N

N

Fast Acquisition Unit for GPS/GALILEO Receivers in
Space Environment

Vincent Calmettes, Arnaud Dion, Emmanuel Boutillon, Emmanuel Liegon

» To cite this version:

Vincent Calmettes, Arnaud Dion, Emmanuel Boutillon, Emmanuel Liegon. Fast Acquisition Unit for
GPS/GALILEO Receivers in Space Environment. ION GNSS 2008, San Diego, Jan., 2008., Jan 2008,
San Diego, United States. pp.clé USB. hal-00450012

HAL Id: hal-00450012
https://hal.science/hal-00450012v1

Submitted on 24 Jan 2010

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00450012v1
https://hal.archives-ouvertes.fr

Fast Acquisition Unit for GPS/GALILEO
Receiversin Space Environment

Vincent CalmettesJniversité de Toulouse, ISAE ,TESA, France
Arnaud Dion,Université de Toulouse, ISAE ,TESA, France
Emmanuel BoutillonUBS/LESTER, France
Emmanuel LiegeoriThales Alenia Space, France

BIOGRAPHY

Vincent Calmettes received a Ph.D. degree in signal
processing from SUPAERO (ISAE), Toulouse, France.
He is an engineer researcher in the laboratorygoiass,
communications, antenna and navigation, at ISAE Hi
research interests include the development of isolsit
based on DSP and programmable logic devices or &SIC
for applications in Digital communications and Sign
processing. He is currently working on new Galibagnal
processing and GNSS receiver architectures. Hdss a
involved in several projects devoted to positionigd
attitude determination, including low cost MEMS sers
characterization and INS/GPS integration.

Arnaud Dion has worked as a development enginear in
small company where he conducted projects based on
FPGA. While working, he graduated from CNAM
(French engineering school) in 2005. In October420@
joined ISAE (French Engineering school on Aerorcauti
and Space) as a project manager. His projectsdaclu
electronic architecture design for a UAV (Unmanned
Aerial Vehicle), FPGA and ASIC development. Helsoa
involved in research activities in the frame oftal®

Emmanuel Boutillon received the Engineering Diploma
from  the Ecole Nationale = Supérieure  des
Télécommunications (ENST), Paris, France in 1990. |
1991, he worked as an assistant professor in tludeEc
Multinationale Supérieure des Télécommunications in
Africa (Dakar). In 1992, he joined ENST as a resear
engineer where he conducted research in the fiéld o
VLSI for digital communications. While working as a
engineer, he obtained his Ph.D in 1995 from ENSIT. |
1998, he spent a sabbatical year at the University
Toronto, Ontario, Canada. In 2000, he joined the
laboratory LESTER (Université de Bretagne Sud, éuat
France) as a professor. His current research Bitegre
on the interactions between algorithm and architecin
the field of wireless communications.

Emmanuel Liegeon is graduated from the “Ecole
Nationale Supérieure d’Electrotechnique, d’Elediae,
d’informatique, d’Hydraulique et des
Télécommunications”. He works at Thales Alenia@pa
as deputy manager of the ASIC/FPGA design group. He
is in charge of the development of multi milliontem
digital Integrated Circuits, targeted on Deep Sudvom
Technologies, for space applications. He is pdgity

involved in setting and improvement of design
methodologies to address these challenges.
ABSTRACT

In contrast with ground applications the GNSS

constellations are not optimized for space apfios.
Moreover, the different types of mission, i.e. L&arth
Orbit (LEO), Medium Earth Orbit (MEO),
Geosynchronous Earth Orbit (GEO), have all specific
requirements. Our motivation is to define an «Ukimus
GNSS receiver (UGNSS)», i.e. a single receivere &bl
cope with all types of mission. The analyze of the
different types of mission shows that the UGNSS®inesr
should deal with both GPS and GALILEO signals ai we
as other future GNSS systems. It should also be @bl
have fast synchronization and robust tracking with
extremely wide Doppler range (LEO mission) or béeab
to cope with very weak signals (GEO mission).

In order to fulfill those requirements, we definbet
specifications of a reconfigurable decoder thadved! to
allocate the hardware resources to the type ofgssing
required by the mission. In this paper we consitther
algorithm which aims to acquire GNSS signals. This
algorithm is based on two IP cores which perforr8 a
points FFT and a 2048 points FFT. These two cares
configured to achieve GNSS signal acquisition iry an
space mission, by taking into account the signaictire
(BPSK(1) or BOC(1,1)) and the signal features (C/No
ratio, Doppler span and Doppler rate).



