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      	An Introduction

      to GPS
    

  

  

  In order to make the best use of a GPS, it is important to have at least a basic understanding of the way it works. This chapter gives an overview of the Global Positioning System, describes how it operates, and explains how it can be used to determine a precise location anywhere on earth.

  The idea of a Global Positioning System or GPS was conceived in the 1970s by the U.S. Department of Defense (DoD). The original motivation behind the development of the system was the need for ballistic missile submarines to accurately determine their position before launching missiles. The other positioning systems available at that time were limited in range, too complicated, affected by atmospheric conditions, or subject to jamming and interference.

  The backbone of the GPS system is a constellation of 24 NAVSTAR satellites located in precise orbits, each approximately 10,900 miles above the earth. These satellites were launched by the DoD at a cost of $12 billion. Each satellite weights about 4,000 pounds and is approximately 17 feet long with its solar panels extended. The satellites orbit the earth every 12 hours. They have an estimated life of seven and a half years each, but the system will be maintained, and new replacement satellites are planned.

  In addition to the 24 GPS satellites, five ground stations monitor the satellites to make sure that they operate correctly and maintain their exact position in space. The ground stations are located in Hawaii, Ascension Island, Diego Garcia, Kwajalein, and Colorado Springs.

  Each GPS satellite contains a high-frequency radio transmitter that sends information back to earth. A GPS receiver locks on to these signals, and by a process known as triangulation—which will be discussed in more detail shortly—can accurately determine its location anywhere on earth. GPS operates 24 hours a day and in all weather conditions. This allows GPS to be used for precise navigation on land, on water, and in the air.

  TRIANGULATION

  The concepts behind the operation of the GPS are relatively simple, although the electronics required are quite sophisticated. Basically, a GPS receiver determines position by calculating the distance to three or more of the GPS satellites by a process loosely referred to as triangulation.

  For example, let’s assume that we find ourselves at a point in space 11,000 miles from a particular GPS satellite. This would mean that we could be located at any point on the surface of a sphere with a radius of 11,000 miles that is centered on the particular GPS satellite (see illustration). Next, suppose that we determine the distance from our (as-yet-unknown) location to a second GPS satellite and find that this distance is 12,000 miles. This implies that we are also located on the surface of a second sphere with a radius of 12,000 miles centered on the second satellite. Now we can see that we must be located somewhere on the circle that is defined by where the two spheres intersect. If we calculate the distance between our location and a third satellite and find that this distance is, say, 13,000 miles, then using the same logic as before we find that we must be located on either one of the two points defined by the intersection of the three spheres. Usually one of these two points can be eliminated as a possible location because it is unrealistically far from the earth, or for other reasons. However, we can determine our true location without any guesswork by measuring the distance to a fourth GPS satellite. As we will see later, there is also another advantage in using a fourth measurement.
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  We are somewhere on this sphere.
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  A second satellite narrows down our location.
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  A third satellite puts us at either of two points. Courtesy Timble.

  MEASURING DISTANCE

  All this may seem well and good—but how do we determine the (generally large) distances between our unknown location and the GPS satellites? Rather than measuring these distances directly, which would be a challenge, a GPS receiver measures the time it takes for the radio signal transmitted from each satellite to reach the location of the receiver. Since radio waves travel at the speed of light, which is roughly 186,000 miles per second, by measuring the time it takes for the signal from each satellite to travel to the receiver, the distance from the receiver to the satellite can be calculated by multiplying the travel time by the speed of the radio waves. We use the same process when we determine that an automobile traveling at 50 miles per hour for 3 hours travels 150 miles (50 miles/hour × 3 hours = 150 miles).

  PRECISE TIME MEASUREMENT

  At this point, it may seem that we have just traded one difficult problem for another. While measuring the distance from an unknown point to a satellite in space may seem complex, determining the time it takes for a signal traveling at 186,000 miles per second to cross that distance is obviously going to require a very accurate stopwatch. Even if the satellite is 15,000 miles from the GPS receiver, it will take only a little more than 0.08 seconds for the signal to reach the receiver.

  Time measurement this accurate is accomplished by having each satellite generate its own unique signal, which is also stored in the GPS receiver. The receiver essentially compares the internal signal with the one received from the satellite—which of course is delayed, since it has had to travel some 11,000 miles or more to reach the receiver. The time difference between a certain signal value in the internal signal and the same value in the delayed satellite signal is equal to the travel time. If we multiply this time difference by the speed of the radio wave, we obtain the distance.

  However, we must still be sure that the clocks in both the satellites and the GPS receivers are precisely synchronized, since small differences in the time kept by these two clocks could represent hundreds of miles of error in the calculated distances. To ensure accurate timekeeping in the GPS satellites, each one is equipped with an atomic clock, which actually uses the oscillation frequency of a particular atom as a time reference. Atomic clocks are the most accurate time-keeping mechanism known to humanity.

