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Abstract — New GNSS signals broadcast at different
carrier frequencies include, most of them, a pilot and
data channels. In this article we propose to fuse the in-
formation of code and phase delay provided by the two
channels in order to improve the position accuracy and
to extract the message of navigation. The proposed sys-
tem is composed of a change point estimate of the slope
of discriminator variations and of a circular recursive
filter for the estimation and fusion of the carrier phase
delay. The contribution of this work is the definition of
a recursive change point estimate that fuse the discrim-
inator values and integrate prior information for the
detection. The proposed architecture that uses a circu-
lar filter enables to fuse the phase delays and to extract
the message of navigation. The method is assessed on
synthetic data in the experimentation.

Keywords: Tracking, GNSS signals, change point es-
timation, circular estimation.

1 Introduction

A GPS receiver can provide a position every mil-
lisecond at frequencies fr; and frs or every 20 ms
at frequency fro [12, 6]. Nowaday the GNSS systems
broadcast at these different frequencies a mix of pilots
(data less channels) and data channels. For example
a L2C signal is broadcasted at frequency fro with a
time multiplexing of pilot and data channels. For L5
pilot and data channels are transmitted with a modula-
tion QPSK (Quadrature Phase Shift Keying). A GNSS
receiver must track the parameters of phase and fre-
quency of the carrier and the CDMA (Code Division
Multiple Access) code delay. This processing is respec-
tively done by a PLL (Phase-locked loop) and a DLL
(Delay-locked loop) systems. In this paper we propose
a tracking system that fuses the information of phase
and code delay provided by pilot and data channels.
The goal of our work is to improve the accuracy of the
positioning calculated every millisecond.

In the static case the GPS receiver is at a fix posi-
tion and its localigsation processed by the receiver is

averaged in time. In this case better positioning is ob-
tained for a longer integration time. In the dynamic
case, integration times are smaller in order to take into
account the receiver trajectory. So we will have in the
navigation case an accuracy that will depend on the re-
ceiver speed. In this case there is a trade off between
the precision we can obtain and the speed of the re-
ceiver. To improve the navigation accuracy the GPS
receiver is coupled with dead reckoning sensors. These
sensors provide information used to integrate GPS sig-
nal, most of the time in an extended Kalman filter.
Unfortunately these sensors are in general inaccurate
and drift with time, so they can not be used for a long
time integration. They are principally used for their
robustness because they can provide a position when
the GPS receiver fails [5].

In our approach the phase and code delay estimate
every millisecond have a low SNR (Signal to Noise Ra-
tio). Then we realise the coherent integration of the
signal on several hundreds of milliseconds in order to
obtain more precise estimate. The process that pro-
vides an estimate at each millisecond is in this case off
line. Most of the published works about GPS signal
integration concern the problem of localisation for low
signal to noise ratios. An application in this case is
for example the navigation in cover environments like
indoor localisation. The long coherent integration is
then realized on several dozen of milliseconds for which
the message of navigation is known and the GPS sig-
nal supposed to be stationary. In these works an ex-
tended Kalman filter is used for the on line carrier and
code tracking [1]. We also found in the published works
Bayesian methods using Markov Chain Monte Carlo
(MCMC) techniques. The goal of these methods is to
estimate time and frequency offset of the GPS signal
in the case of interference and jamming protection [14].
In the work of Boutoille and al [10] the code tracking
is off line and it fused the data obtained on two dif-
ferent carriers. In this approach the limitations of the
method comes from the difficulty to synchronize the



data delayed by the ionospheric effect.

The GPS signal discriminator is a measurement that
allows to compute the time delay between the CDMA
code of the received signal and the local CDMA code
generated by the receiver. We deduce from the discrim-
inator value the pseudo range satellite receiver. The
new GPS civil signals L2C and L5 have a data less pi-
lot channel (The CL code at frs frequency). We show
that in this case we can suppose the discriminator signal
piecewise linear. In this context the long integration of
the GPS signal consists to segment the signal and then
to estimate the parameters of the dynamic model in
stationary pieces. The dynamic model assumes a con-
stant acceleration in each segment. Furthermore we
propose to fuse the information provided by the data
channel in order to improve the SNR. This fusion can
be done if we can estimate the message of navigation
in the tracking process. We propose to use in this work
a state estimate coupled to a change point estimate in
order to estimate the code delay. We also propose to
use a circular state filter [11] to estimate the phase of
the signal and the message of navigation.

