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Acquisition
 Parallel Code-Phase Acquisition of Signals
Tracking
 Real-Time Tracking of both GPS L1 C/A and GPS L5 Signal
 - 12 Channels for GPS L1 C/A
  - 12 Channels for GPS L5
Front End Output
  50 MHz Sampling Frequency
  2-bit Quantized I&Q Samples

Receiver Features

Acquisition and Tracking Results for L5 Signal on PRN 135 (WAAS GEO)

FPGA manufacturers use two different implementations to include an embedded CPU core within a FPGA chip. 
The first known as a “Softcore” is a processor written by the user as a parameterisable function along with code 
for the FPGA’s logic. Such implementations include the MicroBlaze and the Nios-II from Xilinx and Altera 
respectively. Certain FPGAs from Xilinx and a few other manufactures also include dedicated CPUs known as 
“Hardcore” processors. A hardcore processor is implemented directly in IC transistors achieving maximal 
performances, while a softcore processor is an IP core which is implemented on the FPGA’s logic cells. As a 
result, dedicated hardware processors do not use any of the FPGA’s programmable resources. In contrast, using 
a dedicated processor external to the FPGA fabric requires hundreds of additional interface pins, which 
degrades system performance and significantly increases FPGA I/O requirements and overall board costs. 
Though typically the cost of including a softcore processor is lower than a hardcore processor, it exhibits 
significantly lower performance measured in terms of clock speed and MIPS (million instructions per second) 
count. 

The Xilinx Virtex series of devices have up to 4 built-in IBM PowerPC microprocessors within the FPGA chip. 
These processors provide 32-bit fixed-point embedded applications with high performance at low power 
consumption. Also, PowerPC processors can provide floating-point support either in hardware or software. While 
the legacy Virtex-II Pro and Virtex-4 series of FPGAs featured the PowerPC 405 CPU which could clock a 
maximum speed of 450 MHz and execute over 700 DMIPS, the latest Virtex-5 FXT series of FPGAs feature a 
PowerPC 440 CPU which can clock a maximum speed of 550 MHz and execute over 2000 DMIPS. 

In commercial receivers, ASICs are used to carry out massively parallel correlation operations while 
microprocessors such as an ARM processor are utilized for baseband signal processing. In our reconfigurable 
embedded GNSS receiver implementation, we leverage the parallel processing capabilities of the FPGA logic 
cells to perform simple but high frequency receiver processing functions such as the correlation processing 
during acquisition and code, carrier wipeoff in the tracking loops. The hardcore PowerPC is used to perform 
complex but low frequency functions such as the baseband signal processing in the tracking loops and 
navigation solution computation. The proposed use of the FPGA’s logic cells and an embedded hardcore 
processor results in an optimized hardware/software partitioning that maximizes FPGA utilization while 
minimizing hardware costs. This implementation strategy does not require the processing resources of a Host 
PC or additional DSP chips. Thereby, our proposed software receiver implementation strategy results in a 
system design whose performance is not limited by the capabilities of a host PC nor does it involve the 
additional costs of a DSP chip.
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FPGA Internal Architecture with Dedicated DSP Logic
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Over the next few years, multiple civilian frequencies will become available to civilian GNSS users. In addition 
to new signals on GPS, GNSS constellations such as Galileo and Compass along with a modernized Glonass 
system will provide multiple ranging sources to the user. Most of the systems will be interoperable by 
transmitting signals at a common set of carrier frequencies. The use of dual-frequency measurements can help 
improve accuracy for civilian users while enhancing system integrity, availability, and continuity for aviation 
users. Many of the proposed new GNSS frequencies and constellations currently transmit test signals which 
may not necessarily be the final signal specifications. This drastic increase in signals and their frequencies 
creates substantial opportunities and requirements for analysis and validation.

GNSS software radio receivers have evolved notably over the past few years. It was originally developed in 
1997 as a tool for post processing of collected GPS data. Its implementation in Matlab made it computationally 
expensive. In order to reduce computational expense, pure software receivers were implemented in a high 
level language such as C/C++ running on a programmable microprocessor. Over the years, through the use of 
novel processing techniques combined with technology improvements in microprocessor capabilities have 
enabled implementation of multi-channel real-time GPS L1 C/A software receiver. Such receivers utilize the 
processing resources of the microprocessor of a host PC and their performance is directly related to the 
resources available on the host PC.

Field Programmable Gate Arrays (FPGA) based receivers can be easily reprogrammed making them an ideal 
choice to acquire, track, and validate new signals whose specifications may not have been finalized. FPGAs 
help overcome the limitations of Application Specific Integrated Circuits (ASICs) and purely software defined 
radios. While ASICs are optimized for computational efficiency, they cannot be reconfigured rapidly to 
incorporate changes to the Signal in Space (SIS) specifications of the signals for which they are designed. 
Software defined radios provide flexibility in incorporating system changes but are computationally expensive. 
A current trend in the area of software defined radio is to leverage the parallel processing capabilities of a 
FPGA to substantially reduce computational time.
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