[-INTRODUCTION

In contrast with ground applications, GNSS conatihs
are not optimized for space applications. Morepttee
different types of mission, i.e. Low Earth OrbitHD),
Medium Earth Orbit (MEO), Geosynchronous Earth Orbi
(GEO), have all specific requirements. Our motiwatin
this paper is to define an «Ubiquitous GNSS recaeive
(UGNSS)», i.e. a single receiver able to cope vaith
types of mission. In order to reduce the cost o th
UGNSS receiver and to give him some flexibilityeth
receiver should adapt its hardware computationuress

to the type of signal. This can be done using “searain
reconfigurable hardware”. This paper presents the
preliminary results in the route toward this UGNSS
receiver. It concerns the analyze of the requirdrirethe
different type of mission and the definition of a
synchronization algorithm.

In this study, only GNSS L1 signals are considerd.
system designed for acquiring GPS L1 C/A BPSK(1)
signal and the future Galileo E1 OS CBOC(6,1,1/11)
signal in any missions is described. This unit viié
suitable to LEO missions, taking into account High
dynamic of LEO spacecraft as well as GEO mission
considering the poor value of the C/No ratio. The
architecture of the receiver will be based on béoakich
enable to perform dynamic reconfiguration. Thus the
configuration will be adapted to the mission bgkiag
into account the frequency range and to the C/No,re

the GNSS constellation (GPS or Galileo) by consider
the signal structure. This unit will allow fast adsjtion of
the GPS and GALILEO satellites in order to incretse
duration of Satellites visibility passes and to itirthe
effects of high Doppler in LEO mission.

In order to reduce the complexity and the acqoisiti
delay, methods based on FFT, which exploit the code
periodicity, are computationally attractive and fpreed

to a bank of correlators. Two FFT are cascadecpioee
simultaneously the time and frequency domains 5],
The sizes of these two Fourier Transforms depend on
signals and missions: the frequency range is adajote
the mission whereas the time domain is adapteithéo
pseudo-period of the signal spreading sequence.ddne
the novelty of this paper is related to the coheren
correlation process which is performed by the usevo
Intellectual Property cores designed for 8 poimtd 2048
points FFT. This correlator will be configured daegang

on the mission and on the constellation.

Due to data modulation of the GPS signal, the aafter
integration time is fixed to 8 ms and the half data
method described in [10] is used for this constieia
Galileo will provide a Pilot channel which avoidse t
implement this technique. The configuration consern
mainly the use of the FFT cores. The number of FFT
transforms performed over the integration time will
depend on the Doppler rate, the C/No threshold thed

spreading sequence structure which characterize the
incoming signal.

The rest of the paper is divided in 6 sectionsstFive
propose a review of the constraints to be consititmea
GNSS space receiver design. This study focuses on
constraints related to LEO and GEO missions araivall
to compute Doppler ranges and C/No thresholds figr a
missions. Moreover the impact of new constellatisash
as the Galileo constellation is analyzed. In thédth
section the GNSS L1 signals are studied. The streaif
the BPSK(1) signal and CBOC(6, 1, 1/11) are contpare
Taking into account the properties of these sigriaés
acquisition methods are analyzed for each missicthé
section IV. Then an acquisition algorithm basedaon
processing presented in [6] is studied and adapteel to
take into account signals and mission specificitiésally
the complexity of this algorithm is evaluated ineth
section VI, in term of computational load, depegdon
the mission.

I1- GNSS SPACE RECEIVER SPECIFICITY

Space applications can be divided into 3 categotE®
which works mainly between 300 and 1000 kilometers
above the ground, GEO located at around 36000 and
kilometers and Medium Earth Orbit (MEO). In this
section, we first describe the LEO application &hnen,

the GEO application.. Highly elliptical orbit (HEQan

be omitted since it combines LEO and GEO aspects in
one mission.

I1-1 LEO requirement

Autonomous positioning system for satellite usingSs
constellation is a particular application of thevigation.
The LEO receivers have a better visibility of GNSS
constellation than terrestrial receiver becauseetle no
masking due to obstacles and no troposphere tcs.cros
Moreover, the perturbation of the ionosphere iso als
significantly reduced. The main constraints of LEO
applications is the very high speed of the satebibove
the earth: a rotation every 90 mn in average (prkih.s"

at an altitude of 300 km). This high velocity hagot
effects. First, both the span of the Doppler effect
(+42kHz) and the Doppler rate (+62 HZ)sre very large
compared to ground application [1]. Second, theetioh
pass of a GNSS satellite over a LEO satellite iy gbort,
around 20-50 minutes. Since the time duration & th
navigation message is 12.5 mn, the time of acdprsit
should be reasonably short, especially for a ctzld.s

Finally, as the number of visible satellites is remt
problem for LEO application, an acquisition threshof
42 dBHz ensures the reception of a sufficient nunufe



GNSS satellite to obtain a good quality of the Getia
Dilution of Precision (GDOP).