The first contribution of this work is the proposi-
tion of a new architecture for the tracking of the phase
and code delays of a GPS signal. The interest of this
new architecture is to fuse the parameters of the signal
obtained on the pilot and data channels. The second
contribution described in this article is the proposition
of a change point estimate of the slope of the discrim-
inator that integrates prior information and fuses the
measurements obtained for the pilot and data chan-
nels. The article is organised as follow; the first section
is dedicated to the description of the GPS model and
the problem positioning. The second section describes
the code delay estimate and the third section presents
the phase tracking process. The experimentation is de-
scribed in the fourth section. Finally a conclusion ends
the paper.

2 Problem positioning
2.1 GPS Model

The GPS signal, coming from the satellite s, consists
of a code CDMA Cy(...) modulated at frequency f.
The signal is binary phase shift keying (BPSK) modu-
lated (the L5 signal is Quadra Phase Shift Keying mod-
ulated). The code and carrier are assumed to be both
time and frequency shifted. A GPS receiver realizes
the signal acquisition in a first stage. It estimates the
carrier frequency fs, the code delay 75 and the phase
delay 455 of the received signal. At the end of this first
stage the receiver tracks variations of these parameters
as a function of time in a tracking module. The fre-
quency and phase indeed changes with the Doppler Ef-
fect (the relative speed satellite receiver), and the code
delay with the satellite receiver pseudo range evolution.
In order to compute the navigation solution the receiver
multiplies the received signal with in phase and quad

phase replica of the GPS signal:

I(t) = n(t)AsCs(t —75)Cs(t — 7T5)
cos(2m(fo — fo)t + ba — ba) +ni (£)(1)
Q:(t) = nt)ACs(t — 7)Cs(t — 75)

(
sin(27(fs — fs)t + ¢s — bs) + 0 ()(2)

In these expressions Ay is the signal amplitude; it is
normalized to drive the noise variance of 1! (tx),n% (tx)
to 1. It is a function of the SNR. The noise is sup-
posed to be white, Gaussian, and centred. In this work
we consider two measurements of I(...) and two mea-
surements of @(...) obtained for the pilot channel with
n(t) = 1 and for the data channel with n(t) € {—1,1}.
For L2C these four measurements are obtained for the
codes CL and C'M for the time multiplexing pilot and
data channels. For L5 these four measurements are ob-
tained from two carriers of the signal in quadratures.
We then define 7e = 74 — 75, fe = fs— fs, Pe = ¢ —és
the respective code delay, phase and frequency errors.
The acquisition module provides initial values of the
GPS signal parameters, so these errors are supposed
to be close to zero at the beginning of the tracking
stage. The goal of the tracking module is to maintain
these errors as small as possible. Parameters are es-
timated every millisecond, the period T'c¢ of the code
CDMA. The GPS signal is down converted (in order to
be sampled) at an intermediate frequency by means of
a down-converter driven by a local clock oscillator. In
this context the clock noise disturbances are modelled
as normal random walks [7]. Then we have at the k"
millisecond :

fex
pep =

fer—1 +ar—1 Tep—1 + wfp
pex—1 + 21 fer Ty + woy

3)
(4)

In these expressions w fr and wey are respectively the
noise clock disturbances on the phase and frequency.
ak—1 models the speed variation of the frequency linked
to the movements of the receiver. We suppose here that
the accelerations linked to the clock noise are neglected.
Ty, the code length defined at the receiver depends on
the carrier frequency, so we have :

Tep=Tc AL
fs+fek

Finally the error expression of the code delay, which is
a function of the relative speed satellite receiver at the
k" millisecond, is given by:

(5)

fr_(fs+fek)

5 ©)

Te = Tep—1 + Tcy,

In this expression fe, = Z?=1 aj—1 Tcj_y is the error
on the frequency associated to the movement of the re-
ceiver and f, is the intermediate frequency of the emit-
ted satellite signal. Parameters of the received signal



are estimated with the values of I(¢) and Q(t) inte-
grated on one or several periods T'c of the signal. We
define for each satellite s :

