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Motion (Physics)

• In physics, motion is a change in 
position of an object with 
respect to time. 

• Motion is typically described in 
terms of displacement, distance 
(scalar), velocity, acceleration, 
time and speed. 
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Global Positioning System

• Satellite based navigation system. 
• Based on a constellation of about 24 satellites 
• Developed by the United States Department of 

Defense (DOD) 
• Can provide accurate positioning 24 hours a 

day, anywhere in the world. 
• No subscription fees or setup charges to use 

GPS. 
• GPS satellites also called NAVSTAR, the official 

U.S. DOD name for GPS 
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How GPS determines a location

Things which need to be determined:   
• Current Locations of GPS Satellites 
• The Distance Between Receiver’s  Position and the GPS Satellites 
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Current Locations of GPS Satellites

• GPS satellites are orbiting the earth at an altitude of 20,000 km. 
• The orbits, and  the locations of the satellites, are known in advance. 
• GPS receivers store this orbit information for all of the GPS satellites in an  

ALMANAC*. 

* the Almanac is a file which contains positional information for all of the GPS satellites 
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Structure

Space Segment Control Segment

User Segment



!7

How GPS determines a location
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Current Locations of GPS Satellites

• All 24 satellites are divided into 6 
parts. 

• There are 4 satellites in each part. 
• A definite orbit is defined for each 

part. 
• Each of these 3,000- to 4,000-

pound solar-powered satellites. 
• https://en.wikipedia.org/wiki/

Global_Positioning_System#/
media/File:ConstellationGPS.gif
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Distance Between Receiver’s Position & the GPS Satellites

• By measuring the amount of time taken by radio signal (the GPS signal) 
to travel from the satellite to the receiver. 

• Radio waves travel at the speed of light, i.e. about 300,000 km per 
second. 

• The distance from the satellite to the receiver  can be determined by the 
formula “distance = speed x time”.
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GPS Error Budget
Different errors can cause a deviation of +/- 50 -100 meters from the actual GPS 
receiver position which are :

  ATMOSPHERIC CONDITIONS: 
• Speed of GPS signal is affected by ionosphere & troposphere. 
• Which cause a deviation of  0 to 30 m. from the actual position of receiver.

   EPHEMERIS ERRORS: 

• The predicted changes in the orbit of a satellite. 
• Which cause a deviation of  0 to 5 m. from the actual position of receiver

   CLOCK DRIFT: 
• Due to different code generations in satellite and receiver simultaneously. 
• Which cause a deviation of  0 to 1.5 m. from the actual position of receiver 



!11

GPS Error Budget
MULTIPATH:

• Bouncing of GPS signal due to a reflecting surface before reaching 
to receiver antenna. 

• Which cause a deviation of  0 to 1 m. from the actual position of 
receiver 
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Measuring GPS Accuracy
The geometry of the constellation is evaluated by  Dilution Of Precision, or DOP.

DOP
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Increasing accuracy of gps

• Differential correction provides accuracy within 1-5 m. 
• Coarse Acquisition receiver provides accuracy within 1-5m. 
• Carrier Phase receivers provides accuracy within 10-30 cm. 
• Dual-Frequency receivers are capable of providing sub-centimeter GPS position 

accuracy. 
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Geographic coordinate system

• Latitude, Longitude, Altitude
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GPS in Decimal Degrees
• WGS 84 Spheroid 

# name longitude latitude 

Shanghai 121.47 31.23 

Bombay 72.82 18.96 

Karachi 67.01 24.86 

Buenos Aires -58.37 -34.61 

Delhi 77.21 28.67 

Istanbul 29 41.1 

Manila 120.97 14.62 

Sao Paulo -46.63 -23.53


