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Maxwell 电磁场方程 



电磁场波动方程解 







接收机的相位输出 
残差相位: 

测定相位：!

每1秒钟间隔测定的相位用二
次多项式拟合, 然后内插到
20毫秒的采样!
信噪比：!



系统误差!



电磁信号通过电离层的群/相速度改变 

ηp, ηg 为相/群折射指数	





二阶电离层效应—来自和地磁场的耦合 



大气延迟 
对流层厚度： 8 公里 
平流层厚度：  ~ 50 公里 
折射率：  N=(n-1)x106 
大气延迟: 

90% ddry, 10% dwet 
水汽分子不是中性的，有电偶极
矩 



大气延迟和映射函数 
大气延迟: 

映射函数: 



GPS 接收机和天线 

电偶极子天线的远场响应分布图 



接收机天线相位中心!



接收机天线相位中心!



接收机天线相位中心测定!



相位缠绕!



多路径!

•  最大可达1/4波长 
•  非线性相位畸变而
不是线性叠加 

•  难以被参数化直接估
计 

•  不能用差分扣除 
•  硬件抑制和算法消除 
•  恒星日滤波!



相对论改正!
•  狭义相对论效应：卫星的高速运动造
成时钟变慢 (接收到信号频率减小） 

•  广义相对论效应：卫星和地面台站的
引力位不同造成卫星钟和接收机钟走
时不一致(接收到信号频率增加） 

•  地球的弯曲时空影响信号传播路径（
高阶量） 

•  把卫星钟频率事先降低4.65x10-3Hz 



主要的GPS前处理软件!

•  GAMIT: MIT/UCSD, 双差，最小二乘 
•  BERNESE: BERN, 单差，最小二乘 
•  GIPSY: JPL，非差，均方根信息滤波 
•  PANDA: 武大（GFZ EPOS?），非差
，最小二乘/均方根信息滤波 

•  IGPOS: 上海天文台，非差，最小二乘!
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Updated hourly from SOPAC 

Updated daily from SOPAC 

Updated yearly from SOPAC Data flow through FTP 

Data flow through file system 



主要的 GAMIT 模块和功能 

pre-proc main-proc post-proc 



主要的后处理软件!

•  GLOBK: MIT/UCSD, Kalman滤波，主
要用以作联合解 

•  CATREF: 法国, 最小二乘，主要用以
作联合解和建立参考框架 

•  QOCA: JPL，Kalman滤波，主要用以
作联合解、负荷形变分析、主分量分
析和时间序列分析 



算子!

•  最小二乘, Kalman滤波，均方根信息滤波 
•  正定矩阵求逆： 
GLOBK: 高斯回代 
GAMIT, BERNESE, QOCA: Cholesky 平
方根法 

GIPSY: SRIF 正交变换 
（Householder 正交变换？） 



Reference frame 

•  Celestial reference 
frame 

•  Terrestrial reference 
frame 



Basics of terrestrial reference 
frame 

•  Terrestrial Reference System (TRS) 
 origin, scale, orientation and time evolution 

•  Conventional Terrestrial Reference System (CTRS) 
 origin: center of mass (CM) 
 scale: local Earth frame within a relativistic theory of 
gravitation 
 orientation: initially aligned to BIH 1984.0 orientation 
 evolution in orientation: no residual global rotation with 
respect to (NNR)-Nuvel-1A 

! Fully defined, but not necessarily 
accessible 



Realization of CTRS 
•  International Terrestrial Reference System (ITRS) 

 CTRS monitored by IERS 
•  International Terrestrial Reference Frame (ITRF) 

 realization of ITRS by a set of station coordinates and velocities 
for a global network at a given epoch 

•  Station configuration:  
 as uniformly distributed as possible 
 lie on relatively stable part of the plate 

•  Based on IERS TN 13 (1992), “tide free” system 
 the permanent tide is also removed 
 the scale is consistent with the TCG (Geocentric Coordinate Time) 
frame within a relativistic theory of gravitation 



Realization of ITRF 
•  Integrates various observing techniques 

 VLBI, GPS, SLR, LLR, DORIS. 
•  Solutions from each technique are performed 

independently. Combined by IERS. 
•  Weighting based on relative strength. 
•  Orientations are determined by all 

techniques. 
 Origin of the frame is determined by a set of 
SLR solutions. 
 Scale is determined by VLBI and SLR. 
 Station coordinates and velocities are 
adjusted simultaneously. 

•  No-net rotation constraint is imposed. 
•  Adopt TDT (GM=398600.4415 km3/s2) rather 

than TCG (GM=398600.4418 km3/s2) 



Align network solution to 
ITRF2000 

•  Fiducial station approach 
•  Network transformation approach 
•  Intrinsic strength and weakness of GPS fiducial 

free network solution 
•  7 (or 6) parameter transformation 

 Helmert transformation (Bursa-Wolf formula) 



Origin of ITRF2000 
•  CM, CE, CF and CN 
•  Time scale: secular, seasonal 
•  Desired vs realized 
•  Estimate geocenter motion 

 C10, C11, S11 approach 
 Network shift approach 
 Degree 1 deformation 
approach 

•  See Dong et al. (2003) for 
details 


