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Abstract - Software defined GPS receiver has three main modules. They are acquisition, tracking and navigation modules. 
This paper describes the implementation and analysis of acquisition and tracking for GPS software receiver. For signal 
acquisition, the analysis of three acquisition algorithms is implemented and analysed. In tracking, there are two main 
tracking loop: code tracking and carrier tracking. This paper emphasizes on code tracking loop which is also called Delay 
Locked Loop (DLL). Code tracking loop is implemented and the effect of changing parameters such discriminator spacing 
and loop noise bandwidth is also described. In case of satellite signals, not only real signals from GPS front-end but also 
generated signals from signal simulator are used for analysis of acquisition algorithms and tracking results. GPS signal 
processing for acquisition and tracking is performed by using MATLAB programming language. 
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I. INTRODUCTION 
 

GPS (Global Positioning System) is a satellite based 

navigation system for estimation of users’ position, 

velocity and time (PVT). Nowadays, many satellite 

systems have been developing and GPS is the first 

and popularsatellite system which was originated by 

the United States (U.S). It is the firstnavigation 

system which provides global coverage and it has 
been widelyused for navigation, timing and position 

related applications.GPS consists of three main 

segments. They are space segment, control segment 

and user segment [1].Space segment comprises 

constellation of 32 satellites orbiting about 20,000 

Kilometers above the Earth’s surface.Control 

segmentconsists of ground control stations to keep 

track of satellites and data uploading stations which 

send commands and data to the constellation and 

monitor stations which perform andanalyse 

transmission. User segment consists of GPS antennas 
and receivers which the users can determine their 

positions. Nowadays, many commercial hardware 

receivers are developed in the market. However, the 

limitation is the price of the receiver in order to get 

the great performance and more accurate position. 

Moreover, in an ordinary hardware receiver, 

algorithms are implemented in a fixed platform and 

cannot be upgradeable. So, software defined receiver 

is the best solution in order to solve these kind of 

problems.It is more efficient and flexible to 

implement and improve the performance than 

commercial hardware receiver.This paper will present 
the analysis and comparison of different signal 

acquisition algorithms and tracking loop of GPS 

receiver.  

 

All signal processing process is performed in 

personal computer (PC) by using MATLAB 

programming language. 

II. GPS SIGNAL 

 

GPS software defined receiver consists two parts. 

One is hardware portion to acquire the incoming GPS 

signal and the other is software portion for GPS 

signal processing. An antenna and RF front-end are 

the hardware parts and the rest of the implementation 

of GPS signal processing will be performed in 

software portion. There are three main modules in a 
GPS system. They are signal acquisition, signal 

tracking (code and carrier) and navigation module. 

The main task of signal acquisition is to find the 

visible satellites andestimate the code delay and 

Doppler frequency. Signal tracking is to refine that 

parameters and track and demodulate navigation data 

message. Navigation module is used to obtain 

pseudoranges, GPS time, Ephemeris, Almanac, and 

Klobuchar information and calculate user position[1]. 

Figure 1 shows the block diagram of GPS software 

receiver. 

 
Figure 1. Block Diagram of GPS Software Receiver 

 

GPS signals are transmitted upon two frequencies of 

L-band. The carrier frequencies of L1 and L2 band 

are: 

fL1 = 154 f0 = 1575.42 MHz 

fL2 = 120 f0 = 1227.60 MHz 

 

where f0 is a common frequency and its value is 10.23 

MHz. 

 

GPS signals are composed of three parts. They are 
codes which is called spread spectrum sequences, 
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carriers and navigation data. L1 band has C/A 

(Coarse/Acquisition) code which is used for civilian 
communityand navigation data whereas L2 consists 

ofP(Y) code which is used for more precise military 

applications.C/A code is a sequence of ones and zeros 

which also called Gold code or Pseudo Random 

Noise (PRN) code.EachPRN code is unique sequence 

for each satellite and these codes are transmitted in 

the same carrier frequencies through Code Division 

Multiple Access (CDMA) technique.For GPS L1, 32 

different PRN codes are locally generated in order to 

correlate with the incoming GPS signals[2]. 

