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ABSTRACT

An open loop procedure for antenna tracking with application to ground terminals following low altitude satellites is described where the signal source follows an estimated trajectory.  This procedure consists of an initial acquisition and the means to follow and update the estimated trajectory.

I. Introduction

One antenna tracking procedure, referred to as “step track” (Ref. 1), is an open loop method that does not require the expense and complexity of a closed loop tracking system and feed design.  The signal location is assumed known within the uncertainty of the antenna’s main beam and the antenna is initially pointed at the estimated signal location.  The antenna is then open loop commanded by equal and opposite angular displacements from this estimated signal location, e.g. in the azimuth direction, and the received signal level is measured at both angular displacements.  Likewise, the antenna is also open loop commanded by equal and opposite angular displacements in the orthogonal plane, e.g., the elevation direction, and again the signal level at each displacement is again measured.  If the signal level in each plane is identical at both angular displacements, the antenna is correctly boresighted with the signal.  Differences in the signal level at the two angular offsets can be used to realign the antenna so that the boresight axis is coincident with the signal path direction.

The step track procedure is commonly used for relatively stationary signal sources such as geosynchronous satellites.  Depending on the satellite’s stationkeeping, the antenna’s beamwidth, and local wind conditions, the step track procedure can be repeated to validate correct signal alignment and thus maintain maximum system sensitivity.  For other satellite orbits, however, the signal undergoes a dynamic variation, and the antenna must follow the orbital motion.  For low altitude orbits as used by meteorological satellites, satellite motion during the measurement interval results in invalid signal level measurements for the step track procedure.  What is described is an open loop procedure for signal acquisition and verification of the signal trajectory for the case in which the antenna is required to track the dynamic motion of the signal.

II. Rate Corrected Step Track Procedure

This procedure has two phases.  The initial phase is the signal acquisition which for the satellite case, is when the satellite first comes into view.  The second phase validates and refines the estimated trajectory, which for satellites, is derived from the terminal’s 
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geographic location and the satellite ephemeris.

A. Initial Acquisition

The location of the terminal and the satellite’s ephemeris provides an estimate of the signal trajectory.  An initial estimate of the time and the azimuth angle at which the satellite clears the horizon is obtained from this information, and the azimuth and elevation variations as a time history while the satellite is in view can be obtained as well.  If the satellite ephemeris is known with high precision, the tracking can be accomplished by simple open loop commanding, referred to as program track.  In this case, this step track method provides validation of the program track accuracy.  However, the accuracy of the ephemeris, particularly if it is not recently updated, is sometimes in question, and this technique provides the necessary means to align the antenna with the received signal.  Generally, the goal of antenna tracking for communication systems is to align the antenna within one-tenth of the antenna’s beamwidth which limits the antenna pointing error to about 0.1 dB.

The initial acquisition of the satellite has two components.  The first component is the receiver acquisition of the signal.  The second component is the spatial alignment of the antenna with the satellite’s orbital position.

Several variations of the receiver acquisition exist depending on the system design.  One system design derives the signal strength measurement by using a carrier recovery loop to measure the received carrier power.  Narrow bandwidth filtering about the carrier frequency provides high sensitivity, and the doppler tracking of the received signal is also indicated for the data receiver.  Another variation derives the tracking by measuring the total power of the received signal; a matched filter response with the signal waveform is used to obtain tracking sensitivity.  In some designs, the signal strength is derived from the AGC output of the data receiver.  Yet another variation uses a simple tracking receiver separate from the data receiver to obtain the received signal power.  Independent of the system design, the antenna tracking techniques require a measurement of the received signal strength and its variations.

The spatial acquisition of the signal follows the following steps.  Prior to the estimated satellite arrival, the antenna is positioned to the estimated azimuth angle where the satellite clears the horizon.  Because of ephemeris uncertainties, positioning the antenna prior to the satellite arrival is recommended; typically, ephemeris inaccuracies result in principally inaccuracies in the arrival time and to a lesser degree, inaccuracies in the azimuth position.  It is recommended that the antenna boresight be positioned somewhat above the horizon, and that the antenna be swept back and forth in azimuth until the receiver acquisition occurs.  By maintaining the antenna at a constant elevation angle, multipath variations that occur with elevation angle changes are minimized.  Initially, the azimuth variation spans the uncertainty in the satellite motion until the anticipated horizon clearing of the satellite.  If the receiver has not acquired at that point, the azimuth search is widened.  The azimuth and elevation rates of the orbit are modest at this point, so that time exists for the satellite search.