(D) = n(t)\/2 S/No Te R(rer, — A)

sine(fer + 25 L% ) cos(ger) +nf (7)
Qi(A) = n(t)\/2 5/No Te R(rei — A)

sinc(fey, + —& Tck)sin(gi)ek) +07  (8)

In these expressions R(..) is the normalized function of
correlation of the C/A CDMA code. sinc(...) is a func-
tion that models the error on the estimate of the carrier
frequency. In general the errors values of ¢er and fey
are estimate in a filter with I;(0) and Qx(0). The val-
ues of Tep are estimated in a filter from the in phase
and quad phase observations ley, = I(—=Tb/2), Il =
Ii(Th/2) and Qer = Qir(=Tb/2), QL = Qr(Tb/2) [1].
Tb is the length of one bit of the CDMA code. Finally
the value of the RSB is obtained when Ij(0) is maxi-
mum, so for fer =0, 7ex = 0 and ¢eg, = 0.

2.2 Problem Positioning

The coherent discriminator ”early-minus-late” is de-
fined by the following expression for which we fix to Tb
the code delay between the early and late code gener-
ated by the receiver:

Zi = Iey, — Il = nir/2 S/No Te sinc(fey, + = QTC’“)
cos(¢er) (R(rer —Tb/2) — R(rer +Tb/2)) +nf  (9)

In this expression 77 is a white Gaussian noise of vari-
ance 2. The expression of the code function of correla-
tion is given by:

o= (1-|)

Every millisecond, the discriminator value is pro-
cessed and the local code is delayed or advanced in or-
der to minimize the delay with the received code. The
goal of this process of retiming is to obtain discrimi-
nator values close to zero. When the satellite moves
away from the receiver, we show that the theoretical
variation of the discriminator early-minus-late strictly

increases for |re;| < L. The variation strictly de-
Tb

2
31b > |T€i| > 5
for |re;| > 3L2. We display figure 1 the discriminator
variations obtained when the code is not retiming in
grey and in dark grey the piecewise linear variation of
the discriminator when the code is retiming. We show
that for |7e;| < T'/2 the discriminator variation is pro-

portional to the code delay Te; and is defined by:

T
2 ng/2 S/No Te sinc(fey + Lk 5 Ck)

e
cos(¢pey) 2“_(];

(10)

creases for and stays equal to zero

Zy =

+nf

(11)
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Figure 1: Variation of the retiming discriminator

We suppose here that the receiver trajectory do not
modify the strict increasing (the satellite moves away)
or decreasing (the satellite comes closer) of the discrim-
inator. We deduce from 11 the expression of the dis-
criminator for |7e;| < %.

In the classical approach the code tracking is realized
with a matched filter [2]. In this case the local code is
retiming every millisecond with a fix delay. The code is
advanced or delayed as a function of the discriminator
sign. In our approach, the code is retiming when the
discriminator is maximum. At this instant the code is
delayed of Th/2 and the pseudo range satellite receiver
increases of C' Tbh/2, where C is the speed of light.

In order to segment the discriminator (to detect its
maximum values) two processes of estimation are work-
ing in parallel. The PLL process which estimates the
phase and message of navigation of the process. These
estimate are used by the DLL process which detects the
maximum of the discriminator. When a maximum is
detected the codes of the DLL are retiming and the val-
ues of the pseudo range between the instant of change
and the preceding instants of change are computed. We
describe in section 3 the DLL implementation and in
section 4 the PLL implementation.

3 Recursive estimate of the code
delay

3.1 Definition of the estimate in the sta-
tionary case

The discriminator is described by a random variable
Z, with a Gaussian distribution of variance 2. The vari-
ations of the discriminator are described by a piecewise
linear model. We consider the following temporal se-
ries, defined in each stationary segment by:

Zr = ap(k—tio1)+n? tic1 +1<k<t; (12)




t; is the i*" instants of change in the discriminator. ay
is the slope of the discriminator which depends on the
speed satellite receiver and of the GPS signal param-
eters described in equation 11 of the previous section.

