Chapter 14
GPS and Maps

Overview

· LORAN – long range navigation, used all over the world for Marine Navigation
· Based on radio signals from multiple transmitters
· Limited accuracy, radio interference and signal problems depending on geographic location
· Navstar GPS– Navigation System with Time and Ranging
· GPS – Global Positioning System
· Real name is Global Navigation Satellite System (GNSS)
· Space Trilateration – A method determining absolute ground positions using satellite signal velocity and travel time to measure the distance between the known locations of two or more satellites and GPS receiver
· GPS Components 
· Consists of space segment, a control segment, and user segement
· Space Segment (SS)
· Space segment is a constellation of GPS satellites positioned in a medium earth orbit.
· Placed in 6 orbital places evenly spaced 60 degrees apart so that at any time 5 to 8 satellites are visible from any point o earth.
· Satellites placed in Posigrade orbit – moving in same direction as Earths rotation
· Control Segment (CS)
· Control Segment of the GPS is the set of ground monitoring stations that track the location and health of each satellite, which includes conditions such as clock error and satellite malfunctions. 
· Satellites are tracked by their own signals and an extrapolated ephemeris – describes position of each of the satellites all times.
· All of the info goes to Master Control Station
· User Segment (US)
· User segment of the GPS is the receiver, which is tuned to the frequencies transmitted by satellites. 
· Selective Availability
· Selective Availability (SA) – intentional degradation of the GPS signals. (done by military to prevent hostile forces)
· GPS Augmentation – improvement of GPS positioning using external information, to improve the accuracy, availability, or reliability of the satellite signal
· The Future of GPS
· Ubiquitous positioning – next gen GPS that would work everywhere, at all times, and provide high-level precision, for cheap cost. 
· GLONASS (Global Navigation Satellite System) – Russian. Started with 24 satellites, went to 14 operational satellites. India joined in to update it. 
· Galileo – being developed by European Union. A 30-satellite system. Provide greater precision than is current and at higher altitudes. 
· Beidou (China) – regional. Expanding to Compass, a global system. 
· IRNSS (Indian Regional Navigational Satellite System) – in development phase
· Quasi-Zenith Satellite System (QZSS) – Japans, in development phase should provide better coverage for Japanese islands. 
· GPS III – Selective Availability is not available in it. So cannot be turned off EVER. 

How GPS Works – The Big Picture

· Requires clear view of sky
· Does not work indoors, in mountain regions, under forest canopies, next to tall buildings, etc. 
· Each GPS transmits its location and time. 
· Distance of GPS can be calculated by amount of time it takes for signals to reach receiver
· GPS-determined position depends on the receive and the field conditions.
· Differential GPS (DGPS) – higher accuracy. Requires one fixed receiver and one mobile receiver
The Details
· Satellite Positions
· Each satellite makes two revolutions in one sidereal day.
· Sidereal day – period it takes for the earth to complete one rotation about its axis with respect to the stars. 
· In terms of Solar Days (24 hours), satellites are in the same position in the sky about 4 minutes earlier each day. 
· Space Trilateration
· Basis of GPS positioning is 3-dimensional trilateration from satellites, called Space trilateration. 
· Trilateration is a method of determining relative positions using the geometry of triangles
· Uses known locations of 2 or more satellites, and the measured distance between the GPS receiver and each satellite to find an absolute position, called a fix. 
· Ranging – finding distance from one location to another. 
· Elevation determination
· Geodetic latitude and longitude is normally used for horizontal position, and height above or below the ellipsoid surface is used for the vertical positions

GPS Accuracy

· GPS error, called Bias, attributes to 3 primary sources:
· The satellites, which can be affected by clock and orbital errors
· GPS signal, affected by ionospheric and tropospheric refraction
· The receiver, which can be affected by the calibration of GPS antenna, GPS signal reflection or deflection, and the receivers own clock bias
· Random error is called Range noise. 
· Attributed to observation noise
· Multipath error from the reflection of the satellite signal off other objects before it reaches the GPS receiver
· Systematic error attributes to atmospheric effects, receiver bias, orbital bias, clock bias, multipath bias, and satellite. 
· The Error Budget
· Error budget describes the contribution of each source of error to the overall error of the satellite range measurement. 
· Ephemeris Bias – relates to error in the position of the satellite due to the earths gravitational pull, the nonspherical nature of the earths gravitational field, attractions of the moon and sun, and solar radiation pressure. 
· Multiparth Error
· Multipath error – occrs when the GPS signal bounces before it reaches the antenna on the GPS receiver. 
· Dilution of precision
· Effect of the alignment, or geometry, of the satellite constellation on the accuracy of a GPS position is called dilution of precision, or DOP.  
· Also referred to as geometric dilution of precision. 
· DOP includes position of dilution of precision (PDOP) > TDOP > HDOP > VDOP. 
· Elevation Accuracy
· GPS gives us elevation relative to the surface of the llipsoid based on the distance from the center of the Earth to the point. 