I1-2 GEO requirement

For GEO applications the Doppler span is + 8KHz #red
Doppler rate is +1 Hzs[1]. Thus the most significant
constraints are the sparse nature of GNSS sigsalseh
as their low received power. The geostationaryllgate
are above the GNSS constellations and the receiong
is dramatically reduced. In fact, only GNSS sakdliat
the opposite side of the earth broadcast a GNS#tlsig
the direction of the GEO satellite (see Figure 1).

Earth
shadow’s cone

-~ -l

0:42.6°for L1, 46.8°for L2

Fig.1-Geometry for reception
of GNSS signals by a GEO spacecr aft

The number of visible satellites, and then theitgbtb
compute a point solution, is directly linked to the
acquisition and tracking C/NO thresholds. So thst fitep

is to choose thresholds compatible with the expmkcte
performances of the receiver in term of precisidn o
positioning, complexity of implementation, etc. Eethe
Geometric Dilution of Precision (GDOP) illustratdse
precision performances. This parameter gives a g

of the possible performances and it is a purely
geometrical factor. The number of visible satedlitesed

to compute the GDOP depends on the acquisition C/NO
threshold T, and tracking C/NO threshold§,. In the
following, the tracking threshold is supposed to de
dBHz lower than the acquisition threshold. Thusation

of a visibility pass can be determined. Figure @vehthe
GDOP computed for Telecom2D, as a function of the
acquisition and tracking thresholds. The two
constellations GPS and Galileo are considered Hére.
key value for the acquisition threshold is 30 dBHer a
higher threshold, the GDOP can be very bad (>1869,

for a lower one, the gain is not really significant

The continuity of service, i.e. the time during walhiit is
possible to compute a position solution, is als&ey
factor for positioning satellites. The passes donat
should also be considered. If the time of the GNSS
satellite pass is too short, the navigation messagé be
completely demodulated. Assumiiig= 30 dBHz andr;

= 28 dBHz, for GEO applications, most of the paszes

between 40-60 minutes in duration, which is suéfitito
acquire the 12.5 minutes navigation message.
In that case, the continuity of service is 47.9%bra 48h
period for Telecom2D, which is above 99.7 %.

50| — GPS + Galileo
— GPS Only
40

G 30 . /
o :
o 20

10

0 i o
16 20 24 28 32 36
Acquisition threshold (C/No (dBHz))

Fig.2-GDOP defined for telecom2D,
GDOP provided 95% of thetime

I1-3 Requirement summary

For the 2 scenarii, LEO and GEO, most of the paases
only 20-60 minutes long, which requires a fast
acquisition strategy especially for cold start,cirder to
maximize the time of the tracking phase.

The table 1 summarizes the requirement of the U&NS
for GEO, LEO mission.. Those parameters will be
considered over this study to design the acquisitiait.

Mission | Doppler | Doppler Ta Time of
type range rate (dBHz) | acquisition
GEO | 16KHz | #1Hz3$ 30 <lmn
LEO | 84KHz | +62 HzS| 42 < 0.2sec

Tab.1-Acquisition unit specifications

[11- GNSS-L1SIGNALS

The receiver is designed in order to process th8-GP
C/A signal as well as the Galileo-L1 OS signal. iBot
GLS-L1 and GALILEO-L1 signals are described in this
section. These signals are sampled at the frequensy
1/Ts. The GPS-L1 signal is a BPSK(1) signal whereas the
Galileo-L1 signal is a CBOC(6, 1, 1/113ignal. In this
paper this signal is processed as a BOC(1,1) signal

The complex signal is considered as the input & th
acquisition unit. For both signals the expressisrthe
following :

s, =JCD(n-7,)s,(n-7,)e!* +n, (1)
T, is the time delay due to the propagation of tgeali
C is the power of the signal

D is the data signal

S is the spreading signal

@, is the carrier phasis

n,is an additive Gaussian white noise



[11-1GPSL1signal

When the GPS L1 signal is considered the dataofatee
data signalD is 50 bps. Each data value multiplies 20
periods of the spreading sequence. This spreading
sequences. , as defined in (1), is a pseudo-random code
of period 1023 chips, based on a Gold cGde

8.(n)=Cs(n)

The chip ratef, =1/T. is equal to 1.023MHz and the
pseudo period of the spreading signal is 1ms.

