Cospas-Sarsat
Independent Locating Techniques
Doppler Locating

1. The Cospas-Sarsat low Earth orbiting Determination of beacon location using Doppler frequency shift between the beacon and an Earth-orbiting satellite is based on two principles of geometry illustrated in Figures 1 and 2.
2. Figure 1 shows the frequency of the beacon as received by the satellite vs. time for two satellite passes (1 & 2) as follows:

Pass (1) depicts the maximum elevation angle of the satellite (as viewed from the beacon) about 60 degrees above the local horizon. At time t0 (when the satellite first comes into view on the horizon) the distance between the beacon and the satellite is at its maximum. At this time, the velocity of the satellite towards the beacon is at its maximum, resulting in an apparent increase of the beacon carrier frequency (termed Doppler shift) as measured at the satellite. As the satellite elevation angle increases, its velocity relative to the beacon decreases, resulting in a decreasing Doppler shift as measured at the satellite.

This process continues until time ttca, when the satellite is at its maximum elevation angle as viewed from the beacon. This is the Time of Closest Approach (TCA) between the satellite and the beacon. At this moment the velocity vector from the satellite towards the beacon passes through zero, and becomes negative, and the satellite begins moving away from the beacon, resulting in a change of sign of the Doppler curve (the inflection point). As the satellite continues its orbit, the velocity vector away from the beacon continues to increase, becoming greatest as the satellite disappears below the local horizon (when the Doppler shift is at its negative maximum).

Pass (2) depicts a low elevation pass where the maximum elevation angle of the satellite is approximately 20 degrees above the local horizon.

3. Figure 2 shows the ground tracks of two consecutive passes (1 and 2) of the same satellite, which occur about 100 minutes apart. Since the orbit of the satellite is precisely known, the point of TCA along the ground track can be easily determined. Also, the slope of the Doppler curve at TCA allows the distance and direction (either east or west) that the beacon is from the satellite ground track at TCA to be determined. This provides two possible solutions for the beacon location, 1A and 1B. A second satellite pass provides another set of possible solutions, 2A and 2B, which resolves the ambiguity of a single satellite pass, in this example, the location indicated by 1B and 2A.

4. An additional component of Doppler shift is the effect of the rotation of the earth, which causes an increase in Doppler shift if the beacon is west of the satellite ground track, and a corresponding decrease when the beacon is east of the satellite ground track. This effect is greatest if the beacon is located at the Earth’s Equator, and decreases to zero if the beacon is located at either Pole. The Ground Station Doppler processor accounts for this small Doppler shift and uses it to calculate the probability that the “A” solution is the True location (and conversely that the “B” solution is actually an image). The ability to make this determination depends on the beacon signal being very stable (as is the case with Cospas–Sarsat 406 MHz beacons), and on the beacon location being in low to medium latitudes. Experience has shown that with 406 MHz beacons the side “A” probabilities generally exceed 70%, and often are above 90%, allowing search and rescue resources to be committed even before the A--B ambiguity is resolved by a second satellite pass.
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MEOSAR Locating
5. In contrast to Doppler processing used by LEOSAR, which requires multiple beacon signals and one available satellite to determine a location, MEOSAR can determine a location from a single beacon signal and uses three or more satellites to do so. The two techniques used by MEOSAR are frequency difference of arrival (FDOA) and time difference of arrival (TDOA).
FDOA

6. FDOA, also frequently called differential Doppler (DD), is a technique MEOSAR technique analogous to TDOA discussed below for estimating the location of a radio emitter based on observations from other points. MEOSAR uses TDOA and FDOA together to improve location accuracy. By combining TDOA and FDOA measurements, instantaneous geolocation can be performed in two dimensions.

7. It differs from TDOA in that the FDOA observation points (orbiting satellite receivers) must be in relative motion with respect to each other and the beacon. This relative motion results in different Doppler shift observations of the beacon signal. The beacon location can be estimated with knowledge of the satellites’ exact locations and vector velocities and the observed relative Doppler shifts between pairs of locations.

8. A disadvantage of FDOA is that large amounts of data must be moved between satellites and a single MEOLUT to do the cross-correlation needed to estimate the Doppler shift.

9. The accuracy of the location estimate is related to the bandwidth of the beacon signal, the signal-to-noise ratio at each satellite receiver, and the geometry and vector velocities of the beacon and the satellites.

TDOA

10. Multilateration, also known as hyperbolic positioning, is a process that MEOSAR will use to locate a beacon by accurately computing the TDOA of a signal emitted from the beacon to three or more satellite receivers. 

11. A pulse emitted from a beacon will arrive at slightly different times at two spatially separated satellite receivers, the TDOA being due to the different distances of each receiver from the beacon. With two receivers at known locations, an emitter can be located onto a hyperboloid. The receivers do not need to know the absolute time at which the pulse was transmitted - only the time difference is needed. (A Hyperboloid is quadric surface generated by rotating a hyperbola around its main axis, and a hyperbola is an open curve formed by a plane that cuts the base of a right circular cone.)

12. A third receiver (satellite) at a third location would provide a second TDOA measurement and locate the emitter on a second hyperboloid. The intersection of these two hyperboloids describes a curve on which the beacon is located.

13. With a fourth receiver, a third TDOA measurement is available and the intersection of the resulting third hyperboloid with the curve found with the other three receivers defines a unique point in space. The beacon’s location is therefore determined in 3D.

14. In practice, errors in the measurement of the time of arrival of pulses mean that enhanced accuracy can be obtained with more than four receivers. And, the TDOA of multiple transmitted pulses from the emitter can be averaged to improve accuracy.
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Figure 2:  Satellite Ground Track





Figure 1:  Doppler Plot








[image: image1]