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I. Introduction

It has been recommended that the full implementation of Galileo and GNSS in general should include the option to extend the satellite orbits beyond that provided by the native format.  This paper describes a technique that provides this feature using a transport efficient implementation that utilizes the satellite positioning equations already in use for GPS and Galileo satellites.

II. Background

It is observed that the degradation in the line of sight range calculation from a point on earth to a satellite vehicle (SV) is quite small when using a six-hour fit of the broadcast Keplerian ephemeris parameters when compared to the four hour fit.  Thus we recognize and use the efficiency gained by simply extending the use period for the standard broadcast ephemeris.   Figure 1 shows the average error when a six-hour fit is chosen over a four hour fit.  The figure shows that 90% of the calculations using a six-hour fit rather than a four our fit result in less than a one-meter error, including both the satellite range error and the clock error (represented in meters) combined.  This analysis was performed over a one-week period in fifteen-minute intervals for all satellites visible at a point chosen to be SiRF’s San Jose location.  

Further efficiency is found by providing a compressed record containing the delta to the full Keplerian terms.  Fewer bits are required to transmit the delta terms for each of the Keplerian orbit parameters, but results in the same accuracy as if the full Ephemeris were transmitted.  Table 1 shows the bit requirements for the full Ephemeris VS the delta Ephemeris.

The beauty of this technique is that the application of the delta Ephemeris terms to the existing values allows the system to utilize the same satellite positioning algorithms already in place.
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Table 1
	Parameter
	Bits (Full)
	Bits (delta)
	Avg. Bits Used for Update

	GANSS Ephemeris Extension (Once Per Message)

	validityPeriod
	2

	numSets
	5

	satList
	64

	The following terms occur for each satellite in the satList 

	referenceIODE
	8

	The following terms occur once for each set (numSets+1 times)

	toe=toc
	16
	0
	0
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	af0*
	28
	3
	3

	af1*
	18
	2
	2

	af2
	12
	2
	2

	tgd
	10
	2
	2

	Total
	426
	203
	213.02


*Use the associated rate term for extrapolation before applying the delta correction as follows:

· 
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· af1 (i+1) = af1(i) + af2(i)*dt

· af0(i+1) = af0 (i) + af1(i+1)*dt 

Where 
[image: image24.wmf] is the universal gravitational parameter and is equal to 3.986005e14
III. Conclusion

Using this technique of compressed Kepler orbit parameters offers a great savings in over the air data transmission while preserving the satellite positioning algorithms already in place.  On average, in 24 hours, this technique requires that 1065 (1065 = 426 + 3*213) bits be transmitted per satellite to the user equipment.  This delivers one full Ephemeris & clock upload per satellite and three delta packets.

Without compression, using the standard four-hour orbit model the bit transfer requirements would be 426 bits per satellite, per model.  A 24 hour period would require six models be sent, requiring 2556 bits.  

Thus in a 24 hour period the bit efficiency achieved per satellite by sending the delta packets and using a six-hour fit results in a savings of nearly 58% ≈ (2556-1065)/2556 over the traditional Kepler model and usage.  Using a 27-satellite constellation for a 24-hour period, the over the air transfer requirement is 3618 bytes, a savings of 5022 bytes over the traditional method.  This savings is achieved without adding to the complexity of the satellite positioning algorithms.
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