(@)

[11-2 Galileo L1 signal

The Galileo-L1 signal has been designed in ordexffer

a high degree of spectral separation from GPS-gthadi

A Binary Offset Carrier (BOC) modulation is perfaeth
Thus, each chip of the code sequence is over miedula
by a pattern {+1, -1}. The expression of the spiegd
signalS, is the following :

S,(n) = ¢(n)sigr(sin(27£_n)) = C(n)sg(n) 3)

The modulating sequence is represented by a pseudo-

randomC(n) code mixed with a square sub-carrgey.

The modulation is a BOC(1,1) modulation. Thus thipc
ratef, (=1/T.) is equal to 1.023 chips per second and the
sub-carrier frequendy. (=1/T) is equal to 1.023MHz.

The code length is 4092 and the pseudo periodualeq
4ms. The data rate is 250 bps; thus each data value
multiplies a single pseudo period of the spreading
sequence. Moreover a pilot channel is provided.

[11-3 Comparison between GPS-GALILEO L1 signals.

The power spectral density (PSD) is representedr€ig
for a BPSK(1) signal and a BOC(1,1) signal. Thigure
shows the spectral separation from GPS signal.

X102 Power Spectral Density

— BPSK(1)
— BOC(1,1)

W/Hz
O P N W

3 2 -3 0 1 2 3
Frequency(C/A code rate)

Fig.3-PSD for BOC(1,1) and BPSK (1) signals

The signal’s processing performance in the recestage
is strongly linked to the Auto Correlation FunctihCF)
shape. For the BOC(1,1) modulation, the ACF fumctio
presents one positive peak and two negative pé&dks.
function is represented Figure 4 for a BPSK(1) aigmd

a BOC(1,1) signal.

Those ACF functions impact the acquisition andKirag
process of the signal.

Autocorrelation Function

08 | U BPSK(1) ACF
T "} — BOC(1,1) ACF
o4 S
A
0
\/ \\/
-0.4 N 4
-15 -1-05 0 05 1 15

Signal Received/Local Code Delay

Fig.4- ACF for BOC(1,1) and BPSK(1) signals

[11-4 Signals sampling

The sampling frequency is determined from the digna
bandwidth (see Figure 3). It is chosen as equahé¢o
Spectrum bandwidth.

Fs =1/Ts ~ 2.048MH#or GPS-L1 signal
Fs =1/Ts ~ 4.096MH#or Galileo-L1 signal

V- ACQUISITION PRINCIPLE

The expression of the signal at the receiver inigujiven
in (1):

Sy = \/ED(n - Z-n)se(n - Z-n)exdj ¢n} +n,

Where S is the spreading signal defined in (2) or (3),
depending on the signal structure.

Assuming the signal is propagated through a non
dispersive medium and considering the satelliteikes
radial velocity as constant, the phase of the signa
deduced from the Doppler frequerfgy

¢n _¢n—1:2ndes:>¢n :¢0+2ﬂdnTs (4)
And the signal expression is:
Sh :\/ED(n_Tn)Se(n_Tn)eXp{j(¢O +2n(dnTs)}+nn ()

The purpose of the acquisition is to find a godihestion
{fd,f} of the unknown value of the pa{rfd,r}. An

hypothesis test is defined. The statistic tesegaed by
the sampless, is defined Figure 5. The outpu is
compared to a threshold. The statistic test expldie
ACF properties. The correlator output is computetino
stages: a coherent integration followed by a ndmecent
integration. The number of samples used for thé i
equal N;N,Ns.  N; is the number of samples over one
period of the spreading signaN, is the number of
spreading sequence over the coherent integratios M

is the number of non coherent integrations.



The architecture of the correlator is represenigdrE 5.

kN1N 2] |N3 ZI
Q—@- 20 o=
1 n=(k-1)N1No+1 =1
G(n-7,) exptjd,)
! - #,
Code NCO —— Time/Frequency
Generator T Search

Fig.5-Structure of the Acquisition stage

N; T, which represents the pseudo period, is equati® 1
for a Gold GPS-C/A code, 4ms for the L1-OS-Galileo
code).

The representation of the outpdf depends on the
properties of the autocorrelation function (ACF) tbe
spreading sequence. For GPS signal the ACF hagkesi
peak over a pseudo period and this characteristic i
exploited to find the estimate of the defmy When the
Galileo BOC signal is considered, this acquisitiwacess

is made more complex. The BOC ACF has multiple peak
and the risk of wrong peak selection should be icensd
(see Figure 4). In order to resolve this ambigpityblem,
the BOC signal is acquired along three steps [8F (s
Figure 6).