  Unfortunately atomic clocks are quite costly, and installing them in GPS receivers would make these receivers so expensive that they would be impractical. Few people would be able to afford them.

  Instead, the GPS developers came up with a clever trick that allows the use of much less accurate (and also much less expensive) clocks in GPS receivers. The trick involves measuring the distance from an unknown point to a fourth satellite. Remember, three measurements would be enough if we could eliminate one of the two possible locations resulting from three satellite measurements.

  If the clock in the GPS receiver kept perfect time and was perfectly synchronized with those in the GPS satellites, then it would be possible to determine an unknown location with only three measurements, assuming that we could logically eliminate the second possible location point. Since in reality the clock in the GPS receiver is imperfect, however, a fourth measurement will indicate a discrepancy between the location predicted by the first three measurements and that predicted by the fourth. The GPS receiver is programmed to recognize that this discrepancy is due to imperfect time-keeping. Since the time offset in the GPS receiver affects all the measurements, the receiver is programmed to look for a correction factor that it can subtract from all four timing measurements so that the predicted locations from all of them lie at single point. By continually repeating this process, the GPS receiver is able to maintain the accurate time needed to determine a specific location. The consequence of this timing-correction trick is that a GPS receiver will need to have at least four channels so that it can pick up the signals from the four satellites it needs to make accurate, time-corrected measurements.

  SATELLITE POSITIONS

  In all the discussion above, we have assumed that the exact locations of the GPS satellites are known so that we can use them as reference points. It turns out, however, that perfect satellite orbits—like perfect timekeeping—are not possible in the real world. Fortunately, things are not as bad as they seem. First of all, the GPS satellites are placed in orbit some 11,000 miles above the surface of the earth. This is a relatively high altitude, and as a result the GPS satellites are free from any interference by the earth’s atmosphere. This means that their positions in orbit can be accurately predicted using relatively simple mathematics.

  In addition, all 24 of the GPS satellites were launched into very precise orbits and spaced around the earth in such a way that signals from at least five of them can be picked up at any point on the globe. The last of the 24 GPS satellites was launched in March 1994. Four additional GPS satellites have been kept in reserve and can be launched to replace any satellites that should fail for some unexpected reason. All GPS receivers have the exact, moment-by-moment location of each GPS satellite stored in their memory.

  Besides inserting the GPS satellites into precise orbits, the Department of Defense continually tracks these satellites with very precise radar. The radar detects any minor variation in the satellite orbits caused by the gravitational pull of the sun or moon as well as any other factor. The errors in position are transmitted back up to the satellites; each one then includes this revised position information in the timing signals it broadcasts.

  OTHER SOURCES OF ERROR

  By now it must seem like we’ve eliminated all the difficulties associated with GPS. As might be expected, though, there are still a few problems. One of these involves our initial assumption that the speed of light is constant. While it is true that the speed of light is constant in a vacuum, as the GPS signal from an orbiting satellite travels to the earth it passes through charged particles in the ionosphere (the outer portion of the earth’s atmosphere) and water vapor in the troposphere (the inner portion of the atmosphere). The signal slows down as it passes through both of these atmospheric layers. The result is an error similar to that caused by bad clocks. Furthermore, once the GPS signal gets to the earth, it can bounce off tall buildings and other obstructions before getting to the receiver. This is called multipath error. Finally, the GPS receiver can pick up noise—signals besides the one from the GPS satellite. All of the above factors can degrade GPS accuracy. There are techniques available to mitigate the effects of these error sources, and most GPS receivers employ several of them. The exact details of such techniques are beyond the scope of this book.

  GPS ACCURACY

  A summary of the effects of each of the various error sources on GPS accuracy is given in table 1. It should be emphasized that the error values listed in the table are in feet and are typical values per each satellite. The errors due to each source are not necessarily cumulative, however; it would thus be incorrect to simply add up the individual error figures for each source to determine a typical range of GPS accuracy with all error sources acting simultaneously.

  TABLE 1. Summary of GPS Error Sources

  

  


  
    
      	Source
      	Typical Error (In Feet)
    

    
      	
        

      
    

    
      	Satellite clocks
      	5.0
    

    
      	Orbit errors
      	8.2
    

    
      	Ionosphere
      	16.4
    

    
      	Troposphere
      	1.6
    

    
      	Receiver noise
      	1.0
    

    
      	Multipath errors
      	2.0
    

    
      	
        

      
    

  

  DIFFERENTIAL GPS

  Differential GPS (DGPS) is a way to provide even more accurate position information. A DGPS system requires the use of two GPS receivers. One of these receivers is placed at a spot that has already been precisely determined—we know exactly where it is located. The second GPS receiver is then allowed to move around normally. These two receivers are generally located relatively close to each other when compared to the distances to the GPS satellites, so both receivers pick up the same signals. However, since the stationary GPS receiver knows its location precisely, it can use the information it receives to determine the timing errors coming from the satellite signals. The stationary GPS receiver then transmits the timing-error-correction information to the moving receiver, which enables it to make much more accurate position determinations.

