Naval Academy Summer Seminar 2008

Astronautical Engineering

Global Positioning System (GPS)


GPS: Man has used celestial navigation (navigating by the stars) for thousands of years.   Today’s Navy  uses celestial navigation as a backup, but now uses the “new celestial navigation” called GPS (Global Positioning System).  Although this system was designed for the military, the US government now releases the highly accurate (10 m [30 feet]) navigation information to consumer devices for everyone.

GPS uses precise signals from atomic clocks.  The GPS receiver uses the time of arrival of these signals from at least four satellites to obtain a good “fix” on position – three to provide distance and one to provide timing for determining the precise solution.
GPS Receiver Display:  The handheld GPS receiver uses an omni directional antenna that receives signals from all satellites above the horizon.  To see how GPS works, you will form teams to experiment with these receivers.  Hold the units away from your body so you do not block the signals from the satellites.  Allow the units to “settle out” before taking data (ensure at least three satellites have solid readings on the bar graph).    Use the PAGE key to cycle through the various display pages.
Satellite Plot Page: The center of the display is overhead, the middle ring is 45˚ down from overhead, and the outer ring represents the horizon.   Signal strength is indicated by a bar graph on the bottom of the display.  The upper left corner shows GPS status – it should be in 3D navigation mode.

Position Page:  A compass displays true heading for a moving unit and the second line shows track course and speed.  You have to be moving at a good walking speed for this to work.  The third line is distance traveled and current altitude.  The fourth line is the position data, and the last line is the time (in UTC).

Track Plot Page shows the scale (nautical miles) and allows the user to zoom in or pan (shift the center up, down, left or right).  The display shows the track, with the current position at the center.  Heading and speed are shown.  For a point of reference, the chapel dome is approximately south.
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Procedures for the GPS experiment:

Use the three GPS units with your team  to do the following procedures, recording your position on the chart provided at the end of each leg.  Make sure the GPS unit is locked-on in 3D mode and has settled out before you record your data.

1)   Proceed out towards the center of the plaza  and locate the Start of the GPS experiment.  Beginning at that location, make some initial observations before you begin:

a)  Which satellites are in view? ________, ________, ________, ________, ________, _______

b)  Are the satellites widely separated  to provide a good geometric fix? ____________________

c)  Are any of them blocked by the buildings?   Which ones? _______, _______, _______

2)  Use the GPS to navigate around the plaza according to the following route instructions.  Watch carefully the changes in your three GPS displays as far as your speed and direction traveled, the signal strength of the satellites and the Track plot page.  Walk counter clockwise around the perimeter of the plaza to the top of the stairs.

3)  Observe your altitude.  Then proceed down the steps  to the next lower level.  What is your new altitude?  __________.   GPS is not very accurate in altitude, so sometimes the difference may not be noticeable.

4)  Return to the light post where you began and note which satellites are in view and with good signal strength.  Then move adjacent to the front doors of Rickover and after 15 seconds to let the signals stabilize, observe if there are any significant differences in signal strength from the satellites.  Which ones are blocked by the building?

________, ________, _________.

5)  Now would be a good time to set your wristwatch to GPS time if you like to have the best time available.  GPS time is precise to a few nanoseconds or the time it takes light waves to go one foot at the speed of light.  .From a consumer grade GPS, however, the time output is not quite as precisely presented, but is good to about 0.1 microsecond or one millionth of a second.
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