Energy Search
stage \_
= < TC 0
T L 0 1
Transition to \
tracking
= 7< TSC 14 0,1 0 1
1! ! \
Tracking stage BOC(1,1)
Lockingonthe [~ o
central ACF peak
1 0 1

Fig.6-Acquisition strategy

First a coarse acquisition is performed by searhire
code delay which provides an expected level of ggner
This step needs non ambiguous techniques. Thestaxt
uses a tracking loop based on a non ambiguous
discriminator and provides an unbiased delay esitma
Finally the receiver is turned in a nominal BOCckiag
mode. The discriminator used in this mode allows
accuracy improvement and multipath rejection
enhancement.

Several non ambiguous technigques have been dedelope
to be used along the two first steps. Among theentlae
“BPSK-like” correlation [2], the Sub-Carrier Phase
Cancellation technique (SCPC) [3], the Bump-Jumping
technique [4] and techniques based on the TeageseKa
Operator [9].

Here the SCPC technique, which processes the stibrca
as it is done for the carrier in a typical recejusrused to
acquire the Galileo BOC(1,1) signal. The architeztaf

the acquisition stage based on the SCPC technigue i
represented Figure 7. This technique needs two
correlation channels [3]. The | channel uses thieagfing
code mixed with the in-phase sub-carrier as a eefs.
The Q channel uses the spreading code mixed wih th
quadra-phase sub-carrier as a reference. The sugfut
this two correlation channels are non-coherently
combined.

The correlator used in the SCPC technique is repted
here.

kN1N2( )
n=(k-1)N{No+1 Non
Coherent |~
kNiN2 Integration

>0

n=(k-1)N{No+1

St(n-7,) | exp-jg,)
| I ¢n
Code NCO [—— Time/Frequency
Generator I Search

Fig.7-Unambiguous SCPC technique

On this figure, the local references have the Vaithg
expression:

Se (n) = c{n)sigr{sin(27sn)) = C(n)scs(n)
s8(n) = ~Cln)sigr{cod27tcn)) = C(n)s.(n)
The ACF is represented on the Figure 8. This
autocorrelation has an oscillating shape which gatssa

maximum when the local sequences are time-aligritd w
the received signal.

(6)

L Non ambiguous squared ACF

\

%, I Channel
%\ - - Q Channel
‘\— Squared ACF

0.5

-0.5

-1
-1 -0.4 0 0.4 1
Signal Received/Local sequences Delay

Fig.8-Non ambiguous ACF

Thus, GPS C/A BPSK(1) signal and Galileo OS
BOC(1,1) signal are acquired by searching the etérof

the pair{fd,f}. This estimate is selected if the output



Z,(fd,f), provided by a correlatorjs higher than the

threshold assigned for the statistic test. Theitecture of
this correlator depends on the signal structure. &o
BPSK(1) signal it is based on a single correlatbannel
(see Figure5) whereas the SCPC technique used for
BOC(1,1) acquisition needs two correlation channels
This correlator performs a coherent integratiotofeing

by a non-coherent processing. In this applicatibe t
coherent integration time is 8 ms (iW,=8 for GPS,
N,=2 for Galileo). It is adapted to the data rate & GPS

L1 signal. To avoid data bit transition over thensoation
interval the half data bit method [10] is applied.

V- ACQUISITION ALGORITHM

In a conventional receiver the search of the optimu
value of the estima{efd,f} is performed in time domain.

kN1N2
Z.(f,7) Non |7
% Z () - Coherent [
n=(k-1)N{Np+1 Integration

Se(n—r) exp(j2m fy nTy)

Fig.9-Correator in time domain

The function test is described Figure 9. The seasch
performed through the spat{éd,r}. This processing is
time consuming. The complexity depends on the gfze
the array{fy,7} and on the number of non-coherent
integrations.

First, the size of the arra;{fd,r} is related to the
mission. The size of the frequency range is 84Kz i
LEO mission, whereas it is 16KHz for a GEO mission.
Then this size depends on the signal structure.GR8
C/A code is a code of length 1023 chips whereas the
Galileo OS code is a code of length 4092.

T
fu 4 T,max
fmax | /
T
o 4
mlno o Tmax

At
Fig.10-Search Array

In order to determine the number of non-coherent
integrations, the C/No ratio and the structurehef signal
should be considered. Here we consider a C/No wtio
30dBHz for a GEO Mission, of 42dBHz for a LEO
mission (see Table 1). The Figures 11 and 12 diee t
value of the integration time as a function of &No

ratio, respectively for a BPSK(1) signal and a BOCK)
signal. In case of BOC signal, the SCPC technigue
considered. The coherent integration timg,{= NiN>T)

is equal to 8ms and the False Alarm probability is
assigned tol0°. The search is performed with a step
Ar=1/2f, and A4f=1/2/T.,, . A non-coherent square-law
detector is used. The results are obtained for ss mi
probability of 0.1 and 0.001. A miss probability ®fL is
considered over the following study.