High-Accuracy Positioning

· To have best accuracy = clear view of sky at all times.
· 2 ways to better accuracy: get expensive GPS units that has carrier phase signals. Second, GPS augmentation.
· Carrier Phase Enhancement
· Higher frequency GPS Signal called carrier phase enhancement or real time kinematic (RTK) navigation. 
· GPS Augmentation
· Involves using external information, oftern integrated into the calculation process, to improve the accuracy, availability, or reliability of the satellite signal.
· Differential GPS (DGPS)
· Used to achieve horizontal accuracy to 1 to 5 meters, or even better.
· Requires a second GPS receiver called a base station. 
· Base station collects its GPS data and is fixed so its good then it tells GPS receiver on what to do. 
· Comparing the known location with the GPS location determined by using the satellites –this is called differential correction
· Real time correction – receiver requires special capabilities and a special antenna. Also requires to be able to receive correct GPS locations.
· Post-processing is an attractive alternative, because of its lower cost and because it does not require a sophisticated receiver. 
· Inertial Navigation system
· Uses a navigation aid that uses a computer and motion sensors to continuously track the position, orientation, and velocity of the GPS receiver without the need for external information. 
· First its Initialized (provided with its position and velocity from another source). The uses accelerometers or gyroscopes, detects change in its geographic position, change in its velocity, and a change in its orientation. 
· Wide Area Augmentation System
· WAAS was created to make GPS reliable enough for commercial aviation in all weather conditions without the need for other navigation equipment. 
· Wide-area Master Stations (WMS) – calculate corrections for WAAAS using the data they receive from the WRSs 

Expressing GPS Information

· Time
· Principal foundation for determining accurate time. 
· Used as source of time and as means of transferring time from one location to another. 
· Used in monitoring earthquakes, calibrating vehicle navigation, etc.
· 3 main ways time is expressing with GPS: GPS time, Universal Time Coordinated (UTC), and time from each satellites atomic clock, referenced to International Atomic Time 
· GPS Time:
· Began at Midnight, Saturday, Jan 5th, 1980. 
· GPS Week begins every Saturday/Sunday Midnight transition. 
· Days of week are #. Sunday is 0, Monday is 1, so on. 
· Universal Time and UTC
· Same as Greenwich Mean Time (GMT)
· UT is tied to rotation of the earth—based on the apparent motion of the mean sun.
· Mean Sun is based on an earth that rotates uniformly, which the real earth does not. 
· GPS uses Universal Time Coordinated (UTC) > time frame based on atomic clocks and aligned with the 0 degree longitude time zone. 
· International Atomic Time
· Defined as the weighted average of the time kept by about 200 atomic clocks in over 50 national laboratories worldwide. 
· Datums
· Coordinated Systems
· The geographic coordinate system is usually the default for expressing horizontal positions. 
· Elevation
· Height above the ellipsoid (HAE) – found most often by GPS receivers, which is elevation relative to the surface of the ellipsoid. 
· Orthometric Height – height above the geoid, similar to MSL.
· Geoid Model (a lookup table stored in the receiver)
· Geoid Undulation – difference between height of the geoid and the ellipsoid. 
· Units of Measurement
· Choice of grid coordinate system usually determines the units of measurement.
· Compass Declination
· GPS receivers report direction with respect to both true and magnetic north. 
· Databases
· Specific information needed to perform corerctions and conversions, information pertinent to the use of the GPS receiver can either be held in memory or connected to when needed. 
· Positional Accuracy
· Determined by comparing the true measurements of both the horizontal and vertical measurements of the GPS position to the actual ground coordinate on the earths surface. 
· Circular Error Probable (CEP)—describe accuracy by giving the radius of a circle containing 95 percent of all possible fixes. 
· Estimated position error (EPE) – estimate of how good the horizontal position is. 

Types of GPS Receivers
· Recreation grade units are used primarily for outdoor sports or recreational activities. 
· Relatively low horizontal accuracy > inexpensive > commonly available > user friendly 
· Mapping Grade (resource grade)  -- these GPS units offer higher-level accuracy and are designed to facilitate GIS data collection. $10,000
· Surveying-grade – GPS units provide the highest horizontal accuracy and are used for precision surveying applications such as road, bridge, or other construction projects.  Super expensive. $20,000
· Multisensor Receivers
· GPS receivers integrates information from multiple sensors; such as a wireless signal detector or an altimeter. 
Handheld GPS receivers
· For personal use as hiking, boating, etc. 

Handheld GPS Limitation
[bookmark: _GoBack]- cant read your mind or desires. 





