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Abstract 
 

This paper focuses on reducing the processing time of software GPS receiver using sub-sampling techniques. As the GPS signals are 

wide band signals, sampling frequency is very high. Sub-sampling enables to reduce time for processing. From the simulation results, it 

is observed that the sampling frequency can be reduced up to 2.5 MHz without loss of tracked signal. The processing time is reduced for 

software GPS receiver after sub-sampling. The overall reduction in processing time is from 3.456647 sec to 2.15946 sec respectively for 

sampling frequency 5 MHz , 2.5 MHz. Thus time saved is 37% of the original one.    
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1. Introduction 

GPS is mainly designed for military application, mostly for navi-

gation and mapping in order to compute positioning, velocity and 

time [1]. With rapid advances in Navigation, tremendous amount 

of progress has been done not only for positioning of civilian and 

military but also in other navigation, positioning and its related 

applications. GPS receiver has gained importance because of its 

flexibility [2]. Research in GPS receiver design growing faster 

every day with rapidly improved techniques. SGR reduces hard-

ware implementation and supports to develop the design effective-

ly [3]. Many researchers have worked on SGR design improve-

ment, mainly on faster processing of reception of GPS signal. GPS 

receiver design consisting two parts named as hardware module 

and software module. The hardware front end module composed 

of path antenna followed by low noise amplifier and then the sig-

nal is down converted to IF frequency [4]. For further processing 

the signal is converted to digital with Analog to Digital Convertor 

(ADC) [5], [6]. The overall module referred as RF front end. In 

the software module Digital Signal Processor (DSP) processes the 

signal in order to track available satellite signal. Acquisition and 

tracking are main building of software module [7]. 

The acquisition and tracking find out visible satellites and demod-

ulates the available satellite signal respectively [8]. For reduction 

of processing time of acquisition different techniques has been 

applied. Efforts has been taken by various techniques like Fast 

Fourier Transform (FFT), Discrete Fourier Transform (DFT), 

compressive acquisition, Sub-sampled fast fourier transform 

(ssFFT) to reduce acquisition time for GPS signal [9], [10], [11]. 

Sub-sampling is advantageous for wide band signals (like GPS) 

because of their sparse nature. It can be effectively done without 

loss of the important parameters of signal. ssFFT greatly reduces 

time for acquisition of satellites [9]. The author has sub-sampled 

the signal with different sampling frequencies varying from 

11.999 MHz to  1 MHz [10]. Sub-sampling on tracking GPS sig-

nal has also been done effectively with sampling 2.5 MHz 

[12].The processing time can be reduced further after sub-

sampling acquisition and tracking. This paper focuses on reduc-

tion of processing time combinedly on acquisition, pull in fre-

quency as well as tracking with reduction of sampling frequency 

up to2.5 MHz.   

This paper is organized as section II explains design of SGR. Sec-

tion III gives detailed analysis and implementation of sub sam-

pling in SGR. Section IV concludes this work.world growing fast-

er every day with rapidly improved techniques[13-20].  

2. Sub-sampled SGR 

The basic building blocks of SGR are  acquisition and tracking as 

illustrated in Fig.1. Correlating the incoming signal with the local-

ly generated signal named as acquisition. whereas finding finest 

value of carrier frequency and code phase named as tracking.  

To reduce processing time for these blocks one need to understand 

the exact working of these blocks and their significance. The basic 

function of each block is discussed below   

 

Fig. 1. Block diagram of GPS receiver  
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2.1. Acquisition 

One of the important task of GPS receiver is to achieve synchroni-

sation of incoming signal to identify available satellite. It is two 

dimensional search operation, where the C/A code and Doppler 

shift are estimated coarsely. The correlation between incoming 

and locally generated signal produces spike at output. 

2.2. Tracking 

Tracking algorithm allows a GPS receiver to maintain lock on 

carrier frequency and C/A code of acquired signal so that receiver 

can determine the navigation observables and decode navigation 

data message. One necessary tracking algorithm is a delay-locked 

loop (DLL), which maintains phase alignment between the re-

ceived C/A code and the replica generated at the receiver. The 

second one  is  a  Phase-locked loop  (PLL), which is  used  to  

track an incoming signal and to provide accurate measurements of 

phase and frequency of carrier. The processing time required for 

acquisition is T2.   

3. Results, Implementation & Discussion 

For the implementing of proposed techniques real time data of 

satellite no 22 is used. Simulation work is carried out in Matlab 

version 2015. The similar inputs (data and locally generated PRN 

code of satellite no 22) have been given to these two blocks in Fig. 

1 and sub-sampled with different sub-sampling frequency. The 

total processing time required is T means addition of T1, T2. The 

sub-sampling applied on all three blocks with same or different 

sampling frequency as discussed below 

The sub sampling frequency Fs=5MHz. The acquisition results 

obtained from simulations are as satellite number, N=22 along 

with carrier frequency, Fc=1250500 MHz and code phase delay 

470. The time required for acquisition process, T1 is 0.102527 sec. 

Fig. 2a represent the  

The processing time for tracking of visible satellite signal is, 

T2=3.456647 sec. The Fig. 2b represent the demodulated noisy 

signal. 

Thus total time taken for complete process is T=T1+T2 is 

3.456647 sec.     

The sub sampling frequency Fs=2.5MHz. The acquisition results 

obtained from simulations are as satellite number, N=20 along 

with carrier frequency, Fc=1249500 MHz and code phase delay 

236*2=472. The time required for acquisition process, T1 is 0. 

0.045616 sec. Fig. 3a represent the acquisition of satellite signal. 

The processing time for tracking of visible satellite signal is, 

T2=2.113844sec. The Fig. 3b represent the demodulated noisy 

signal.  

Thus total time taken for complete process is T=T1+T2 is 2.15946 

sec.     

 
Table 1: Sub sampling simulation Results at different frequencies 

Sr. 

No 

Sampling 

Frequency 

Acquisition 

Results 
Tracking 

Results 

Total Time 

(Sec) 

1 Fs=5MHz 

N=22 

Fc=1250500 

Ph=470 
T1=0.102527 

T2=3.456647 T=3.456647 

2 Fs=2.5MHz 

N=20 

Fc=1249500 
Ph=236*2 

T1=0.045616 

T2=2.113844 T=2.15946 

 

 

(a) 

 

      

   (b) 

Fig. 2: Sub-sampling with sampling frequency 5 MHz 

 

(a) 

 

   (b) 

Fig. 3: Sub-sampling with sampling frequency 2.5 MHz 
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4. Conclusion  

This paper explore the sub sampled  SGR to recover the demodu-

lated signal with less tracking computation time and accuracy. 

Real time data of GPS satellite no 22 is simulated. From simula-

tions, it is observed that combined sub-sampling of SGR results in 

accurate acquisition and tracking without loss of signal. The in-

coming signal is sub-sampled with sampling  frequency 5 MHz 

and 2.5 MHz  with the computation time 3.456647 sec and 

2.15946 sec respectively. Thus time saved is 37% of the original 

one. Further efforts need to be taken in order to reduce  overall 

computation time for processing of SGR.  
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