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Abstract

Signal acquisition in GPS receiver is a coarse synchronization process whose goal is to

estimate the Pseudo-Random Number (PRN) code delay and the Doppler frequency. The

acquisition methods, in literatures, are performed in either time domain or frequency do-

main. Early methods compute the correlation in the time domain to achieve the performance

of maximum likelihood estimation (MLE). Recently, new realization techniques have been

developed for computing the correlation in frequency domain via the fast Fourier transform

(FFT) such that the computation complexity is significantly reduced. The approaches via

the FFT, however, still require high computation complexity if one desires to estimate the

Doppler frequency with its resolution up to a few Hertz. The reason is because the FFT

evaluates the whole signal spectrum, but the range of possible Doppler frequency is relatively

much small compared with the signal spectrum. Therefore, this thesis employs the Chirp

Transform Algorithm (CTA) to overcome this drawback because the CTA evaluates only

within the range of Doppler frequency. This approach can either reduce the computation

complexity or increase the frequency resolution. In this thesis, we further combine together

the two techniques, one using the CTA for Doppler frequency estimation and the other using

the FFT for code delay estimation, yielding a new acquisition approach, referred to as the

two-stage search method which, compared with traditional methods, can reduce the compu-

tation complexity. Computer simulations are also performed to demonstrate the advantages

of our proposed methods.

Keywords: GPS, C/A, PRN, FFT, CTA.
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Chapter 1

INTRODUCTION

1.1 Introduction

Global Positioning System (GPS) receivers must acquire and track the PRN code from

several GPS satellites. In order to track and decode the navigation data in the received

signal, an acquisition process must be first done to detect the presence of the signal. Once

the signal is detected, the necessary parameters which are the PRN code delay and the

Doppler frequency must be obtained and passed to a tracking program. From the tracking

program the navigation data can be obtained. The tracking effort can be greatly reduced

if the initial code delay and the Doppler frequency are more accurate. This thesis presents

a new and efficient method to increase the accuracy of the Doppler frequency acquisition.

In our proposed method, we find that it is easy to increase frequency resolution up to the

level of the bandwidth of tracking loop with lower computation complexity. So, one can also

combine our method with other fast methods which are good at finding code phase/delay

fast, such as FFT. Thus, a two-stage search strategy is proposed in this thesis. In this way,

not only can the burden of tracking loop be alleviated, but also the computation complexity

of acquisition can be reduced.

1.2 Motive and Literatures Review

Although GPS signal acquisition is a mature subject, there is still some ways to improve

acquisition on computation complexity. Acquisition is the most time-consuming operation

in the GPS receiver. A fast search algorithm was presented by Cheng in [1]; it is using FFT

to the find the Doppler frequency. In this thesis, we refer to this method as to Serial (code

delay)-Parallel (Doppler frequency) Method, meaning that it is performed by doing serial

code correlation along with searching the Doppler frequency in the spectrum. Another fast

1



CHAPTER 1. INTRODUCTION

search algorithm was presented by Van Nee in [2][5][6]; it is also using the FFT to search

code delays, instead of Doppler frequency. We call this approach Parallel-Serial method. The

idea of Serial-Parallel method is adopted by [3][4] for solving the problem of large Doppler

frequency in the earth orbit satellites (LEOS) channel. In the methods discussed above,

they still have much computation to do as a result of long acquisition intervals if they want

to find fine frequency resolution. In reference [7], they propose a new algorithm based on

the stochastic nonlinear filtering framework, and they claim that the proposed architecture

yields small code/frequency acquisition intervals and reduced tracking errors. However, it

appears to be complicated, and its estimation of frequency range depends on SNR (C/N0).

In our proposed method, we can dramatically increase frequency resolution under the same

SNR with a little increment of complexity. In the book [8], it uses Serial-Parallel method

and employs the phase relation to find fine frequency resolution. To reduce the complexity,

the book presents an approach to multiply the delay of the received signal with the no-delay

one to eliminate the carrier frequency first. It can operate faster than the FFT method, but

it requires a higher SNR.

