) From a latitude of 35°.

Michael Meindl,2011



Argument of latitude (degrees)

GNSS System-GPS Satellite constellation
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GNSS System-GPS

Ground track for the GPS constellation
Ground track for GO6 for one day

day of year 2008060

11 hours 58 minutes/per rev
Rolf Dach,2008



GNSS System-GPS

Ground track for the GPS constellation
Ground track for GO06 for ten days
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Rolf Dach,2008

ten days
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Ground track for the GPS constellation

GNSS System-GPS




GNSS System-GPS

R.A. of Ascending Node(deq)

Semimajor axis(KM) -26560
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GNSS System-GPS

Dorsey et al. 2003




GNSS System-GPS
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GNSS System-GPS

% Standard Positioning Service (SPS)
Signal-in-Space Performance
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GNSS System-GLONASS

(a) From a latitude of 90°. (b) From a latitude of 35°.

Michael Meindl,2011



GNSS System-GLONASS
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GNSS System-GLONASS

Ground track for the GLONASS constellation

Ground track for R04 for one day

11 hours 16 minutes, 17 rev/8 days Rolf Dach 2008



Rolf Dach,2008

Ground track for R04 for ten days

Ground track for the GLONASS constellation
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Rolf Dach,2008

RO1 to RO8 for ten days

Ground track for the GLONASS constellation
Ground track for

GNSS System-GLONASS

'y of year 2008:060 to D69
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GNSS System-GLONASS

Constellation Status
(03.09.2011)

—Satelites inpast ——Forecast

SHAMErD R

Total in orbit 275V
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Sergey Revnivykh, 2011



GNSS System-GLONASS

* Existing Stations
W Future stations

Sergey Revnivykh, 2011




GNSS System-GLONASS
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GNSS System-GALILEO
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GNSS System-GALILEO
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(b) All Galileo satellites, one day.

(a) One Galileo satellite, ten days.

14 hours 05 minutes, 17 rev/ 10days

Michael Meindl,2011



GNSS System-COMPASS
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GNSS System-COMPASS

»Constellation:
GEO/IGSO/MEO
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Satellite trajectory

Elevation—Azimuth—Diagram
Zimmerwald (Lat: 46° 52; Lon: 7° 28)
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day of year 2008:060 to D59

Rolf Dach,2008



Satellite trajectory

Elevation—Azimuth—Diagram
Zimmerwald (Lat: 46° 52; Lon: 7° 28)
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Satellite trajectory

Elevation—Azimuth—Diagram

Ulaanbataar (Lat: 47° 40’; Lon: 107° 3")
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»GNSS researches

»GNSS applications




GNSS Observation
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GNSS research summary

»Satellite: Orbits, clocks, satellite attitude,
phase center.....

» Travelling space: Troposphere,
ionosphere, occultation.....

»Ground station: position & velocity,
clocks, reflection, and related
applications.....




GNSS research summary

»Satellite: Orbits, clocks, satellite attitude,
phase center.....




GNSS research summary

» Travelling space: Troposphere,
ionosphere, occultation.....
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GNSS research summary

- »Travelling space: Troposphere,
ionosphere, occultation.....




GNSS research summary

»Ground station: position & velocity,
clocks, reflection, and related
| applications.....




GNSS positioning techniques
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GNSS positioning techniques

LEO orbit determination
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GNSS positioning techniques

RTK, VRS, WASS, Augumentation System

COMMUNICATION

SATELLITE %

Daga NQM

http://www.omnistar.com/SubscriptionServices/OmniSTARHP.aspx
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Other GNSS Application Area

Earthquake monitoring

PALSAR ScanSAR-ScanSAR interferometry

Path:422, Master: 2008/4/10, Slave:2010/3/1 GPS Network SAGA
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PALSAR level 1.0 data are shared among PIXEL (PALSAR Interferometry Consortium
to Study our Evolving Land surface), and provided from JAXA under a cooperative
research contract with ERI, Univ, Tokyo The ownership of PALSAR data belongs to
METI (Ministry of Economy, Trade and Industry) and JAXA




Other GNSS Application Area

Earthquake monitoring

GPS Network SAGA
South American Geodynamic Activities
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Other GNSS Application Area

