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1 Introduction
This contribution evaluates the bit-saving techniques proposed in [1].  Our investigation shows that the techniques described in [1] do not produce accurate ephemeredes, and so are not suitable for use in extended orbit methods.
2 Background
The method we are investigating [1] is an extension of an earlier proposed method [2] which allows for extended ephemeris being described by sending Delta-Ephemeris values.  Because most Keplerian elements change slowly over time, fewer bits are needed to send the Delta-Ephemeris values than are required to send multiple ephemeredes to describe the extended orbits in successive 6 hour intervals.  
In [1], a method is described to reduce the size of the Delta-Ephemeris message by simply not sending Delta-Ephemeris values for the elements
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, and af0.  The reduction from this change is substantial, as these four elements account for 100 bits of the 293 bits per Delta-Ephemeris proposed in [2].  The reduction is achieved because, according to [1]: 
Given a set of orbit parameters defined at some time toe=toc, the values of Omega0, af0, M0 and i0 can be computed at some later time dt as follows:

Omega0
= Omega0 + Omega_dot*dt;

af0      

= af0 + af1*dt + ½ af2*dt^2

M0        
= M0 + sqrt(mu./(a.^3))*dt

i0

= i0 + iDot*dt

3 Test of method in [1]
We test the concept of predicting 
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, and af0 using the equations from [1] on GPS broadcast ephemeris.  For a given satellite, consider two ephemeredes, one centered on fit interval toe, and the next centered on fit interval toe+dt where dt =14400 seconds = 4 hours.  Do the equations in [1] correctly predict the updated values of 
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We tested this across 7 days of GPS broadcast ephemeris, namely days 340 through 346 in 2006.  These ephemeredes were downloaded from NASA’s archive of space geodesy data [3].  The downloaded Ephemeredes have significant overlap, generally a new Ephemeris is available every 2 hours even though fit validity is 4 hours.  We pick Ephemeredes so that we have about 4 hour spacing from one to the next.  We wind up calculating 1,191 delta-Ephemeredes across 29 different SVs.  
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Figure 1

A Cumulative Distribution Function of our results is shown in Figure 1 above.  For 
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, the error in parameter estimation from [1] is about 1 part in 106 at the median, although it rises quite a bit higher than this for a significant fraction of the 1,191 delta-Ephemeredes considered here.  For af0 and 
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 the median errors are quite a bit higher.  Further, we see more than 30% of 
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 errors that are quite large.  As these seem to be associated with significant updates in orbital model, it is quite likely that a dedicated Long Term Orbit system would use ephemeredes that did not suffer from these jumps.  However, the better 70% of 
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 parameter errors are representative of what could be achieved using [1].  
Figure 1 does not indicate whether the errors are significant.  Figure 2 below shows a Cumulative Distribution Function of the errors in parameter estimation, but now the error is expressed in Least Significant Bits, LSBs, the unit in which these parameters are quantized for sending in the GPS ephemeris format.  
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Figure 2

The median errors in 
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 are 2,097, 17, 302,387, and 1,513 LSBs, respectively.  And of course many parameters have much higher errors than that as can be seen from the CDF.  
4 Discussion and Conclusion
The result of using equations from [1] to estimate Ephemeris Keplerian parameters 
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 are errors in these parameters ranging from tens of LSBs for af0, up to hundreds of thousands of LSBs for 
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.  This is more error in Ephemeris than can be tolerated for Long Term Orbits.  This means that instead of compressing delta-ephemeris data, the fallback capability in [1] to uncompressed ephemeris will be needed which will obviate any benefit. We thus suggest against further consideration of the version of Delta-Ephemeris described in [1].  
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