1.3 Organization of the Thesis

The remainder of this thesis is divided into four chapters including conclusions. Chapter

2 reviews the GPS, its receiver structure, and the baseband signal. Chapter 3 illustrates

the differences of two fast current methods and our methods. Chapter 4 demonstrates

the computer simulations and lists of computation complexity. The final chapter is the

conclusions.

2



Chapter 2

GPS SIGNAL MODEL

2.1 Introduction to GPS

GPS is a space-based radionavigation system which is managed for the Government of

the United States by the U.S. Air Force (USAF), the system operator. The GPS is designed

to provide precise position, velocity and timing information on a global common coordinate

system to an unlimited number of suitably equipped users. It consists of three segments:

the space-segment, the control-segment, and the user-segment. When fully deployed, the

space-segment will contain 21 primary space vehicles and 3 spares in 12-hour, 55o inclina-

tion orbits with 4 space vehicles distributed in each of 6 planes. The control-segment consists

of monitor stations to check the health of the satellites, to determine their orbits and the

behavior of their atomic clocks, and to inject the broadcast message into the satellites. The

user-equipment is the key for users to access the system which has undergone extensive de-

velopment since the GPS concept was initiated in 1973.

Normally for a user to determine his absolute position, he needs to receive signals from

four different GPS satellites. A GPS satellite transmits information to users on two different

L-band frequencies L1 and L2. Both L1 and L2 signals are also continuously modulated

with the navigation data bit stream at 50 bit per second.

The signals are modulated with two PRN codes : Precision (P) code and Coarse/Acquisiton

(C/A) code. The actual P code is not directly transmitted by the satellite, but it is mod-

ulated by a Y code, which is often referred to as the P(Y) code. In general, in order to

acquire the P(Y) code, the C/A code is usually acquired first. Thus, if one wants to get the

signal from satellites, one must demodulate the received signal to obtain the C/A code first.

3



CHAPTER 2. GPS SIGNAL MODEL

Therefore, in this thesis we only focus on the acquisition of C/A code.

2.2 GPS Signals From Satellites

2.2.1 Signal Structure

The GPS signal contains two frequency components: link 1 (L1) and link 2 (L2). The

center frequency of L1 is at 1575.42 MHz and L2 is at 1227.6 MHz. These frequencies are

coherent with a 10.23 MHz clock. These frequencies are very accurate as their reference

is an atomic frequency. The signal structure of the satellite is well defined in [9]. The L1

frequency is Bipolar-Phase Shift Key (BPSK) modulated by the composite C/A code and

navigation data bit train if one only considers the C/A part, and it can be written as:

S(t) = AP (t)D(t)sin(w1t + φ) (2.1)

where D(t)=±1 represents the data code, w1 is the L1 frequency, φ is the initial phase. A is

the amplitude of the C/A code, and P(t)=±1 represents the phase of the C/A code.

2.2.2 Generation of C/A Code

The characteristics of the C/A code are all defined in [9], which defines its structure and

the basic method used for generating it. The C/A code consists of 1.023 Mbps Pi(t) patterns

with Modulo 2 addition of the navigation data bit train, D(t), which is clocked at 50 bps.

The resultant composite bit train is then used to BPSK modulate the L-band carrier. The

user receiver is then required to independently generate and synchronize with the satellite

transmitted C/A code and perform Modulo 2 addition in order to decode and interpret the

navigation message. The linear Pi(t) pattern (C/A-code) is the Modulo-2 sum of two 1023-

bit linear patterns, G1 and G2i. The latter sequence is formed by effectively delaying the

G2 sequence by an integer number of chips from 5∼950 to produce 36 unique P(t) patterns

(listed in [9]). The G1 and G2 sequences are generated by 10-stage shift registers having the

following polynomials as referred to in the shift register input.

G1 : x10 + x3 + 1

G2 : x10 + x9 + x8 + x6 + x3 + x2 + 1

4



CHAPTER 2. GPS SIGNAL MODEL

The initialization vector for the G1 and G2 sequences is (1111111111). The effective delay

of the G2 sequence to form the G2i(t) sequence is accomplished by combining the output

of two stages (S1 and S2) of the G2 shift register by Modulo-2 addition. This allows the

generation of 36 unique C/A(t) code phases using the same basic code generator as shown

in Fig. 2.1.

