Results of Testing on 7/29/2002

On a sunny afternoon, I performed testing with the purpose of comparing the times need to obtain a fix in five different download situations.  The receiver used was the Rojone unit and the antenna was the Bluefin AUV GPS patch antenna.  The tests were performed on the deck on the North end of Building B expansion.  The conditions of cold, warm, and hot are the various states the GPS receiver can be in when trying to obtain a fix.  The situations were taken in the following order:

1. Cold start with antenna connected the entire time

a. Memory cleared.  No position, almanac, ephemeris, time, or clock drift known.

2. Cold start with antenna disconnected/connected every 10 seconds

a. Memory cleared.  No position, almanac, ephemeris, time, or clock drift known.

3. Warm start, with init, and antenna disconnected/connected every 10 seconds

a. Init implies all initialization data is cleared.  The Almanac is retained.  No sky search needed

4. Warm start, without init, and antenna disconnected/connected every 10 seconds

a. All initialization retained except ephemerides 

5. Hot start with antenna disconnected/connected every 10 seconds.

When the receiver can't obtain a fix during the 10 second connected/disconnected intervals the antenna will be connect a longer time at the end of the test.  This is because I am interested in focusing on the channels that will be used in the solution of the first fix.  When a first fix is never achieved it is not possible to be sure which channels would have been used in calculating the solution.  The sirfdemo changes the display for the channels used in the solution to be green once a fix is determined. 

Cold Start

When the receiver is started in cold start it does not have a current almanac or GPS time.  The SiRF demo program states that forcing a cold start "clears all data that is currently stored in the internal memory of the Evaluation Unit including position almanac, ephemeris, time, and clock drift."  First, the receiver must perform a sky search and determine which satellite vehicles are in view.  Then once the list of SVs in view is calculated the download process begins.  The response of the channels used in calculating the solution are plotted vs. time and broken up by the various stages of the download process.  We can see in the case where the antenna is left attached (figure 1) the entire time the total time for a first fix is around 30 seconds.  The first fix happened shortly after the receiver is able to download the ephemeris from three satellites.  The time need for downloading these ephemerides is around half of the total time need to obtain a fix.  When subsequent satellite vehicles were acquired they were then added to the solution to refine the fix position.  We can see from the plot of Figure 1 that in order to download the ephemeris data on any channel we need around 15 seconds of uninterrupted signal from each satellite vehicle. 
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Figure 1
Next the receiver was cold started and the antenna was connected/disconnected every 10 seconds (20 second period).  The response is shown in Figure 2.  The receiver is not able to obtain a fix until the connect/disconnect time was increased to 20 seconds.  The antenna was left connected once I was convinced that the receiver would not get a fix with the period of break in the antenna signal.  This time was around 400 seconds into the test.  The total elapsed time is not indicative of a longer time need to obtain a first fix.  It's more or less an arbitrary time.  The important information from Figure 2 is that the ephemeris download is the stage of the process that we're usable to complete.  Our SiRF and Garmin receivers do not have the ability to piece together ephemeris data from multiple short connections to satellite signals.  
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Figure 2
Warm Start

When the receiver is started in a warm start situation it already has an almanac and time.  This allows the receiver to skip the sky search step because it already can determine the list of satellites in view.  The receiver does need to download current ephemerides in warm start.  Again I connected or disconnected the antenna every 10 seconds.  After I was convinced that I would not obtain a fix, I increased the "antenna connected" time to at least 20 seconds.  After the "antenna connected" time was increased the receiver did obtain a fix.
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Figure 3
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Figure 4
Hot Start

The hot start is the "most initialized" way of starting the receiver.  In this mode of start-up the almanac, time, and ephemeris data are known.  Note the zero times for ephemeris downloads (blue bars) since we already have valid ephemerides.  The time needed to generate a solution is much less than it does from a cold or warm starts.  The receiver can almost immediately start tracking C/A code and triangulate a solution.  The antenna was again connected/disconnected every 10 seconds.  The receiver was able to generate a solution, on average, within the 10 seconds of contact with the satellite signals.  
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Figure 5
Conclusion

When the wave wash-over period is shorter than once every 15 seconds it is not possible to download new ephemeredes from the visible satellite vehicles.  The ephemeris data will never be downloaded if the GPS antenna signals are blocked every 10 seconds for a time period up to and exceeding 10 minutes.  Our receivers can't build the ephemerides from short intervals of GPS reception.  When starting in the "hot start" state, without having to download ephemeris from each satellite vehicle, the GPS receiver needs only 10 seconds of uninterrupted signal to obtain a fix.

