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Introduction

The Global Positioning System (GPS) consists of 32 medium earth satellites broadcasting on two different frequencies.  The broadcasting frequency examined in this project will be the civilian L1 frequency which operates at 1575.42 MHz.  The data sent includes the ephemeris data for calculating satellites’ flight paths, satellite identification number also known as coarse/acquisition (C/A) code, and satellite health statistics.  Using the delay from different satellites earth-centered earth fixed coordinates are found by solving for X, Y, and Z.  If a receiver clock is not aligned with a satellite clock, then an incorrect delay time will be used for the calculation.  Thus time bias is to be resolved.  To solve for these four variables(X, Y, Z and time bias), a minimum of 4 satellites is needed.  

This project is to explore Global Positioning System (GPS) algorithms that can run on an x86 Personal Computer (PC).  One of the major reasons for this is that current hardware implementations use algorithms that work for the general case.  Software allows for switching between algorithms depending on the received signal strengths.  For example, the signals received from the satellites will be different depending upon surrounding environment.  An area surrounded by buildings will have multipath effects that an open field will not. Also if a receiver is traveling then the Doppler Effect on frequencies needs to be accounted for.  

This project is a continuation of last year’s project by Tony Corbin.  The previous project was successful in determining position however was unable to provide continuous updated positions.

The algorithms areas to be explored will include signal conditioning, satellite acquisition, and satellite tracking loops.  Open source code libraries will provide the position, and velocity calculations from the tracking loops data.

Goals

The goals of this project are: 

· Use received GPS L1 signals to determine position using a PC.
· Provide continuous GPS solutions in real time.

· Compare different GPS algorithms.

· Cost benefits of software defined GPS vs hardware receivers.

High-Level Block Diagram
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Figure 1 High level block diagram

Figure 1 displays the high-level block diagram for this project.  GPS L1 signals are received through the Antenna stage.  The SiGe GNS3 sampler takes the signal from the antenna and down converts it to an intermediate frequency (IF) of 4 MHz.   The SiGe then samples the analog IF signal at a rate of 16MHz and transmits the sampled data to a USB port on a PC.  The GPS receiver software will then process the signal to acquire, track, and display the current user position.  

Software Processing

The software model for this project is shown below in Figure 2 and 3.  The software is composed of five different concurrent processes, and two data structures shown in figure 3.  A prioritized thread system will be used to keep processes concurrent.  Thread priorities will change depending on the phase (shown in figure 2) the software is in.  The thread priority list shown in Table 1 is for the tracking phase.  The highest priority is at the top of the list, and the lowest priority at the bottom.  The third column in this list represents the frequency that the process will run at.  The Acquisition phase’s priority list will have the acquisition process with a higher priority than tracking. 
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Figure 2 High level overview of the software phases
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Figure 3 High level overview of the software

	Phase
	Description
	Timing Update

	Antenna
	Brings data in from the SiGe GNS3 sampler or file and writes it to a data storage element.
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	Track
	Performs delay phase lock loop for acquired satellites, updates satellites with current data position, and ephemeris data decoded.
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	Memory Cleanup
	Removes fully processed data from data storage unit, and updates satellites raw signal position.
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	Position Update
	Provides updated position to user.
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	Acquire
	Performs correlation for un-acquired satellite, updates satellites with current raw signal position, and tracking status.
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Table 1 Software processes for Tracking phase.
Software Requirements

From Figure 1, the incoming data to the PC is 16 MHz.  Each sample is stored as a signed 1 byte character.  The software must be capable of storing and processing 15.26 megabytes per second (MBps) of data if real time operation is to be achieved.  

From Figure 2, the Acquisition stage must be fast enough to allow the tracking loop to process the accumulated data from acquisition, and continue on tracking live data.   The acquisition stage requires at a minimum 20 ms of data to be read in order to find a satellite.  This stage should last no more than 30 seconds in order to find a minimum of 4 satellites.  Overall memory use will be dictated by the processing time of this stage.
The tracking loop from Figure 2 must be able to process a navigation bit in less than 20ms as navigation data is sent at a rate of 50Hz. The tracking phase will provide recovery time to process data accumulated from the acquisition phase.
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Figure 4 Calculation of range Error

The error in position calculation is determined by multiplying the speed of light by the time between IF samples.   As seen in Figure 3 the position range will have an error of approximately 73 meters.  Other factors such as clock drift, atmospheric effects, rounding errors, and satellite flight path errors will further affect this.  An overall range error of 100m is targeted.

The display block in Figure 1 will provide updates every minute to the user.  It will also be in a graphical user friendly format.

Schedule of tasks.

The project will be divided into demonstratable milestones.  Each of these milestones will contain several underlying tasks.  All milestones are non-concurrent and must be finished before the next task can be completed.
	Milestone
	Start date

	Continuous importing of data
	1/27/09

	Continuous deleting of data
	2/10/09

	Acquisition from data
	2/17/09

	Continuous tracking of data
	3/2/09

	Continuous solution update
	3/16/09

	Develop GUI
	3/30/09

	Optimize Acquisition
	4/13/09

	Write final report
	4/20/09

	Prepare final presentation
	4/27/09

	Final Presentation
	5/5/08


Table 2 Schedule of tasks

Patent Search

Several relevant patents have been granted for software GPS as can be seen in figure 
	Patent Number
	Description

	2005162313
	GPS Receiver (Software)

	2007213932
	Computer Programmed with GPS Signal Processing Programs

	20067002515
	GPS receiver using software correlation for acquisition and hardware correlation for tracking

	20067046193
	Software GPS based integrated navigation

	20060074554
	Software-defined GPS receivers and distributed positioning system


Table 3 Relevant Patents

Conclusion

This project will make use of existing software defined GPS project as a starting point and expand upon it.   Several of the core algorithms used will be modified inside of the existing project.  Understanding of communication theory, GPS communication scheme, and programming are all needed to accomplish this project.  This project will provide further insight into these areas.
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