Three Figures 2.2, 2.3, and 2.4 can describe the characteristics of C/A code [15].
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Fig. 2.1: C/A code generator

Fig. 2.2 is the autocorrelation of satellite 19. The the maximum peak is 1023 whose position

is deliberately shifted to the center of the figure for a clear view. The rest of the correlation

has three values 63, -1, 65.
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Fig. 2.2: Autocorrelation of satellite 19
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CHAPTER 2. GPS SIGNAL MODEL

Fig. 2.3 is the crosscorrelation of satellites of 19 and 31. It also has three values 63, -1,

-65. Figure 2.4 is the spectrum of C/A code satellite 12.
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Fig. 2.3: Crosscorrelation of satellites 19 and 31
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Fig. 2.4: Spectrum of a C/A code

2.3 GPS Receiver

A GPS receiver simply consists of two parts : RF module and A/D convert. The RF

signals from the antenna are converted to the baseband signals in the RF module. The RF

6



CHAPTER 2. GPS SIGNAL MODEL

module consists of a mixer and a lowpass (LP) filter. A/D convert is to digitize the analog

baseband signal for the digital signal processor (DSP) to process. They are shown in Fig.

2.5.
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Fig. 2.5: The block diagram of GPS receiver and DSP

2.3.1 RF Module

Because of the uncertainty of the Doppler frequency in the L1 signals (varying from -5

kHz to +5 kHz for static receivers), the center frequency of the baseband carrier, wc, should

be 5 kHz or large for accurately estimating the Doppler frequency in the digital baseband. A

baseband carrier frequency of 17.248 kHz is chosen for the L1 channels [10]. With a simple

single stage downconverter, the local NCO generates RF signals of (1575.42 MHz-17.248

kHz) for the L1 channel. Fig. 2.6 depicts the block diagram of the RF module.
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Fig. 2.6: RF Module

The bandwidth of the low-pass (LP) filter is determined by the C/A code power spectrum

density, which varies with a Sinc2(kf) form in an amplitude level as shown in Figure 2.4.

The baseband signal from the RF module is fed to the A/D converter, which samples the

7



CHAPTER 2. GPS SIGNAL MODEL

signals and outputs the corresponding discrete baseband signals.

2.3.2 A/D Converters

According to the sampling theorem [13], a signal may be reconstructed without error

from regularly spaced samples taken a rate fs, which is at least twice the maximum frequency

fm present in the signal. Therefore, the sampling rate for the baseband C/A signal should

be

fs ≥ 2 × 1.023 MHz = 2.046 MHz (2.2)

High sampling rate requires higher realization complexity. A lower sampling rate will yield

estimates with lower time resolution. The time resolution is too coarse to position. In

reference [10], a low sampling rate fs = 2.1518 MHz under which the commensurability

error can be reduced to a negligible level [13] is adopted in this thesis.

2.4 Input Signals of The Digital Baseband Processor

Because the period of navigation data is very long compared with C/A code, one can

ignore it within the acquisition time. The input signal plus noise in a single channel can be

modeled [10][11] as :

r(n) = AP [(1 + ζ)nTs − εTp]e
j(wb+wd)n+φ0 + N(n), (2.3)

where P [·] is a ±1 - valued C/A code, delayed by τ = εTp with respect to GPS system

time, N(n) is the Gaussian white noise, wb = 2πfbTs and wd = 2πfdTs are the digital radian

frequencies corresponding to the baseband carrier fb and Doppler frequency fd, Ts is the

sampling period, Tp is the code chip width, and φ0 is the initial carrier phase at n=0. Here,

we define the carrier frequency wc = wb + wd. The baseband carrier fb is known as 17.248

kHz. If one wants to know the Doppler frequency, he can obtain it from the carrier frequency,

wc.

