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ABSTRACT 
 

The GPS receiver based on software radio technology is a kind of general purpose 
GPS signal processing platform which makes use of advanced design ideas and 
advanced design tools nowadays. We used FPGA device and lots of necessary 
peripherals such as DSP and PCI controller in our design to promote flexibility and 
practicability effectively. Various fast acquisition means and accurate tracking 
algorithms could be realized, improved and validated on this platform, besides basic 
GPS receiver function.  
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INTRODUCTION 
 

From 1990’s, applications of satellite positioning technology have spread to almost all 
military and civil fields such as land navigation, ocean navigation, aeronautics, 
astronautics, etc. It has already become a comprehensive, international high-tech 
industry covering various disciplines and professions, and turned into one of the eight 
wireless industries accepted widely, as well as one of the three information industries 
developed most quickly. The study for satellite navigation and positioning user 
terminal devices covers technologies from satellite navigation, wireless 
communication, embedded system, space information and other fields. New 
generation, high performance receivers with multi-system compatibility continually 
show two main characteristics, which are deeper complexity and urgency of 
development cycle. We must integrate more function, higher performance, more 
technique into our design within less time. The development depends on advanced 
platforms, tools and design methods more and more. We developed an open, standard 
and modular hardware platform, making use of the universality and flexibility of 
software radio. It makes the usage of frequency spectrum more flexible and effective, 
and updates and traces new technique more conveniently. 



SYSTEM ARCHITECTURE 
 

The design of system architecture and the selection of devices are deliberated to make 
the structure flexible, the function perfect. Due to mass data processing and high 
communication speed, we choose the form of PCI card to implement hardware design 
for signal processing. Considering the system speed and compatibility, we choose the 
whole system data bus of 32bit width, and the address bus of suitable width according 
to the actual case. In this system, the FPGA programmable device is adopted as the 
core, the Software Radio and Digital Signal Process technology are introduced into 
the system to implement general purpose satellite navigation receiver. The system 
also includes several necessary peripheral, such as PCI controller chip, real time 
duplex data interface, user control module, DSP real time process module etc. Fig.1 
shows the diagram of whole system. IF data could be provided by the RF front end, or 
by the IF data interface. The IF data could be locally processed by internal firmware 
of FPGA, or sent to PC for software correlation. Loop (including carrier loop and 
code loop) control function could be implemented either by DSP module in the 
system, or by PC. We can see the detail of data flow from the diagram. 
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Fig.1 System Architecture 
 



FPGA FIRMWARE MODULES AND IMPLEMENTATION 
 

Internal firmware of FPGA consists of the core unit and some necessary accessorial 
modules. The core unit consists of carrier NCO, code NCO, CA code generator, 
accumulate and dump unit and so on, which is the key part of the design. The 
correlator including CA code generator and NCO would be described in details. 

 
It is well known that, the core of synchronous acquisition circuit is the detector, which 
could be coherent or noncoherent. The type of correlation and integration of the 
detector could adopt passive mode (matched filter) or active mode 
(accumulate-and-dump correlator). The accumulate-and-dump correlator is used in all 
acquisition stage and track stage in this system. The IF signal is separated into 
in-phase branch and quadrature branch when entering into the correlator, and then 
mixed with a local carrier generated by carrier NCO whose center frequency is 
1.405MHz. This is the carrier demodulation process. Then signals of in-phase branch 
and quadrature branch are multiplied by three (Early-Prompt-Late) local CA codes. 
This is the PN code decoding process. The local CA code is generated by CA Code 
Generator controlled by Code NCO. A 3-bits shift register is used to provide 
Early-Prompt-Late CA codes for three branches with the driving clock setted to 
2.046MHz, twice of the frequency of the driving clock for CA code generator. Thus, 
the space between Early chip and Late chip is determined to be just one chip, and the 
phase difference between them and Prompt chip is half a chip of course. The structure 
is shown in Fig.2. 
 
