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Abstract

The Cooperative Research Centre for Satellite Systems (CRCSS) will be launching FedSat, Australia's Federation Satellite, into a low earth-orbit (LEO). FedSat will carry a GPS signal receiver which will allow measurement of ionospheric Total Electron Content (TEC), amongst other experiments. 

It is intended that the GPS receiver aboard FedSat will be used to record ionospheric TEC from GPS satellites in two ways: Occultation and LEO (low-earth orbit) underflights. Ground based measurements of TEC from GPS satellites, as well as space-based measurements on FedSat during GPS underflights, will enable a more accurate measurement of the distribution of ionospheric TEC than that measured from the ground based receivers alone. Using inversion techniques, the limb sounding TEC data will be inverted to obtain the vertical electron density ionospheric profiles.

Introduction

The Cooperative Research Centre for Satellite Systems (CRCSS) will be launching FedSat - "Australia's centenary satellite", which is an Australian designed microsatellite, It is intended to launch the satellite in celebration of the centenary of Australia's federation. The current schedule is to launch the satellite in the latter half of the year 2001. The satellite will be situated in an 800 km sun-synchronous orbit (which allows the satellite to be visible at a given location at approximately the same time each day), with high inclination of 98.6( and an orbital period of approximately 100 minutes. This orbit will carry the satellite through the earth's polar regions, and has been chosen so that the satellite will also pass through the boundary region between the lower density magnetosphere (the inner plasmasphere) and the higher density topside ionosphere. This will allow magneto-ionospheric coupling to be studied in great detail. FedSat will be operational for approximately four years. During this time, the sun will be in a period of high sunspot activity. This activity will gradually decrease from a maximum in 2000 to medium levels at the end of the satellite's life. Ionospheric Total Electron Content will be obtained from a GPS TEC receiver mounted on the satellite. Studies of the data obtained from the GPS experiments will contribute to greater understanding of solar-terrestrial interactions and their consequences for communications and power transmission on Earth. 
Uses of FedSat Data

The primary purpose of the project is to study the effects of the time-varying atmosphere (primarily the ionosphere) on radio propagation.

Total electron content data obtained from the GPS receiver mounted on FedSat will be used to obtain data in two situations; GPS occultations and GPS/LEO underflights. The probabilities of these two satellite geometries arising were discussed for four possible configurations of GPS receivers on LEO satellites by [1].

The first situation involves a GPS satellite (in an approximately 20,000 km altitude orbit) being visible from the FedSat (in an approximately 800 km altitude orbit), as shown in Figure 1(a). The resulting "horizontal slices" which arise as the "fast-moving" LEO satellite (relative to the high altitude GPS satellite) occults the lower atmosphere and ionosphere, can then be reconstructed by tomographic techniques into a 2-dimensional map of ionospheric TEC. 

The second situation arises when the FedSat is passing approximately below the GPS satellite, as shown in Figure 1(b). This situation enables an accurate calculation of vertical TEC, along the raypath from the FedSat to the ground. This is made possible by simultaneously measuring the TEC from the GPS satellite to the ground receiver and one satellite to the other, then subtracting the second measurement from the first. These measurements can be used to obtain accurate plasmaspheric contributions to vertical TEC, and also allow the determination of topside ionospheric TEC structure. It is not possible to extract these parameters from TEC measurements made from ground-based GPS studies. 
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Figure 1. (a) GPS Occultation Geometry; (b) GPS/LEO Underflight Geometry

Coordinate Systems

Two sets of coordinate systems are to be used when dealing with the FedSat/GPS TEC data. The earth-centered inertial (ECI) coordinate system is based on an inertial reference frame, in which the earth rotates. It is used chiefly when dealing with satellite to satellite measurements, which makes it an ideal basis for the GPS occultation measurements. These measurements are considered from the point-of-view of the satellites, and there is no need for a fixed reference point on the ground. The earth-centered, earth-fixed coordinate system uses a stationary earth as its reference point, which makes it most useful for ground based measurements. This is the case when considering the GPS/LEO underflight situation, which is measured from the point-of-view of a fixed ground-based observer. It is also necessary to be able to convert measurements from one reference frame to the other. To convert coordinate systems, one has to take into account the effects of the earth’s precession and nutation, which are respectively the gradual motion and short term oscillations of the earth's poles caused by external gravitational effects. Also, polar motion must be take into account. Polar motion is the irregularly varying motion of the earth's pole of rotation, measured with respect to the earth's crust. 