8



Chapter 3

C/A CODE ACQUISITION

In estimation theory, acquisition is to find code delay, m, and carrier frequency, wc,

to make the likelihood function maximized. It is the well-know mathematical approach,

Maximum Likelihood Estimate (MLE). The likelihood function for acquisition is written as:

L(m, wc) =
1

N0
|

N−1∑

n=0

r(n)p(n + m) cos(wcn)|2 +
1

N0
|

N−1∑

n=0

r(n)p(n + m) sin(wcn)|2 (3.1)

where N is the length of observation interval, r(n), N0 is the power spectral density of the

noise, N(n), and wc is the carrier frequency which is defined in section 2.4. The equation

is derived [11][12] under over a sufficiently short observation interval the signal parameters

may be viewed as constant and the noise is Gaussian white. From the equation (3.1), one

can find the computation complexity of the likelihood function is dominated by the inner

part of the brackets. Usually, it is called correlation or crosscorrelation. Because we must

change the possible values, m and wc, to make L maximized, acquisition can be thought of

as a 2-dimension search process (m,wc) in a uncertainty region shown in Fig. 3.1.
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Fig. 3.1: Two-dimensional C/A code search region

Each cell represents the different value of (m,wc). The range and resolution of region depends
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CHAPTER 3. C/A CODE ACQUISITION

on the environments or applications. Usually, for static receivers the range of Doppler

frequency is -5 kHz ∼ 5 kHz, and that of code delay is the period of the code. Intuitively,

one can move cell by cell to find the maximum value of L. The correct cell is identified

by measurement of the output power of the correlators as shown in Fig. 3.2. The signal is

detected until the maximum power is found or the power exceeds the predetermined threshold

as shown in Fig. 3.2. Usually, this method is called the conventional method. However, one

can fix a certain parameter to find another one along a row or column as shown in Fig.3.1.

Since the strategy searching along the row or column can be performed with FFT, they are

called FFT methods. In the following sections, FFT methods will be discussed first, and our

methods will be introduced.
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Fig. 3.2: Acquisition system block diagram

3.1 Acquisition Using FFT

In literatures, many methods [1][2][3][4][5][6][8] employ FFT to reduce computation com-

plexity. In this section, we review these methods, show they can be implemented by FFT in

mathematical derivation, and the steps of implementation .

3.1.1 Serial(code delay)-Parallel(Doppler frequency) Method

The method is to delay the code and then to find the Doppler frequency with FFT in parallel.

Then the found frequency is took back to compute the correlation power. So in this thesis,

we call this method as Serial-Parallel method, or simply S-P method. The detailed process

is shown in Fig. 3.3. After applying FFT, for finding the Doppler frequency in the signal

spectrum one can only do Rw multiplications, instead of N multiplications, to reduce the
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CHAPTER 3. C/A CODE ACQUISITION

computation complexity. Rw is the number of frequency samples on the range of Doppler

frequency.
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Fig. 3.3: Using FFT to estimate the Doppler frequency

3.1.2 Parallel(code delay)-Serial(Doppler frequency) Method

The two inner part of brackets in equation (3.1) can also be written below.

y(m) =

N−1∑

n=0

r(n)p(m + n)e−jwcn (3.2)

If one fixes the carrier frequency wc as w, then the equation (3.2) becomes the correlation

of r(n)e−jwn and p(n). It is similar to search the code delay in parallel and change wc in

serial, so it is called as Parallel-Serial method, or simply P-S method. Because the C/A

code repeats each 1 ms, it is a circular signal. One can use FFT and IFFT to compute y to

reduce the computation complexity. Apply FFT to y(m)

Y (k) =

N−1∑

m=0

y(m)e−j 2πkm
N

=
N−1∑

m=0

N−1∑

n=0

r(n)p(m + n)e−jwne−j 2πkm
N

=
N−1∑

n=0

r(n)
N−1∑

m=0

p(m + n)e−j 2πkm
N e−jwn

=

N−1∑

n=0

r(n)

N−1∑

m=0

p(m + n)e−j
2πk(m+n)

N ej 2πkn
N e−jwn

=
N−1∑

n=0

r(n)P (k)ej 2πkn
N e−jwn

11



CHAPTER 3. C/A CODE ACQUISITION

= P (k)[
N−1∑

n=0

r(n)e−jwnej 2πkn
N ] (3.3)

From (3.3), one can find that the FFT of equation (3.2) is the multiplication of the