For a C/No ratio higher than 38dB, the number afi-no
coherent integrationd; is equal to 1. This value ®f; is
chosen in case of LEO mission. For GEO mission, by
considering a low Doppler rate, the coherent catoes
are differentially combined [7] and a gain of 2dB i
achieved. The value of the numib&ris therefore selected
for a C/No ratio of 32dBHz. Then the number of non
coherent integrations is equal to 6 when a BPSKigal

is considered. It is equal to 7 when a BOC(1,1halds
processed using the SCPC technique. The highast @l
Nz (N;=7) is considered here for any signals.

BPSK(1) Integration time

| —— PFA=0.001 PND=0.1
1 ||~ PFA=1e-005 PND =0.001

0.16
Y

0.2

2 012 !
o o
£
= 0.08
N
0.04 111
- L".
1 1
O30 32 34 36 38 40 42 44

C/NO (dBHz)
Fig.11-BPSK (1) signal
Integration Timeasa function of theratio C/No

BOC(1,1) Integration time
— PFA=0.001 PND=0.1
—— PFA =1e-005 PND =0.001
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»
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Y
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Fig.12-BOC(1,1) signal
Integration Timeasa function of theratio C/No

—

40 42
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In order to determine the acquisition time of ontelite,
in case of a serial search, the Tables 2, 3, %bagide the



number of coherent integratiohl and the corresponding
computing timeTeomp for any missions and signals.
These values are computed by considering a sedatss,
performed through the whole arr{siyd,r}. For GPS

signal the half data bit method is used &nNJ coherent
integrations are processed. The time and frequeteps
are fixed to the following values: Ar=1/2f;,

Af =1/ 2T The expression dily and Teomp are given
here:

N; = IB(fmax - fmin)/Af * 2Nchips* N3
Teomp = Nit * Teon for Galileo Tegm, = Ny * 10mSfor GPS

Where Niipsis the code length expressed in chips and
Teon is the coherent integration time (8ms).

GEO Mission, GPS/L1[3=2 (half data bit method)

Tmax fmax 'fmin N3 Nit

1ms 16KHz 7 7332864
Tab. 2-GEO/GPS-L1

Tcomp

1223 mn

GEO Mission, Galileo/L1 =1 (Pilot channel)
Tmax fma>< 'fmin N3 Nit
4ms 16KHz 7 14665728

Tab. 3- GEO/Galileo-L1

Tcomp
1956 mn

LEO Mission, GPS/L1 =2 (half data bit method)
Tmax 1:max 'fmin N3 Nit
1ms 84KHz 1 5499644

Tab 4- LEO/GPS-L1

Tcomp
916 mn

LEO Mission, Galileo/L1,3=1 (Pilot channel)
Tmax fmax 'fmin N3 Nit
4ms 84KHz 1 10999296

Tab 5- LEO/Galileo-L 1

Tcomp

1466 mn

In order to reduce the delay of the acquisitioncpssing
a bank of correlators could be used. Techniqueschas
a bank of correlators allow to explore the wholeagar
{fd,r} over the interval of integratiomN§Tp). But such

an architecture is highly complex. In practice fast

acquisition approaches are based on the Fast Fourie
Transform (FFT). These methods lead to reduce the

number of arithmetic operations [6]. Thus many glesi
use a one-dimensional FFT to sweep one dimensitmeof
array{fd,r} : the time domain or the frequency domain is
explored. In this paper we consider an approachdas

a technique presented in [6] which allows to esténteth
the delay and the Doppler frequency of the inpghai.
This technique is described here. It is adapteardter to
process both BPSK(1) and BOC(1,1) signals.

The expression of the input is given in (5).
s, =VCD(n-7,)S(n -7 Jexelj (¢ + 2T} + 1y

The expression of the coherent correlator outpsitrieed
Figure 9 is:
N1N2 -1
ZC(T’ fg ) = Z Sn eXF{_ j2rty nTs}rn,r (7
n=0

In this expression, the signal represents the local
reference. For a BPSK(1) signaljs the pseudo-random
sequence. In case of BOC(1,1) signal, r is define@)

for the In-Phase channel and for the Quadra-Phase

channel.