  Using DGPS, the errors from satellite clocks and orbit irregularities can be eliminated, and errors that occur as the satellite signals pass through the atmosphere can be significantly minimized. Unfortunately, receiver noise errors and multipath errors are still present because they are either unique to the receiver (receiver errors) or occur right at the receiver (multipath errors).

  We mention DGPS because those interested in GPS technology are quite likely to hear this term. However, we believe that DGPS will be of little practical use for outdoor recreation. The added cost of the stationary receiver and the need for a precise location to install it will make DGPS unattractive for most outdoors people. Also, the improvements in accuracy achieved by DGPS are probably overkill for most recreational activities. DGPS’s most significant applications are in fields such as surveying, oil and gas exploration, and mapping, where more accurate measurements are crucial.

  WIDE AREA AUGMENTATION SYSTEM

  The Wide Area Augmentation System (WAAS) is a GPS enhancement that has significantly improved accuracy without the need for an additional DGPS receiver. A system of two geostationary satellites (not the regular GPS satellites) and about 25 ground stations provides signal correction that results in accuracy of 3 meters or less 95 percent of the time. At present this is available only in North America, but the service will likely be available across much of the globe within a few years. At present there are no ground reference stations in South America. GPS users in South America can receive the WAAS signal, but the signal is not corrected and so does not improve the accuracy of the GPS unit. In Asia, the Japanese are developing the Multi-Function Satellite Augmentation System (MSAS). The Europeans are working on the Euro Geostationary Navigation Overlay Service (EGNOS). In time, GPS worldwide will have access to improved accuracy through these and other similar systems still to come.

  If you are shopping for a new GPS receiver, make sure it is “WAAS capable” if you desire the greatest precision at the lowest cost.

  SELECTIVE AVAILABILITY

  Although GPS was originally developed for military use, the U.S. government quickly realized that there were numerous civilian applications for the system. As a result, the Department of Defense created two different GPS satellite transmission codes. One code was designated the P code (for “precision”) and was for military use. The second was known as the C/A (for “civilian access”) code and was, of course, intended for civilian use. Once the system was up and running, however, it was found that civilian GPS receivers using the C/A code were more accurate than the DoD had anticipated. As a result, the military developed a system for degrading the GPS signals sent to civilian GPS receivers. This intentional degradation in GPS accuracy is known as selective availability or S/A. S/A reduced civilian GPS accuracy to within 300 feet or less about 95 percent of the time. Typical accuracy, however, for most users was between 60 and 160 feet.

  It is important to note that as of May 2, 2000, selective availability has been deactivated. Instead, the Department of Defense has now developed the ability to keep GPS signals from reaching certain selected areas. However, GPS remains subject to the U.S. national command authorities (as do all other navigation programs provided by the federal government). As such, S/A could be reactivated if deemed necessary for security purposes, although the U.S. government has indicated that it has no intention of doing so either now or in the future.


  CHAPTER 2
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      	Equipment Options
    

  

  
  Now that we’ve obtained a little background about GPS and how it works, it’s time to look at the different GPS receivers on the market today. If you’re new to GPS, your first look at all the receivers available, with their unique features, may be a bit overwhelming. Don’t worry! We’ll take this one step at a time, starting with the basic units and their features and working up to the more advanced receivers.

  GPS receivers can be divided into the following categories:

  
    	Basic GPS receivers without map display capability.

    	GPS receivers with map display capability—the most common outdoors-oriented GPS.

    	GPS receivers integral to personal digital assistants (PDAs), Pocket PCs, and multimedia cell phones.

    	GPS receivers linked or integral to laptop computers.

  

  The GPS receivers currently available in each of the above categories, along with a summary of their features, are listed in a table at the end of this chapter.

  TERMINOLOGY

  Before proceeding with descriptions of the GPS receivers commonly used for outdoor navigation, we need to define a few more terms that will help clarify the different features contained in the various models.

  Channels

  In chapter 1, as you may recall, we described how we could accurately determine our position by triangulating the signals from four different GPS satellites. To do this, the GPS receiver must of course be capable of receiving signals from at least four different GPS satellites. Receivers thus employ what are commonly known as channels. A channel in a GPS receiver is capable of receiving and processing the signal from a single GPS satellite. A single-channel GPS receiver works by sequentially tuning through the signals from the different GPS satellites that are in range. The receiver monitors the signal from one particular satellite for a few milliseconds, stores the information, then proceeds to monitor the signal from the next satellite and store it before moving on to another satellite. While this process works, it does take some time. Thus it will take a bit longer for a single-channel receiver lock on to the available GPS satellites. In addition, if you are moving, you may pass by trees or other structures that temporarily block the signal from a particular GPS satellite. If that satellite happens to be the one your single-channel GPS receiver is attempting to monitor, the accuracy of the position determination may be degraded somewhat.