FFT of p(n) and the IFFT of Nr(n)e−jwn. The result of equation (3.3) is based on the

circular property of p(n), and r(n) need not have this property. In practice, r(n) can not be

considered as circular, because it contains noise even if r(n) also contains the circular C/A

code, p(n). However, some methods, like reference [8], which also apply FFT to estimate

code delays assume that the multiplication of p(m + n) and e−jwn is circular. Under the

above assumption, the obtained likelihood function with the right estimated parameters will

be smaller than us. In other words, when SNR is very low, these methods with the above

assumption can not detect the wanted signal efficiently and sensitively. After getting y, we

can compute L to determine whether the signal is detected. In summary, the block diagram

shown in Figure 3.4 is equivalent to that shown in Fig 3.2.
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Fig. 3.4: Using FFT to estimate the code delay

3.2 Acquisition Using CTA

In this section, the Chirp Transform Algorithm(CTA) is introduced and illustrated how

we can employ it to increase frequency resolution within the range of the Doppler frequency

and to reduce computation complexity. In the common FFT methods, the frequency reso-

lution obtained from 1 ms of data is 1 kHz, which is too coarse for the tracking loop. The

desired frequency resolution [8] should be within a few tens of Hertz. Usually, the tracking

loop has a width of only a few Hertz. Using FFT to find fine resolution is not an appropriate

approach, because in order to achieve 10 Hz resolution we must apply FFT to 100 ms of

12



CHAPTER 3. C/A CODE ACQUISITION

data which is 215200 samples at the sampling frequency 2.1518 MHz. Therefore, it is too

time-consuming for FFT operation.

3.2.1 CTA Algorithm [13]

The CTA is more flexible than the FFT, since it can be used to compute any set of

equally spaced samples of the Fourier transform on the unit circle, as indicated in Fig. 3.5.

To derive the CTA, we let y[n] denote an N-sequence and Y (ejw) its Fourier transform.
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Fig. 3.5: Frequency samples for CTA

We consider the evaluation of M samples of Y (ejw) from an initial frequency w0 by the

increment ∆w which can be chosen arbitrarily. Thus, DFT is simply the special case of

CTA when w0 = 0, M = N , and ∆w = 2π/N which is also shown in Fig. 3.5. The detailed

derivation [13] is shown below.

Y (ejwk) =

N−1∑

n=0

y(n)e−jwkn, (wk = w0 + k∆w, k = 0, 1, ..., M − 1 )

=

N−1∑

n=0

y(n)e−j(w0+k∆w)n, (Define W = e−j∆w)

=
N−1∑

n=0

y(n)e−jw0nW kn, (kn =
n2 + k2 − (k − n)2

2
)

=

N−1∑

n=0

y(n)e−jw0nW [n2+k2
−(k−n)2]/2

=
N−1∑

n=0

y(n)W−(k−n)2/2e−jw0nW (n2+k2)/2

= W k2/2
N−1∑

n=0

y(n)e−jw0W n2/2W−(k−n)2/2

13



CHAPTER 3. C/A CODE ACQUISITION

= W k2/2
N−1∑

n=0

g(n)W−(k−n)2/2 (3.4)

where g(n) = y(n)e−jw0nW n2/2.

Replacing k by n and n by k in Eq. 3.5 to obtain more familiar notation :

Y (ejwn) = W n2/2
N−1∑

k=0

g(k)W−(n−k)2/2, n = 0, 1, ..., M − 1 (3.5)

Define h(n) = W−n2/2, -(N-1) ≤ n ≤M-1, otherwise 0. Eq. 3.5 can be interpreted as the

output of a linear time-invariant system, h(n). Because the summation part of Eq. 3.5

is the convolution of g(n) and h(n), one can apply FFT to it to reduce the computation

complexity. Here, the FFT size is L = M+N-1 so that the circular convolution will be equal

to the linear convolution for 0 ≤n≤ M-1. Thus, g(n) must be zero-padded to L. However,

h(n) is noncausal, and for real-time implementations, it must be delayed by (N-1) to be a

causal system, h′(n). So, the computation of Eq. 3.5 is as depicted in Fig. 3.6.
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Fig. 3.6: Block diagram of CTA

The desired frequency samples are given by

Y (ejwn) = Z(n + N − 1), n = 0, ...., M − 1 (3.6)