 

The equation (1) is the incoming signal which is 
transmitted from GPS      (1) 

 
 

The equation (1) is the incoming signal which is 

transmitted from GPS satellitesiwhere PC is the 

transmission power of C/A code, Ciis the C/A code 

for the satellitei, Di is the navigation data and fL1 is 

the carrier frequency of L1 band.In this paper, the 

input satellite signal is generated from the GPS signal 

simulator to perform different acquisition algorithms 
and then the real signal from the RF-front end called 

RTL2832u[3] is also used to analyse code tracking 

loop. 

 

III. GPS SIGNAL ACQUISITION 

ALGORITHMS 

 

GPS signal acquisition is to detect the presence or 

absence of signals in order to track and decode the 

navigation data transmitted by the satellites. There are 

two parameters to estimate. The first one is code 
phase which is the delay time between receiver and 

satellites and Doppler frequency which is caused by 

the motion of satellites relative to receiver. For a 

stationary receiver, maximum Doppler frequency 

value is around 5 kHz and for moving receiver its 

value is 10 kHz [4]. Code phase is the value of 
phase for which the correlation has a peak value.To 

determine the code phase, the receiver needs to 

generate the local C/A code for each satellite in order 

to correlate the incoming satellite signal. If the 

satellite is present, the correlation peak is detected 

that is called autocorrelation function. It has the 

maximum autocorrelation function and minimum 

cross correlation function.The received satellite signal 

is converted to intermediate frequency (IF) signal in a 
RF front-end and the output from front-end is  (2) 

 
 

Code phase , τ and Doppler frequency, fD are two 

parameters to be estimated and φ is the unknown 

carrier phase of the incoming signal. Therefore, the 

two-dimensional search space is used for acquisition 

within ±500 Hz of Doppler frequency shift. The 

simplest and traditional acquisition method is serial 

search along the search space and this is called Serial 
Search acquisition. The limitation of this method is 

time consumption because it searches through all 

search space bins until the satellite vehicle (SV)is 

detected. This method is mainly used in hardware 

receiver because of its simplest architecture in 

implementation. Figure 1 shows the Serial Search 

acquisition. To solve the problem of Serial Search 

acquisition, one of the search space domains is 

parallelized and this kind of method is called Parallel 

Search Acquisition or FFT (Fast Fourier Transform) 

method. Since computation time in acquisition is 

critical, by parallelization of one of search 
parameters, faster acquisition time can be executed. 

The first method isparallelization in time domain 

which is called Parallel Code Phase Search. Figure 2 

shows acquisition algorithm using Parallel Frequency 

Space Search method and Figure 3 and 4 describe 

Parallel Frequency Space Search and Parallel Code 

Phase Search acquisition, respectively. 

 

 
Figure 2. Serial Search Acquisition 

 

Parallel Frequency Space Search acquisition performs 

parallel search in frequency domain and serial search 
in time domain like Serial Search acquisition. Firstly, 

the incoming signal is multiplied by local C/A code. 

Then, the signal is transformed into frequency 

domain using Fast Fourier Transform (FFT) and the 

absolute value of the output signal is used to find the 

correlation peak in order to detect the visible 

satellites. 
 

 
Figure 3. Parallel Frequency Space Search Acquisition 

 

Parallel Code Phase Search acquisition performs 

serial search in frequency domain and parallel search 

in the code phase shift domain. The incoming signal 

is multiplied by locally generated carrier signal.This 
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multiplication generates in-phase I and 90º phase-

shifted of the signal generates quadrature Q signal. 
These I and Q signal are combined into complex 

signal. This signal is transformed into frequency 

domain by using FFT and multiplied by locally 

generated C/A code. After this, the resulted signal is 

also transformed into time domain using inverse FFT 

(IFFT) and the absolute value is computed. 

