










variable parameters. The fictitious station locations 
thus determined are discarded, but the individual 
data points can now be tested for variations which 
exceed predetermined stripping levels. The output 
of the DATA EDITOR includes a first estimate 
of the satellite frequency and information relative 
to noise and other factors indicative of probable 
quality of each pass. 

After the data from each pass are edited, the 
total set of retained data is used in the orbital 
improvement program. In this program the nom-
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inal station coordinates, rather than the fictitious 
ones found in the EDITOR are used, and the un­
known quantities are the six orbit parameters, plus 
the average satellite frequency for each pass. The 
details of the calculation are described elsewhere. 
The ou tpu t of the tracking program is a set of 
orbital parameters which are placed in data ar­
chives for geodetic studies, and \vhich may be used 
for other purposes such as the computation of 
station alerts, antenna pointing alerts, ephemerides 
and sunshine predictions. 

Accuracy of the System 

System accuracy is influenced by errors of two 
general types: (a) analytical errors, defined as in­
cluding those phenomena that affect the analytic 
results but which are not included in the analysis 
for some reason, and (b) observational errors, de-
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fined roughly as contammg all the factors that 
affect the quantity and quality of the data which 
are the inputs to the analysis program. 5 The former 
include neglected components of the earth gravity 
field and residual refraction effects. Neglected grav­
ity field components are the dominant error sources 
and in fact the primary object of geodetic research 
using artificial earth satellites. Refraction effects 
are of less consequence and can in any case be 
overcome through proper choice of frequencies and 
other techniques. Observational errors include sys-
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tematic errors in time and frequency measurement, 
the span and distribution of the data , and (by defi­
ni tion) noise. 

Errors in station clock epoch result in systematic 
position errors along the satellite track amounting 
to approximately 7.5 at meters, where at is in 
milliseconds. Since the advent of clock-carrying 
satellites, the level of accuracy with which TRANET 
stations maintain epoch time has improved and 
currently equals or exceeds that required for geo­
detic work. In the course of tracking clock-carrying 
satellites the timing data from such satellites is 
recorded, and is later processed in computing pro­
grams which remove propagation times, calibrate 

5 W. H. Guier, R . R . Newton, and G. C. Weiffenbach , "Analysis 
of the Observational Contributions to the Errors of the Navy Satel­
lite Doppler Geodetic System," APL/JHU Report TG-653 , January 
1965. 

APL T echnical Digest 



SUlnmary the satellite clock against the standard station, and 
compute the error in the station clock epoch rela­
tive to the standard station. Measuring error is 
limited by the signal to noise ratio associated with 
the received timing signals and is presently about 
30fLsec RMS for the data received on a single pass. 

The TRANET system is capable of providing 
high-density, high-accuracy doppler data for a large 
number of satellites in a form ready for immediate 
computer processing. 

Frequency errors which are constant throughout 
a satellite pass produce no errors in the computed 
position of the station or satellite. Oscillator drift 
during a pass, however, may produce a small error 
in the minimum range, similar to that which would 
be produced by an along track velocity error. Fre­
quency standards currently in use typically have 
drift rates of a few parts in 1011 per day, corre­
sponding to negligible position errors due to this 
effect.6 

The TRANET system is capable of measuring 
the doppler frequency received from a satellite \vith 
an accuracy of 1 part in 101 0 and the satellite 
position with a precision of 10 meters. Accuracy of 
orbit determination is limited to about 50 meters 
by incomplete knowledge of the earth's gravity 
field. 

It is estimated that the TRANET system could 
reliably handle as many as ten near-earth satellites 
in full time operation with maximum accuracy. 
With lessened accuracy requirements the number 
of satellites which the system could be called on 
to track would be greatly increased. 

6 R. R . Newton, "The Navy Navigation Satellite System," Proc. 
CaSPAR 7th International Space Science Symposium, May 1966. 
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