3.2.2 CTA Method

Because using CTA can find certain M frequency samples from N (>M) time samples,

we can employ it to find the chosen range of the Doppler frequency, ŵr, from the carrier

frequency, wc, as discussed in section 2.4. Generally speaking, the selected range can be

ŵr = −wd ∼ +wd. The common FFT methods uses N time samples to find N frequency

samples, which is limited to find fine frequency in our interested range. In other words, the

frequency resolution of the common FFT methods depends on the length of sampled points
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CHAPTER 3. C/A CODE ACQUISITION

in time domain. To apply CTA to the acquisition problem of the carrier frequency, some

parameters can be set in the following:

w0 = wb − wd; ∆w = 2wd/Rd (3.7)

∆w is the desired frequency resolution which is dependent on Rd.

Thus, replacing the FFT part by the CTA in Fig. 3.3 yields the block diagram Fig. 3.7.
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Fig. 3.7: Using CTA to estimate the Doppler frequency

To reduce the computation complexity, one can apply FFT to the convolution part of CTA

as shown in Fig. 3.8.
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Fig. 3.8: Block diagram of CTA using FFT

3.2.3 Two-stage Search Strategy

The method introduced in the section 3.2.2 is still very tedious and time-consuming as

a result of doing shifting 2152 half-chip times at the sampling frequency fS = 2.1518 MHz,
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although we have the fine frequency resolution. And in the sections 3.1.1 and 3.1.2, even

though P-S method has lower computation complexity than S-P method has, in order to get

fine frequency resolution one still needs to change NCO many times. Thus, we propose a

new strategy to use CTA to estimate the Doppler frequency and FFT to estimate the code

delay. The acquisition is accomplished in two stages, and therefore we call it two-stage search

strategy. The acquisition processes of this approach are similar to the double-dwell search

strategy; two operations are required. However, from the realization viewpoint double-dwell

search strategy is performed in time domain but our approach is in frequency domain. The

detailed procedures are discussed below.

1)In the first stage, use the Parallel-Serial method to find the delay with only several Doppler

frequency bins.

2)In the second stage, apply the obtained code delay from the first stage to find the fine

Doppler frequency via CTA. The block diagram is shown in Fig. 3.9.
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Fig. 3.9: Two-stage search strategy diagram
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3.3 Computation Complexity

In order to measure the computation complexity of above methods, some assumptions

are made. The length of FFT must be of radix 2. In the following discussions, the number

of operations required to an FFT of length N is equal to (N log2 N)/2 multiplications and

N log2N additions. All methods are compared with each other under the same frequency

resolution and the equal range of Doppler frequency. The frequency resolution is ∆f =

fr/(Rw − 1), where fr is the range of the Doppler frequency and Rw is the number of

frequency bins. Define Rd be the number of code delays to be searched, N is the length

of input signal in FFT methods, and Ni is the length of input signal in CTA method. Let

Nc = Ni + M − 1. Assume that one multiplication and one addition is regarded as one

operation.

In S-P method, the whole process of acquisition needs 2NRd + RdRw + Rd multiplications,

NRd additions, and Rd FFT operations.

The computation complexity of S-P method is

Csp = Rd[3N + Rw + 1 + 3(N log2 N)/2]

In P-S method, it needs 3RwN multiplications and 2Rw FFT operations.

The computation complexity of P-S method is

Cps = 3Rw(N + 3N log2 N)

In CTA method using FFT, it needs 3RdNi + Rd + RwRd multiplications, RdNi additions,

and Rd CTA operations; one CTA operation needs Ni +Nc +Rw multiplications, and 2 FFT

operations.

Thus, its computation complexity of CTA method is

Cc = Rd(5Ni + 1 + Nc + Rw + 3Nc log2 Nc)

In two-stage method with R′

w = (Rw − 1)/2 + 1 frequency bins, its computation complexity

is

Ct = 3R′

w(N + 3N log2 N) + Ni + Nc + Rw + 3Nc log2 Nc)

The computation complexity of all discussed approaches are shown in Table 3.3. Here, we
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Computation complexity

S-P Rd[3N + Rw + 1 + 3(N log2 N)/2]

P-S 3Rw(N + 3N log2 N)

CTA Rd(5Ni + 1 + Nc + Rw + 3Nc log2 Nc)

Two-stage 3R′

w(N + 3N log2 N) + Ni + Nc + Rw + 3Nc log2 Nc

Table 3.1: Computation complexity of all

Common parameters

The sampling frequency fs 2.1518 MHz

The resolution of code delay Ts = 1.023Tp

2.1518

The range of Doppler frequency fr 20 kHz

The frequency resolution ∆f 131.33 Hz

Table 3.2: Common parameters

give a GPS application as a demonstrative example using the parameters shown in Table

3.3.