Once the receiver has acquired the signal, the process of the antenna’s spatial alignment can proceed.  The alignment in azimuth is performed first.  Received signal level values during the azimuth scan are used in this process much as are used for the common step track procedure.  If the azimuth variation simply toggles the antenna between two azimuth positions, the relative power levels at each point can be used to align the antenna in the azimuth.  If the azimuth scan is a continuous process, a fit between the known antenna pattern and the measured signal power variations can be made to determine the correct azimuth position.  Such procedures should provide the correct azimuth alignment.  If the technique is used with very narrow beamwidth antennas and high signal margins, the possibility exists that the antenna is aligned on a sidelobe.  While the narrower sidelobe beamwidth is one indication of this possibility, a separate guard antenna and a received signal comparison between the main and guard antennas is the usual means to determine this sidelobe alignment.

Throughout this period, the elevation angle of the antenna remains fixed.  As the satellite increases in elevation, the received signal varies in accordance with the antenna pattern.  Since this portion of the trajectory is at low elevation angles where multipath is an issue, measuring the received signal during the elevation rise and fitting the data to the antenna pattern is an appropriate averaging technique.  From such data, the antenna boresight can be realigned with the satellite.  At this point, the receiver has acquired and the antenna is correctly aligned in both azimuth and elevation coordinates.

B. Trajectory Tracking

Following the initial acquisition, the estimated trajectory is used with validation to follow the satellite.  The accuracy of this trajectory derived from the ephemeris is indicated in part by the correspondence between the anticipated and actual acquisition parameters, i.e., the azimuth angle and time of acquisition comparison.  Initially, the antenna is positioned in accordance with the estimated trajectory and the correctness of this positioning is validated by the rate corrected step track procedure.

While the conventional step track technique provides angular displacements in azimuth and elevation directions, since the signal source is moving in both coordinates, such a procedure results in coupled measurements between the coordinates.  Instead, the motion for the sampling for the rate corrected step track is in the cross track and intrack directions.  The sampling times for the validation also vary in accordance with the azimuth and elevation rates.  An elevation over azimuth positioner is assumed in this discussion.  At low elevation angles, the rates are modest.  At higher elevation angles, the angular rates increase, particularly the azimuth rate.  Thus, the sampling rate at higher elevation angles is more frequent than at lower elevation angles.

For the cross track alignment, the antenna is open loop commanded by equal and opposite amounts in the cross track direction.  As described in Ref. 1, the optimum angular displacement for tracking sensitivity corresponds to the antenna’s –4.3 dB level.  However, the system must maintain the signal fidelity (BER) performance so that the angular displacement is limited by the available system margin.  Thus, the angular displacement is selected by the received signal strength relative to the system threshold level for data fidelity.  The motion of the antenna is an “s-shaped” curve about the trajectory, and based on the power measurements at the excursion of the “s,” the antenna can be realigned from the estimated trajectory to the actual trajectory.

Two alternatives exist for the in-track alignment.  One alternative is to command the antenna by equal and opposite amount in the in-track direction.  The realignment is then based on the signal differences at the commanded positions.  The second alternative is to accelerate the antenna in the in-track direction and then slow the antenna allowing it to drift through the main beam peak.  Again, like the procedure recommended in the elevation alignment in initial acquisition, the measured signal variation can be fit to the antenna pattern and realignment to the beam peak can be made based on this pattern fit.

Generally, this technique would be repeatedly used in a given location.  Consequently, a history of received signal levels can be constructed.  Such a history can serve several purposes.  In the initial acquisition, locking on a sidelobe will have a much lower signal level than anticipated.  During the trajectory, the received signal strength can be compared with the historical base and the need for additional sampling can be verified.  Similarly, under windy conditions, the received signal level contrasted with the historical data can indicate the need for additional sampling.  Finally, consistently lower signal levels than anticipated during the trajectory can indicate equipment malfunction.

III. Summary 

An open loop antenna tracking procedure for signal sources with an estimated trajectory has been presented.  This procedure extends the conventional step track technique for signal sources that are stationary and provides the means to validate tracking when dynamic motion of the signal source occurs.  This technique follows the rates of the signal source motion improving the accuracy and response of the system.  A principal advantage of this technique is that the cost and complexity of closed loop tracking techniques are avoided.
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