The correlator output Zshould be computed for each
value of the array described Figure 10. By congigen,
the position of the sample in a block of sizesNch as
N;Ts=1lmsor 4ms depending on the signal, andtime
index of a block, we obtainn=n;+n, N;. The signal is
reshaped in an array of si2¢y x N, (see Figure 15).
Taking into account the spreading sequence peitgdic
the outputz, is:

N, -1 N,-1
ZC(T, fd): Zornl,r ZOS“N”le eXF{_ j27fd (n1+n2N1)Ts}

n2:

8

In [6], the frequency domain is explored in twogss.
The first one is a coarse search which allows teepithe
frequency domain with a step which is the inverséhe
pseudo period of the spreading sequence. The sexund
is a fine search equal taif which is the inverse of the
coherent integration time.

fmax
F
@‘- k1(i\/| -1) Wsl
£ af=—Fs

Ny

g F
«— k== + K Af
AR

ky =[kyg, Kygyeoo- 1k1(M —1)]

— fmax - fmin

M =
1:min D‘_k 5 NzAf
10 N1
Fig 13- Strategy for the Frequency Domain
exploration

The frequency resolutiorl(T,,,) is not adapted to GEO
mission, due to the low value of the C/No ratio.eTh
interlacing of two correlations, as described Fegu#,
allows to obtain the required resolutididZTe.p).

%4\ Z
@,

exp(-jTAf nTy)

Coherent C

Correlator

Fig 14- Interlacing of two correlations



Using this technique, the frequency domain is ergulo
with the steps given in the table 6 for any missiamd
signals.

BPSK(1) BOC(1,1)
Coarse Step 1KHz 250Hz
Fine Step 62.5Hz 62.5Hz

Tab 6- Frequency steps

Thus, considering one correlator, the frequenep &:
Af =Fg/ Ny /N, 9)

And the frequency can be expressed from 2 idexd
ko [6] as shown Figure 13.

F F F
fo = (aNp +ho) 2 =k +he 2

1'v2 Nl 1'%2

(10)

Fork,=[ k10, ki1, .... Km1] @ coarse search is performed
over the frequency domain, with a step size wheckthe
inverse of the code pseudo peridel { N;). For k=[O0,
1,.....,N] the fine search is performed over the block
indexed byk;. The width of a block is 1KHz for the GPS-
L1 signal, 250 Hz for the Galileo-L1 signal.

Using this representation of the frequency the atator
output is given in [6]:

N, -1
Z, (ko k)= exp{— jZn%
n, =0

172

}Tl(kl. L)
(11)
where

! o nk,
Z,(ky, k, m) = Z Shpenon, EXPY T JZﬂNi
n, =0

2

The fine frequency search is performed Kgt[0,.. N,-1]
by computing the outpu; thanks to the well-known FFT
algorithm. The samples of the input are organized P-
dimensional array andld, points FFT is applied to tHe;
rows of this array (see Figure 15).

Coarse Frequency exploration — k1 variation
In epoch frequency compensation

g
TN

> | Buffer N, FFT 44 2 | Time Exploration
N, X NlT of rows Basedon FFT

n,=0 n,=1 n,=N,-1 k,=0 k,=1 k,=N,-1
n,=0 n,=0

nl_N1'1M | n;=N;-1

Finestep.Af =F /N,N,
_ Coarsestep: N,Af =F /N,
Fig.15- Coherent Correlator Architecture

Then, an element-wise multiplication is applied the
elements of the arrag;, in order to achieve in-epoch
compensation and coarse frequency exploration. s
output Z2 is :

Z,=2,€ex —j277nlik2 ex| —j2ﬂnl—k1
N1N2 Nl

I I

In epoch Coarse frequency
compensation exploration

Coarse frequency exploration will allow to sweeg th
whole frequency domain by modifying the value oé th
index k;.

From the arrayZ,, search over the time domain is
obtained using a FFT. This transform is noted Fd
the expression of the outpzi is:

Z.{r} = FH{ArIF{Z}

The coherent outpu. is obtained over several stages:
- aNj points FFT to each column of the ar@gy
- NN, wise element multiplications by the local
reference represented in frequency domain
- aNj; points inverse FFT to each column of the
arrayZ,

The coherent correlation is obtained over an aofasize
TmaXNof (see Figure 10 and Figure 13). In order to
explore the frequency domain over the ra(fgg<f<f ma)
this processing should be performed for, kn
[klo,kll, ..... Ka(m _1)] (see Figure 13).

The Table 7 gives the width of the frequency domain
explored for a single value of the index, kand the
number of iterations M for each signals and mission
(BPSK(1) and BOC(1,1)).