The transformation from the ECI (or J2000) coordinate system to the ECEF (including polar motion) coordinate system, is given by the following matrix equations [2];
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where the transformation matrices are;

Polar Motion:
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Sidereal Time:
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Nutation:
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Precession:
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Prediction Software

The prediction software has been developed in Research Systems Inc.'s Interactive Data Language (IDL) format. There are three main programs used to process satellite orbit calculations. These are PNES.pro, IJK_ECEF.pro and SATCALC.pro. 

PNES.pro (propagation of NORAD element sets) is used to read NORAD's two-line-element sets and convert these to ECI coordinates of a given satellite's position for a desired time period. The program makes use of the SGP4 and SDG4 orbital models, discussed in detail in [3]. The SGP4 model is used for near-earth satellites, whilst the SDP4 model is used for deep-space satellites.
The program IJK_ECEF.pro is used to convert satellite and observer positions input in ECI coordinates to ECEF coordinates, using the equations from [2] established above.

SATCALC.pro converts the satellite's position in ECI coordinates to geographic latitude and longitude, as well as giving azimuth and elevation angles, relative to a fixed observer, which can be input to suit the user. 

The programs were tested for accuracy using the test cases supplied with Spacetrack Report No. 3. [3], and were found to be accurate to 6 decimal places. It was found that IDL does not use the IEEE standards for representing digits, and that by implementing this standard a further 2 or more decimal places in accuracy is possible.

Examples of the satellite predictions obtained for both LEO satellites (represented in this case by a DMSP satellite), and GPS satellites, are presented in Figures 2 and 3.  Both figures show the satellite ground track (in geographic latitude and longitude) and the satellite's azimuth and
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Figure 2. Plot of LEO ground track using DMSP satellite to illustrate FedSat/LEO orbit path (as viewed from Melbourne), with two complete orbits shown in 5-minute increments
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Figure 3. Plot of GPS satellite ground track (as viewed from Melbourne),

with two complete orbits shown in 20-minute increments
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Figure 4. Plot of all GPS satellites visible from Melbourne on 10/11/99, from 00:00 UT until 01:00 UT, shown in 5-minute increments
 
elevation angles (in degrees) as observed from the given observer's position of Melbourne (indicated by black cross). Two complete orbits for each satellite are shown, with the DMSP satellite position (Fig. 2) plotted at five-minute intervals, and the GPS satellite position (Fig. 3) plotted at 20 minute intervals. Figure 4 shows all the GPS satellites visible from a given location (in this case Melbourne) in a one-hour time period, above an elevation angle of ten degrees. In this case 12 GPS satellites were visible from Melbourne in the period from 00:00 to 01:00 on 10th of November, 1999.

Conclusions and Future of Project

Total electron content (TEC) data obtained from GPS/LEO underflights and GPS occultations will allow a detailed study of the topside ionosphere and will also allow the accurate determination of plasmaspheric contributions to TEC measurements from GPS satellites alone. These measurements will also be useful in the analysis of magneto-ionospheric coupling.

The satellite prediction software in development is able to predict the positions of satellites in both low-earth orbit (LEO) and high altitude orbits (e.g. GPS), by reading NORAD's two-line elements and using the SDP4 and SGP4 orbital models to calculate the satellite's position in earth-centred inertial (ECI) coordinates. These coordinates can be transformed to earth-centred, earth-fixed (ECEF) coordinates for use with ground based measurements. In both cases, the satellites' latitude, longitude and elevation and azimuth angles for a given observer location are available as output parameters.

The software currently developed needs to be modified to be able to predict the position of any satellite at any given location at any desired time. From this, the software then needs to be able to predict the occurrences of GPS-underflight and occultation conditions. From these measurements, the number of useable underflight and occultation configurations in any given period will be able to be determined.

As a test of the accuracy of the software, results will also be compared to predictions made by the GIPSY-OASIS II software, developed by NASA/JPL. GIPSY-OASIS II is a set of UNIX based software, used for highly accurate GPS orbit and ground station position determination.
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