  Virtually all GPS receivers today, including the basic models, have at least 12-channel capability. While this may seem like a bit of overkill, in actuality the 12-channel capacity allows the receiver to “select” the signals from all the different satellites that are in range. Since the four or more satellite signals needed are received and processed simultaneously, a multichannel receiver operates slightly faster than a single-channel unit. In addition, if you happen to be moving and cross some obstacle that temporarily blocks the signal from one or more satellites, the multichannel receiver quickly selects a different satellite to complete the position calculation.

  Since in any location it is rare to be able to pick up the signals from more than 10 GPS satellites, the typical 12-channel capability of today’s GPS receivers is probably the maximum that will ever be needed, although some new units have 16 or even 20-channel capability. Due to the remarkable capabilities of modern integrated electronic circuit manufacturing, the incremental cost of producing a multichannel GPS receiver over a single-channel unit with a sequential processor is quite small.

  Waypoints/Landmarks

  Waypoint and landmark are the GPS names for the coordinates of a specific location. GPS receivers require that a way-point not only contain the coordinate values of a location but also be assigned a simple name, such as camp, tower, dock, or the like. Waypoints are key elements in GPS navigation. To get to a specific location, for example, you would enter the waypoint for that particular spot into the memory of the GPS receiver. The receiver would then determine your present position and calculate the direction and distance from your present location to your desired destination.

  Some GPS receivers have more memory than others and as a result are able to store a larger number of waypoints. This can be useful, since longer trips can require more way-points. Most GPS receivers today can store at least 250 way-points; many are capable of storing 500 to 1,000 waypoints.

  Routes/Tracks

  A route is a set of waypoints that define the path you intend to travel. A track is a collection of points that show the path you have actually traveled. A track log is the collection of these points as stored in the memory of a GPS receiver. As before, GPS receivers with more memory can store a greater number of routes and record longer track logs. Each portion of a route between two adjacent waypoints is called a leg.

  INITIALIZING YOUR NEW GPS RECEIVER

  Every GPS contains an almanac of data describing the constellation of GPS satellites. However, the receiver may need a bit of help “finding itself” the first time it is used, if it has been moved a considerable distance since last used—say, 300 miles or more—or if its memory has been fully erased. This process is typically referred to as initialization.

  The specific details of the initialization procedure depend on the GPS receiver manufacturer. In some cases, different receiver models from the same manufacturer may have different initialization procedures.

  For example, the Garmin eTrex Legend, a common GPS receiver, has a “New Location” feature whereby the user uses the eTrex “click stick” to scroll down an options menu to “New Location” and is prompted to a map which can be panned across to specify the approximate new location of the receiver. This process makes locating the receiver by GPS satellites much quicker.

  At this point, the GPS receiver will begin searching for satellites and should compute your position within two to three minutes at most—often much more quickly. Note that once the receiver has determined your location, it will determine your elevation (or correct your elevation estimate) and correct your approximate time entry to give the precise time.

  CREATING A WAYPOINT/LANDMARK

  Just as different GPS receivers have different initialization procedures, the procedures for setting waypoints or landmarks will vary. Recall that a waypoint or landmark is the coordinate of a specific location
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  The ever-evolving World Wide Web provides a vast treasure trove of GPS, map, and land navigation information.

  Some sites were noted in the text; other interesting sites are listed below. For additional information on a specific topic, use a good search engine like Google. It’s amazing how much information you can find on the Web with a bit of digging.

  GPS Manufacturers

  http://www.garmin.com/

  http://www.lowrance.com/

  http://www.delorme.com/

  http://leadtek.com/

  http://www.maptech.com/products/PocketNavigator/index.cfm

  GPS Sales and Reviews

  http://www.thegpsstore.com

  http://www.gps4fun.com

  Maps and Mapmaking

  http://www.esri.com/software/arcpad/index.html

  http://www.delorme.com/

  http://www.fugawi.com

  http://www.cgrer.uiowa.edu/servers/servers_references.html

  Magazines

  http://www.gpsworld.com/

  Geocaching

  http://www.geocaching.com/

  Useful Sites

  http://www.windows.ucar.edu/tour/link=/earth/statistics.html

  http://www.colorado.edu/geography/gcraft/notes/gps/gps.html

  http://www.instant-power.com/sales/online_sales.shtml

  http://www.teletype.com/pages/gps/compatibility.html

  http://www.unc.edu/~rowlett/units/index.html

  http://www.tapr.org/~kh2z/Waypoint/
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