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2.6 Global Positioning System (GPS)
Introduction

e GPS is a satellite-based navigation system that provides geo location and time
information to a GPS receiver anywhere on or near the Earth.

o It operates independently of any telephonic or internet reception, though these
technologies can enhance the usefulness of the GPS positioning information.

Working Principle

1. Satellite Constellation: A network of at least 24 satellites orbits the Earth, ensuring that
at least four satellites are visible from any point on Earth.

2. Signal Transmission: Each satellite transmits a unique signal and orbital parameters.

3. Triangulation: A GPS receiver uses the time-of-flight of signals from at least four
satellites to calculate its position (latitude, longitude, and altitude).

Components
o Satellites: Provide continuous signal transmission.
e GPS Receiver: A device that receives signals from satellites and calculates position.

o Control Segment: Ground stations that monitor and manage the satellite system.

Circuit Diagram
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GPS Signal Structure

o Carrier Frequencies: L1 (1575.42 MHz) and L2 (1227.60 MHz).

e CJ/A Code: Coarse/Acquisition code for civilian use.

e P(Y) Code: Precise code for military use.

o Navigation Message: Contains satellite ephemeris, clock correction, and system health
information.

Applications

« Navigation: Used in cars, planes, ships, and personal handheld devices for location
tracking and navigation.

e Surveying: Precise measurement of land and infrastructure.

o Geocaching: Recreational activity involving the search for hidden objects using GPS
coordinates.

e Timing: Synchronizing clocks and networks.

e Agriculture: Precision farming techniques.

Advantages
e Provides accurate location and time information.
« Available globally with no subscription fees.
e Works in all weather conditions.
o Enhances safety in navigation.
Disadvantages
« Can be affected by signal obstruction (e.g., buildings, trees, tunnels).
o Limited accuracy in densely populated or forested areas.
o Potentially susceptible to jamming or spoofing.
e Requires a clear view of the sky for optimal performance.

Error Sources
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Satellite Clock Errors: Minor deviations in the satellite’s onboard clock.
lonospheric and Tropospheric Delays: Signal delay due to atmospheric conditions.
Multipath Effects: Signal reflection from surfaces before reaching the receiver.
Ephemeris Errors: Inaccuracies in the transmitted satellite position data.

Error Analysis

Differential GPS (DGPS): Uses a network of fixed ground-based reference stations to
broadcast the difference between the positions indicated by the GPS satellites and the
known fixed positions.

WAAS (Wide Area Augmentation System): Provides additional correction signals to
improve accuracy.

RTK (Real-Time Kinematic): Uses carrier phase measurements for high-precision
applications.

Maintenance and Calibration

Receiver Firmware Updates: Ensure the GPS receiver has the latest software to
improve accuracy and performance.

Antenna Maintenance: Keep the GPS antenna clean and free from obstructions.
Regular Testing: Periodically test-the GPS receiver to verify .its accuracy and
functionality.

Summary

GPS is a powerful and versatile system that provides accurate location and timing information
for a wide range of applications. Understanding its working principles, components, and
potential error sources is essential for effective use and troubleshooting.
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