 
Figure 4. Parallel Code Phase Search Acquisition 

 

IV. GPS SIGNAL TRACKING 

 

After acquisition, tracking is performed to refine the 

estimated values of code phase and Doppler 

frequency obtained from the acquisition stage.The 

main task of tracking is to keep track ofthese 

parameters in order to extract navigation message and 

calculate pseudorange for position estimation.The 

carrier and code frequencies changes due to the 

Doppler effect which is caused by the motion of 

satellite as well as the receiver. There are two main 

tracking loop: code tracking loop and carrier tracking 
loop. Code tracking loop is also called Delay Lock 

Loop (DLL) which is used to track code phase and 

carrier tracking loop also called Phase Lock Loop 

(PLL)is used to track the carrier frequency [5].The 

accuracy of pseudorange for PVT estimation depends 

on the accuracy of the final code phase value which is 

resulted from the tracking loop. 

 

GPS code tracking is to keep track of the code phase 

which is the correlation of C/A code between the 

incoming signal and local replica code. In order to 
perfectly align with the code of incoming signal, it is 

needed to generate three local C/A codes namely 

early(E), prompt(P) and late(L) code. The prompt is 

the phase shift value obtained from the acquisition 

stage and early is the 1/2 chip earlier version of 

prompt code and late code is 1/2 chip late of that [4]. 

The three replicas are nominally generated with a 

spacing of ±1/2 chip. Therefore, code tracking loop is 

also named as Delay Lock Loop (DLL) or Early 

Minus Late (EML).  Figure5 shows basic code 

tracking loop. The incoming signal is multiplied with 
local carrier in order to remove carrier frequency. 

After removing carrier wave from the incoming 

signal, the three local codes are generated based on 

the prompt code which is aligned in phase using the 

obtained code phase shift in acquisition. The 
incoming signal is multiplied with these three replica 

codes and the results are integrated and dumped. 

These output values are the correlation of early, 

prompt and late replicas with the incoming baseband 

signal. 

 
Figure 5. Basic code tracking loop 

 

The signal can be noisier if there is phase error in 

local carrier wave and it will be more difficult for 

DLL to lock. Therefore, both in phase and quadrature 

of the three correlators are used in order to avoid the 

phase changes of local carrier wave.Figure 6 shows 

the block diagram of DLL tracking with six 

correlators. 
 

 
Figure 6. DLL tracking loop 

 

If the local carrier wave is in phase with the input 

signal, all the energy will be in the in-phase arm. But 

if the local carrier phase drifts compared to the input 

signal, the energy will switch between the in-phase 

and the quadrature arm. The output of the three 
correlators in the in-phase arm is shown in upper part 

of the figure, and the lower part shows the correlation 

output in the quadrature arm of the DLL with six 

correlators: IE, IP, IL,QE, QP and QL[5]. The DLL 

needs a feedback to the PRN code generators if the 

code phase has to be adjusted. These outputs are 

filtered and compared using a discriminator. The 

coherent discriminator is the simplest and does not 

require the Q brunch. However, only the carrier and 

the Doppler shift are estimated and removed and 

there is still the residual phase at the input. So non-

coherent DLL is used in order to avoid the phase 
changes of local carrier wave. This paper analyses 

non-coherent DLL discriminators based on the effect 

of changing parameter values. 

In non-coherent DLL, dot product discriminator uses 

all correlators and this is the lowest baseband 
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computational load. Early minus late power has 

moderate computational load and early minus late 
envelope is higher computational load and it has good 

tracking loop error within 1/2 chip of input error. 
Early minus late envelope normalized is performed to 

remove the amplitude sensitivity. Moreover, it has the 

highest computations and its best tracking error is 

also within 1/2 chip of input error. It becomes 

unstable at 1/2 chip input error.In this paper, the 
analysis of DLL discriminator function is described 

by changing the parameters such as correlator or 

early-late spacingand loop noise bandwidth. 