In S-P method, the length of input signal, N, must be chosen 16384, because N = fs/∆f .

The frequency bins is Rw = dfr/∆fe = 153 , where d·e is the ceiling function. The number of

code delays, Rd, is chosen as 2152 for less computation complexity. Thus, the computation

complexity of S-P method is

Csp = 2152 × (3 × 16384 + 153 + 1 + 3 × 16384 × 14/2)

= 846, 532, 240

In P-S method, the length of input signal, N, is chosen as 4096 to be of radix 2 and over one

period of C/A code. The number of frequency bins is Rw=153. The computation complexity

of P-S method is

Cps = 3 × 153 × (4096 + 3 × 4096 × 12)

= 69, 562, 368

In CTA method , the length of FFT in CTA, Nc, must be of radix 2 and over one period of

C/A code. Thus it can be chosen as 4096. Ni = Nc − Rw + 1 = 4096 − 153 + 1 = 3944. Rd
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can be chosen as 2152. The computation complexity of CTA method is

Cc = 2152 × [5 × 3944 + 1 + 4096 + 153 + 3 × 4096 × 12]

= 368, 908, 752

In two-stage method, at the first stage N can be 4096 and R′

w =77. At the second stage, Ni

is the same, 3944, so Nc is 4096. The computation complexity of method two-stage is

Ct = 3 × 77 × (4096 + 3 × 4096 × 12) + 3944 + 4096 + 153 + 3 × 4096 × 12

= 35, 164, 161 (3.8)

From the above example, one can find the order of computation complexity is method S-P

> CTA > P-S > two-stage. As the frequency resolution increases, FFT methods will have

more computation complexity than our methods. In comparison with S-P and CTA method,

CTA does not only have the less computation complexity, but also has a shorter integration

time than S-P method. In this example, the integration time of CTA is 3944Ts, and that

of S-P is 16384Ts. It shows that the S-P method needs more time to collect the adequate

data to make the frequency resolution high. However, in this way the SNR will be increased.

Under lower SNR environments, the S-P method works more sensitively than CTA method

to detect the wanted signal at the cost of a long collected data time. In comparison with

P-S and two-stage method, two-stage method can have the less computation complexity.
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Chapter 4

SIMULATIONS AND DISCUSSIONS

In this chapter, we show our simulations with the received signal, and 3-dimensional fig-

ures and 2-dimensional figures of uncertainty region. We use the same parameters in section

3.3. According to the characteristics of the real received signal, we use Matlab to simulate

it. In the simulated received signal, the baseband frequency is set at fb = 17.248 kHz, the

Doppler frequency is fd = 3200 Hz, fc = fb + fd = 20.448 kHz, and the code phase is set as

1000Ts. As expected, the received signal looks like noise in Fig. 4.1.
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Fig. 4.1: Received signal in baseband from the satellite 12 with C/N0 = 40 dB-Hz

Three Figures 4.2, 4.3, and 4.4 are to show the simulation results of calculating the crosscor-

relation of each cell to find the position of the maximum value (conventional method) with

the 131.33 Hz frequency resolution and N = 2152. From Fig. 4.2, one may find a maximum

peak at (102,1000). (102-1)×131.33 + 7.248 kHz (the initial frequency) ≈ 20.51 kHz. The

value is very close to fc, so the signal is detected. For a clear view, a lateral view from the
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Y direction and X direction are shown in Fig. 4.3, and 4.4.

