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PROJECT OVERVIEW
With the widespread use of Global Positioning Systems (GPS) there is a need for Global Navigation Satellite System (GNSS) receivers that are specifically designed for test support and signal monitoring.  These receivers are not like the normal GPS receivers that you would buy at a local electronics store that display position, velocity, and time.  They are designed to collect all the data all the time from the GPS satellites [1].  With the importance of these receivers I am proposing to develop a Verilog GPS Correlator that will track and monitor these satellite signals.
BACKGROUND INFORMATION

ARL currently has a non-real-time GPS receiver that uses an antenna, RF front end, digitizer, and desktop computer.  The antenna is mounted on the roof, and the RF front end selects the GPS bands.  The desktop computer performs GPS correlation of the GPS signal using batch processing.  The purpose of this project is to design and implement a real-time GPS receiver by replacing the desktop computer with a field-programmable gate array (FPGA). In particular, I propose to design and implement the correlation and tracking algorithms in the Verilog hardware description language.  The FPGA realization has the added advantages of making the GPS receiver be more portable and consume less power.

PROJECT DESCRIPTION
My project will implement the GPS Correlator structure shown in Figure 1.  The Local Replica Generator will generate the Course Acquisition Code (C/A-code) [2] of the satellite that is being tracked as specified in [3].  The C/A-code generated by the Local Replica Generator will be fed to the Correlator along with the signal from the antenna containing the C/A-code transmitted from the satellite.  The Correlator will be designed to correlate the satellite C/A-code with the Local Replica C/A-code and output Early, Prompt, and Late signals.  These three values will vary based on how strongly the two signals are correlated.  The output of the Correlator will flow to Discriminator where it will calculate how far off in time the two C/A-code signals are. The result of the time difference will be sent to the Code Tracking Loop where it will calculate how much to shift the C/A-code generated by the Local Replica Generator.  Once this calculation has been made, the result is sent to the Numerically Controlled Oscillator (NCO).  The NCO controls the rate of the C/A-code generation in the Local Replica Generator.  Therefore, the result of the Code Tracking Loop allows for the adjustment of the locally generated C/A-code allowing the system to track the signal.


[image: image1]
Figure 1. GPS Correlator Block Diagram
DESIGN CONTENT
In my project I will design the five modules that comprise the GPS Correlator as shown in Figure 1.  Each module, which was described in the previous section, will be designed with certain parameters that will require tradeoffs in system complexity and performance.  
The Local Replica Generator will be designed such that the rate it outputs C/A code is controlled by the NCO. In addition it must be able to have different initial states [3] loaded into the module to generate different C/A codes to be able to track different satellites.   
I must decide on the length of the integration period of the Correlator [2].  This is a tradeoff between implementation complexity and the amount of pseudorange error, which is inversely proportional to the integration period with in the GPS Correlator loop.  Another design parameter of the Correlator is in the number of bits used to represent the analog signal coming in from the antenna.  This is a tradeoff between the Signal to Noise Ratio (SNR) of the quantized signal from the antenna and the hardware complexity of the system in terms of the amount of logic to be used on the FPGA.  
The Discriminator and Code Tracking loop are initially planned to be implemented in C or Python.  I must decide if and why to implement them in hardware.  In addition there are several Discriminator and Code Tracking Loop algorithms to choose from and I will a have to select and implement the most efficient ones for this application.
The NCO must be designed to generate a signal at 1.023 MHz on average to control the Local Replica Generator.  It must also be able to control its output to a precision of 1 mHz.  The tradeoff for this high resolution is an increase in the amount of hardware required.
The overall system signal quality will be measured in terms of SNR = (Power Signal)/(Noise Power of the Antenna + Quantization Noise Power).  These measurements will be taken in the Correlator module, where the Signal Power will be collected from a correlated signal Prompt value and the Noise will be taken from an uncorrelated signal Prompt value [3].  The hardware complexity will be measured in terms of slices.  A slice on a Xilinx FPGA consists of 2 logic cells, and a logic cell consists of a lookup table and a flip flop.  The GPS Correlator must be designed in under 3584 slices in order to fit on the FPGA that is available.
TESTING AND DELIVERABLES
Since the design of the GPS Correlator will be developed one module at a time, there will be two stages of testing.  As each module is developed it will be tested independently through its own test bench in the Verilog simulator.  After each module has successfully passed its individual tests, the complete system, consisting of all five modules will be tested together.  This will be done by using pre-stored simulated satellite data and feeding it into the system in place of the antenna in Figure 1.  I will calculate a normalized mean square error on the time-aligned samples from the desktop computer GPS receiver and my Verilog GPS receiver. Once this testing is deemed successful the GPS Correlator will be capable of tracking a GPS satellite signal.  As a result, the final deliverable of my Senior Design Project will be the complete Verilog code and if need be C/Python code for the GPS Correlator.
TENATIVE SCHEDULE
Design and Implement Local Replica Generator

June 5, 2008
Design and Implement Correlator



June 19, 2008
Design and Implement Discriminator



July 3, 2008

Design and Implement Code Tracking Loop


July 17, 2008

Design and Implement NCO




August 1, 2008

Implement and Test entire System



August 9, 2008
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