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1Introduction
What is GNSS（GPS），the main  segments 
and development 
Global Navigation Satellite System

GPS(USA) Global Positioning System

GLONASS(Russia) GLObal NAvigation Satellite System

Galileo（Europe,China and India）
Compass Navigation Satellite System (China)
Great benefit for industry and trade
Revolution in Earth Science
Most valuable space technology



Main segments：GNSS
Space segments ：GNSS satellites
Ground segments ：control stations
User segments ：GNSS receivers



GNSS satellites



GPS constellation



Ground control  and monitor stations





GNSS receivers





Global GNSS network





2Principle of positioning and data processing
Principle of positioning
Kinematic and static positioning



2 Principle of positioning 
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Principle of GNSS positioning

R=((xr-xs)2+(yr-ys)2+(zr-zs)2)1/2+ Δτ







3 Measurements and measurement equations
Ambiguity, cycle slip



4 Error source 
Orbit
Ionosphere delay
Troposphere delay
Phase centers of satellite antenna and receiver antenna 
Multipath
Clock error( Sat. and RCV)
Displacement tides (Earth tide, pole tide, ocean loading, 
atmosphere loading
Phase wind-up
Relativity effect
Known coordinates
Antenna centering
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电离层

对流层

卫星轨道误差
卫星钟差
卫星天线相位中心偏差
相对论效应

接收机钟差
多路径效应
接收机天线相位中心偏差
固体潮
极潮
海水负荷
对中误差（对点误差）
已知点点位误差

天线相对旋转
相位增加效应

GPS相对定位误差源

R1
R2



GPS 卫星轨道



Precision in GPS results



Precision of GPS satellite orbits



5 Time and coordinate system

GPS time
UTC   
GPS week  

reference frame----foundation of geodetic results

WGS84
ITRF    from ITRF89 to ITRF2005
IGS      IGS05



6 Data processing and software
Differencing, linear combinations 

Zero difference
Single difference
Double difference
Triple difference

Ionosphere-free observations
Geometry-free observations

GIPSY/OASIS      GAMIT/GLOBK   BERNESE



Single difference



Double difference



Triple difference





7 Application of GNSS（GPS）in Earth Science

Geodesy
Geodynamics----plate motion
Space physics----ionosphere monitoring 
Meteorology----water vapor monitoring
Crustal movement----earthquake prediction, 
volcanic activity, land subsidence, land slides   
Sea level change
Satellite orbit determination for deferent 
missions for earth science



Seismicity、plates and plate 
motion



Tectonic Plates

菲律宾



2004,5,9 SIO Plate motion



Horizontal Displacement on Chinese Mainland



Crustal movement



8 Conclusion 
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