F rst tao months of Postseismic

Coseismic displacements
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Other GNSS Application Area

After slip model

E Coseismic slip model (first two months)
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Other GNSS Application Area
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Other GNSS Application Area

GNSS Meteorology

Bender et al., 2009




Other GNSS Application Area

Soil Moisture

Larson., 2008



Other GNSS Application Area

Soil Moisture
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Other GNSS Application Area

SNOW




Other GNSS Application Area

SNOW
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GNSS DATA ANALYSIS

| GNSS Data Center

—— ="

' 1.Global GNSS network
; 2.CMONOC network

2 3.1GS general

% 4.1ERS bulletin

GNSS Analysis Center

| 1 GNSS Preprocessmg
| 2.GNSS Estimator
i . 3.Ambiguity fixing
| 4.0rbit integration

GNSS Product Service

; 1.GNSS Orbits, Clocks
| 2.Atmosphere
 3.ERPs

' 4.Reference Frame




GNSS DATA

Active hourly sites

Reference Frame stations ("IGS08")

Reference Frame stations ("IGS08") - core network
GPS/GLONASS stations

Active high rate sites

All maps on
Real-Time Network

_ holm 5%y 7 il i Bili
- . Lmagl
. ¥ L Al el novm ikt rkjn .
. -y ¥ I Y .u|;1b .khﬂl
o l'. - s ]‘I po le Lrum . uchan hfs%
N II,’ TR S || mEhum guan b]fs, — s
tehn ki3 xian %{nsm ;\
fray | dhas A et
bz G ey T
nama
1 Lhyde
fgev® i JCusy Jplenp .-é[}ﬂﬁ
g e adi "oar2 e kw1
Jbogt okour -ylrgbico mald
, .k Jntus
‘glﬁ’lﬁE:HHH wsalyf .Ig Sovomal2 L
ve Jrecf = «dgav -bako olaet
o 1
savo . lgrw,..
Lareg Jbraz arr jabl
Jiqqe i 'ﬁbpf"’acs Jaro
caLF;gsa ,qurF reun r% Lalic
cf
f e R
CONZ "3 < lpgs Jgoug ade.?m-,
MO hob2
o
M erg
pa:l%g . " Jmaci
i3
pa]mfofgmz vesl SN, mawl, - dav was] «dumt

Igscb.|pl.nasa.gov


http://igscb.jpl.nasa.gov/network/hourly.html
http://igscb.jpl.nasa.gov/network/refframe.html
http://igscb.jpl.nasa.gov/network/refframe_core.html
http://igscb.jpl.nasa.gov/network/iglos.html
http://igscb.jpl.nasa.gov/projects/leo/
http://igscb.jpl.nasa.gov/network/leo.html
http://igscb.jpl.nasa.gov/network/maps/allmaps.html
http://www.rtigs.net/network.php
http://www.igs-ip.net/home
http://www.igs-ip.net/home
http://www.igs-ip.net/home

CMONOC Network
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Crustal Movement Observation Network of China (CMONOC): 260

Permanent + ~2000 Campaign GNSS stations
Average baseline: 200~300 km



GNSS Products

»1GS: Free and volunteer....., but service
should follow NASA’s policy

Home page and ftp are denied for Chinese IP
'since 2011 Doy 327 (Nov. 23)

GPS orbit | GPS clock | Pole | Lod | Coordinates(mm)/
(cm) (ns) (mas) | (us) velocities(mm/year)
IGS 2.5 0.02 0.03 | 10 Horizontal:
IGR 2.5 0.03 0.04 | 10 3.0/2.0
IGUA 3.0 0.05 0.05 | 10 Height:
IGUB 5.0 15 0.20 | 50 6.0/3.0




Working Group

»Data Center Working Group

»GNSS Working group

»Blas and Calibration Working Group

- »Antenna Working Group

»Real-Time Working Group

» Clock Product Working Group

»Space Vehicle Orbit Dynamics Working Group
» Troposphere Working Group

»lonosphere Working Group

B > Tide Gauge Working Group

| »Analysis Center Coordinator and Reference
-} Frame Working Group