 

V. TEST AND RESULTS OF ACQUISITION 

AND TRACKING 

 

A. Analysis of Acquisition Algorithms 

In this paper, the input satellite signal for acquisiton 
is generated from signal simulator N-FUELS which 

produces the required GPS signal similar to those 

from hardware front-end device [6].The generated 

signal for analysis of acquisition algorithms is GPS 

L1 signal with 16.368 MHz sampling frequency, 

4.092 MHz intermediate frequency(IF), 1.5kHz 

Doppler frequency and 0.48876 ms (i.e500 chips) 

code delay. Figure 7 shows the serial search 

acquisition for single satellite with operation time 

of28.984 seconds and the corresponding estimated 

code delay is 499.875 chips and Doppler frequency is 

2kHz. 

 
Figure 7.Serial Search Acquisition 

 
Figure 8.Parallel Frequency Space Search Acquisition 

 
Figure 9.Parallel Code Phase Search Acquisition 

Figure 8 and 9 show the parallel frequency space 

search and parallel code phase search acquisition. For 
parallel frequency space search, the estimated 

Doppler frequency is 1kHz and estimated code phase 

is 499.875 chips and its operation time is 26.406 

seconds. In case of parallel code phase search 

acquisition, its operation is only 0.242 seconds and 

estimated Doppler frequency and code phase are 

1.5kHz and 500 chips which are the same values of 

generated satellite signal.Therefore, the acquisition 

parameters (Doppler frequency and code delay) are 

much more exact and operationtime in parallel code 

phase search acquisition is faster than the other 

ones.According to simulation results, parallel search 
acquisition in time domain is the best for software 

defined receiver to perform GPS signal acquisition 

because of less computational burden and less time 

consuming.  

B. Analysis of Tracking  

For code tracking, the analysis of the effect of 

changing parameters for discriminator or S-curves is 

tested and described briefly. Figure 10 shows the raw 

and filtered DLL discriminator outputs for one 

satellite of the incoming signal recorded from the RF 

front-end. 

 
Figure 10.Raw and Filtered DLL discriminator output 

 

Firstly, different values of discriminator spacing (ds) 

between early and late code are changed and the 

results are shown in Figures 11 and 12 shows filtered 

DLL with different discriminator spacing values: 

0.125 and 0.5.It determines the noise bandwidth in 

DLL and the dynamic range of the signal.The smaller 

value of spacing can reduce DLL tracking dynamic 

range and tracking error variance. However, low 

value of spacing cannot be able to lock on the 
incoming signal especially for a noisy signal (low 

signal to noise ratio). 

 
Figure 11. DLL output with discriminator spacing 0.125 
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Figure 12. DLL output with discriminator spacing 0.5 

 

Moreover, different values of loop noise bandwidth is 
also considered as its effect can determine the output 

of DLL discriminator.It controls the amount of noise 

allowed in the filter. Large value of bandwidth can 

quickly lock to the real code frequency but has large 

frequency noise in the locked state. Subplots of 

Figure 13 shows DLL with four different bandwidth 

values. 

 
Figure 13. DLL output with different loop noise bandwidth 

values 

 

VI. CONCLUSIONS  

 

This paper presents the analysis of acquisition 

algorithms and tracking for implementation of GPS 

software receiver. The simulation results are also 

described by comparing the acquisition time of each 

method. Since the time required to detect the 

presence or absence of signals is very important, the 
parallel search algorithms are better than the serial 

one according to the simulation results.Among the 

parallel search algorithms, parallel search in time 
domain (code delay) is the best for software receiver 

because of its less computational steps and fastest 

speed.It also describes test and results of DLL 

discriminators by changing parameter values of 

correlator spacing and loop noise bandwidth. Two 

different early-late spacing (ds) are tested in this 

paper and the results describe that the narrower the 

spacing the greater the accuracy of code tracking 

discriminators. In case of loop noise bandwidth, 

larger value can lock faster on the incoming signal 

but too much increase can be noisy over correcting 

the code frequency. 
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