Fig. 4.2: Using the conventional method from the satellite 12 with C/N0 = 40 dB-Hz :
3-dimensional view

Fig. 4.3: Using the conventional method from the satellite 12 with C/N0 = 40 dB-Hz :
lateral view
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Fig. 4.4: Using the conventional method from the satellite 12 with C/N0 = 40 dB-Hz :
lateral view 2

Three Figures 4.5, 4.6, and 4.7 are the simulation results of using FFT to find the

Doppler frequency (S-P Method) with the 131.33 Hz frequency resolution, N = 16384, and

Rd = 2152. According to these figures, the code delay can be found at 1000 in Fig. 4.7, and

the frequency bin of the largest magnitude is located at 157 in Fig. 4.6. (157-1)×131.33 Hz

≈ 20.487 kHz. It is very close to fc.

Fig. 4.5: Using FFT to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : 3-dimensional view
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Fig. 4.6: Using FFT to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : lateral view

Fig. 4.7: Using FFT to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : lateral view 2

Three Figures 4.8, 4.9, and 4.10 are the simulation results of using FFT to estimate the

code delay (P-S Method) with the 131.33 Hz frequency resolution, N = 4096, Rw = 153. In

Fig. 4.10, it is obvious to find the code delay located at 1000. In Fig. 4.9, the frequency

bin of the largest magnitude is at 101. (102-1)× 131.33 Hz + 7.248 kHz ≈ 20.512 kHz. The

signal is also detected. One can find they are the same to Figures 4.2, 4.3, and 4.4. It is
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similar to what we have discussed in section 3.1.2.

Fig. 4.8: Using FFT to estimate the code delay from the satellite 12 with C/N0 = 40 dB-Hz
: 3-dimensional view

Fig. 4.9: Using FFT to estimate the code delay from the satellite 12 with C/N0 = 40 dB-Hz
: lateral view
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Fig. 4.10: Using FFT to estimate the code delay from the satellite 12 with C/N0 = 40 dB-Hz
: lateral view 2

Three Figures 4.11, 4.12, and 4.13 are the simulation results of using CTA to estimate

the Doppler frequency (CTA Method) with the 131.33 Hz frequency resolution, Rw = 153,

Nc = 4096, and Rd = 2152. One can find the frequency bin of the largest magnitude are

at 102. (102 − 1)×131.33 Hz + 7.248 kHz≈ 20.512 kHz. The code delay of the largest

magnitude is at 1000. Therefore, we can claim the signal is detected.

Fig. 4.11: Using CTA to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : 3-dimensional view
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Fig. 4.12: Using CTA to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : lateral view

Fig. 4.13: Using CTA to estimate the Doppler frequency from the satellite 12 with C/N0 = 40
dB-Hz : lateral view 2

Four Figures 4.14, 4.15, 4.16, and 4.17 are using two-stage search method with the 131.33

Hz frequency resolution, Rw = 153. At first stage, N=4096, and R′

w=77. At second stage,

Nc=4096 and Rd = 2152. The first three Figures 4.14, 4.15, and 4.16 are the simulation

results of first stage with coarse 77 frequency bins. In Fig. 4.16, the code delay is found at

1000. In the final Fig. 4.17, one can find there is a maximum peak at 102. (102-1)×131.33
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Hz + 7.248 kHz ≈ 20.512 kHz. Hence, two-stage successfully detects the signal.

Fig. 4.14: Using two-stage search from the satellite 12 with 77 coarse frequency bins C/N0 =
40 dB-Hz : 3-dimensional view

Fig. 4.15: Using Two-Stage search from the satellite 12 with 77 coarse frequency bins C/N0 =
40 dB-Hz : lateral view
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Fig. 4.16: Using Two-Stage search from the satellite 12 with 77 coarse frequency bins C/N0 =
40 dB-Hz : lateral view 2
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Fig. 4.17: Using CTA to estimate the Doppler frequency with the correct code delay from
the satellite 12 C/N0 = 40 dB-Hz
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Chapter 5

CONCLUSIONS

In this thesis, the CTA is employed to develop an effective frequency-acquisition algo-

rithm. Then, the two-stage method is presented such that the complexity for acquisition

realization can be reduced. Computer simulations demonstrate further that for GPS applica-

tions the proposed methods perform satisfactorily with lower computation complexity under

a wider range of the Doppler frequency. The proposed approach, naturally, is not limited to

GPS applications, it can be applied to the acquisition applications of any communications

via the direct sequence spread spectrum.
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