The CA code sequence adopted in GPS is Gold code, a kind of compound code of m 
sequence, which consists of the mod 2 sum of two m sequence elective pairs with 
same code length and same code clock. A new Gold code sequence will be obtained 
when changing relative offset of two m sequences. When offsetting 2n-1 bits, we can 
get 2n-1 Gold sequences. GPS just chooses 32 among of them as spread spectrum 
codes of satellite. The primitive polynomial for G1 ﹠G2 shift register are 

103
1 1)( xxxf ++=  and 1098632

2 1)( xxxxxxxf ++++++=  respectively. After 

enabling reset signal, the module begins to generate Gold code under the 1.023MHz 
frequency. The Control signal determines whether to output Gold code continuously 
or not. And the Set"1" signal can set G1 and G2 register all to be 1, after which, the 
code generator restarts to output. It occurs when the user changes the satellite ID. 
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Fig.2 Correlator Architecture 

 
The code NCO and carrier NCO are realized by direct digital synthesis (DDS) method. 
Its theory is reviewed here for performance analysis: 

Ideal sine wave signal )(tS  is represented as follow: 

)2cos()( φπ += ftAtS                           (1) 

It illuminates that frequency can be determined by phase uniquely when amplitude A 

and initial phase φ  are fixed on  

ftt πθ 2)( =                                 (2) 

After differential, f
dt
d πθ 2= , We can get such formula as follow： 
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where， θ∆  is a phase increment in sampling interval t∆ . Sampling period 



is
CLKF

t 1
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It shows that we can obtain different frequency output if we can control θ∆ . θ∆  is 

controlled by frequency control word CLKF ，namely L
CWF
2

2π
θ =∆ . So, we can get 

different frequency output by changing CWF . 
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It is the frequency resolution of DDS. The carrier NCO uses 27 bits phase 
accumulator. Input clock frequency is 5.7142857MHz，so frequency resolution is: 
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while，code NCO adopts 26 bits phase accumulator and same input clock with the 
carrier NCO,  its frequency resolution is 
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The different characteristic of the output of code NCO relative to carrier NCO is that 
there is no need of a phase to amplitude lookup table.  
Meanwhile, as shown in Fig.3, an input of phase control word is added in our system 
which can not only set phase but also control phase accumulator. 
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Fig.3 Carrier NCO implement module 

 



FPGA FIRMWARE MODULE SIMULATION RESULTS 
 
Before hardware implementation, module simulating is an absolutely necessary step. 
NCO and PN code generator play an important role in the Accumulate and Dump 
correlator. Fig.4 shows the simulation result of CA code generator. Three satellites 
CA code of PRN are shown in the result, No.2 No.3 No.1 (the PRN_SEL signal value 
is 01 02 and 00 respectively). The module is driven by the output clock of code NCO 
whose frequency is 1.023 MHz. When con_wr_en signal is set to low, the code 
generator will output CA code of selected satellite at the time of the next clock rising 
edge. For the sake of easy observation, we only give a small part of them. 

 
Fig.4 CA code generator simulation result 

 
Fig.5 shows the simulation result of carrier NCO. The driving clock (clk) is 
5.714MHz, frequency control word is 1F7B1B9, output frequency is 
1.405396845MHz. Phase control word and phase cycle count will be latch under an 
internal sampling clock TIC, which is set to 1MHz temporarily for the sake of 
convenience. Cycle counter count the number of overflow pulse of phase accumulator 
for the future use. Contrast the magnitude of overflow signal pulse and the value of 
DCO_Cycle_Count register could draw a conclusion about operating principle of 
carrier NCO. 

 
Fig.5 NCO simulation result 

 
CONCLUSION 

 
Because of its flexibility and openness, the GPS receiver based on Software Radio 
technology developed its own field among numerous GPS products nowadays. Its 
function could be transformed without hardware modification. It can even become a 
multi-system compatible receiver by changing RF front end circuit simply. We have 
the reason to believe that it will bring positive effect to develop software and 
hardware receiver to a certainty. 
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