GEO Mission
Signal Thnax NLAf M
BPSK(1) ims 1KHz 16
BOC(1,1) 4ms 250Hz 64
LEO Mission
Signal Thax NoAf M
BPSK(1) ims 1KHz 84
BOC(1,1) 4ms 250Hz 336

Tab 7- Time/Frequency Domain exploration

It is shown in [6] that the coarse frequency exation

can be achieved by shifting the spreading sequence
replica in the frequency domain. The final architee is
described Figure 16. The coherent correlator sethan

3 FFT blocks: on&l, points FFT, twd\; points FFT.

The FFT sizeN; such asN;Ts represents the pseudo
period of the spreading sequence and the FFT I8jze



such asN;N,Ts represents the duration of the coherent -3 In epoch frequency compensation
integration are given Table 8 for the GPS-L1 sigmadl . 2N;N, point-wise multiplications
the Galileo-L1 signal.

-4 N; points FFT of columns

0-62.5Hz In epoch Spreading sequence . 2uUN, FFToo4s
Frequency Frequency Replica R; . o
Shift Compensation Reolica Shift -5 Replica mult|pI|cat|on. . S
N . 2aMN N, point-wise multiplications
£ | IN, points é N, points | + [N, points |T,
Su;fﬁr FFT FFT [ FFT2 -6 N, points FFT* of columns
271 [ of rows of columns| of columns . 20pUMN, FFToous
Fig.16-Search in time/frequency domain The coefficienty depends on the number of 2048 points

FFT used to compute;Nboints FFT. It is equal to 1 for a
GPS satellite, to 64 for a Galileo satellite.

Signal N N> The coefficiento depends on the structure of the signal.
BPSK(1) 2048 8 It is equal to 1 for a GPS satellite, to 2 for aliléa
BOC(1,1) 16384 2 satellite. In this case the In-Phase and the Quglunse

Tab 8- Sizesof the FFT replica should be considered.

M as given Table 7 for LEO mission.

VI- ACQUISITION UNIT ARCHITECTURE
VI1-2 Signal Acquisition in GEO Mission

This unit is based on the coherent correlator dlesdr

Figure 16. It should be configured for LEO missiamd For GEO mission the acquisition is achieved as ddne
GEO mission, for GPS-L1 and Galileo-L1 signal. Two  for LEO mission. The lower Doppler range leads to a
IPs are used in this design: a 8 points FFT an®48 2 reduction of the complexity. But, due to higheruesd of
points FFT. Thus the 16384 points FFT is perforrinech the integration time the same processing should be
64 EFT of size 2048. performedN; times for Galileo2 Ns times for GPS (for
GPS the half data bit method is used).
VI-1 Signal Acquisition in LEO Mission Nevertheless, thanks to the very low dynamic of GEO
satellites, discontinuous blocks can be proces$ads
For LEO mission, the acquisition is performed frome higher value of the acquisition time results ireduction
set of samples which represents the input signar av of the computational load in term of operations per
duration of 8ms. When the GPS signal is considetbe, second.

Half Data Bit technique described in [10] is usddhe

acquisition stage should process two sets of samjplee

interval between this two steps i§; such as VII- CONCLUSION
T, =(2k +110mS. The maximum value of the index k is

determined from the Doppler rate (+62 Hz)sThe index
k will be lower than 25 in order to limit the Dojepl
Frequency variation between two acquisition stagbss
the acquisition time is equal to 518 ms (51*10mssBm
The same value can be taken for Galileo.

This study presents a technique to acquire GNSS-L1
signals, in a receiver designed for space environnite
GPS-L1 C/A signal and the Galileo-L1 OS signal, the
LEO mission and the GEO mission are considered.

By taking into account the specificities of the &sons,

the features of the receiver are deduced. On tier @nd,
algorithms are proposed in order to process GPS and
Galileo signals. The architecture of a receiveggolaon 2
FFT cores, is described. This architecture can be
configured for the two missions and the two signa@lis
architecture is analyzed in term of complexity and
performance (acquisition time). The requirementtioa
acquisition time impacts the computational load. [E6O
mission, due to the high dynamic of the satellitas
acquisition time should be lower than 1 sec. On the
contrary GEO application are characterized by low

The computing load is determined for the acquisitié a
GPS satellite or a Galileo satellite. Over the riveie of
510ms during which the Doppler drift remains lovlesin
32 Hz, the following operations (see Figure 16)l Wi
performed:

-1 0-62.5Hz Frequency shift
. N1N, point-wise multiplications

-2 N points FFT of rows
hd 2N1 FFTNZ



dynamic and the acquisition time can be higher.
Increasing the acquisition times results in a lower
complexity, and consequently in a lower power
consumption.
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