Let X 151)’ be the mean value of the discriminator at
instant k. We suppose the process piecewise station-
ary and we define the discriminator evolution by the
following recursive equation:

XM _

S

re{titieny

XM (1 =61 ) +apAt+w) (13)

In this expression the discriminator is retiming at in-
stants 7 € {t;};eny. The Dirac d; impulse takes the
value 1 for ¢ = 0, else 0.
wM is a white centred Gaussian noise of variance QW
Let , ZW and Z® be the discriminator measurements
provided by the pilot and data channels. The equation
that links the measurements to the mean value of the
process is given by:

Z(1)

2" = xV 4 (14)
Z2 = x4 pf® (15)
In this modelling nf(z) is a white centred Gaussian noise

of variance RY) = 2, with ¢ € {1,2}. In this work we
want to estimate the mean value X ,21) of the piecewise
stationary process. The proposed recursive estimate
combines a change point estimate with a recursive esti-
mate of the mean value of the process in each stationary
segment. In this context the change point estimate pro-
vides an estimate of the change instant ¢;. The value of
Q™ defines the confidence on the modelling equation
13, which supposes the linear evolution of the process in
the stationary segments. The slope value ay, is supplied
by the change point estimate that computes the change
instant and the discriminator slope after the change.
The slope is supposed to be constant in each stationary
segment.

The recursive estimator of the discriminator in the
stationary peaces is defined in a Bayesian framework.

Let X 151_)1 and P,gl_)l respectively define the a posteriori
mean and variance of X ,97)1 The predicted state of

the filter is defined by the following expressions that
suppose the process stationary and Gaussian:

> (1 > (1

Xlg/gcfl Xlg—)l +ar At (16)
1 1

P, = PY+QW (17)

In these expressions we suppose that the process has a
linear variation and a model accuracy defined by Q).
Then we have the following recursive estimate of the

mean X ,il) and variance P,gl):

1
o 1 1 1
P = <—P(1> tro T R(2)> (18)

XM 7 7(2)

(1) _ (1) k/k—1 k Nk 4y

R (P(l) TR0 T RO (19)
k/k—1

In equations 19 and 18 we suppose independent the
error on the discriminator measurements obtained for
the pilot and data channel. This assumption is correct
for the L2C GPS signal where the codes CL and C M,
respectively associated to the data and pilot channel,
are time multiplexing. Regarding the L5 signal the
inphase and the quadraphase component, associated
respectively to the data and pilot channel, are coded
with two different pseudo-random noise (PRN) ranging
codes. We suppose in this case that the correlation be-
tween these two noisy random components is low and
negligible.

3.2 Change point estimate

When the discriminator is retiming, its evolution is
described by the following recursive equation:

X,ﬁl) (Xl(clf)l + At (ak + Aar H(r+1)(k))>

x (1= Hypy () + i, (20)
with 7 = ¢;. In this expression H, 11 (k) is the Heaviside
function that takes he value 1 for & > r+1else 0. Aa, is
the slope difference at the change instant. Let suppose
a change of slope in the model of the process, defined
by equation 20, of magnitude Aa,.. Then we have the
expression of the estimate mean X ,517), at instant k with
k > r which is given by:

X( )

X}ig =+ Pk, r(Aar) (21)

In this expression X! 8 is the estimate mean obtained
if we suppose that there is no change in the model.
Pk,r(Aay) is a function of Aa, that defines the gap with
the estimate mean when we consider a change at instant
r in the model. We show that p (Aa,) is defined by:

k—r k-1 (1)
1
Per(Aay) = Aar pry —Aarz H il J+ (22)
i=1 j=k— zP()+Q(1)
Let ¢, be the difference between the fused measure-
ments and the estimate mean:
W (R® 2 +n RVZP) 23
T k0T RO + R® (23)
(1) ! A
Pew = B+ (R(l) +R(2)> (24)

Let define € as a set of innovation values. These values
are computed for all the instants defined between r and
k, with » < k. k is the current instant for which the
last estimate of the mean value has been computed.
The value of r is searched in a working window of size
M, then between £ — M 4 1 and k. The statistical



distribution of the innovation is defined by the following
expression:
P(e,r,Aa,) = P(Aa,/e,r) P(e/r) =(r) (25)

In this expression 7(r) is the prior law on the change
instant r and Aa,. is a parameter. Furthermore we have:
P(Aar/e,m) P(e/r) = h(e/r,Aa,) P(s/r) (26)

where h(..) is the likelihood function. Finally the esti-
mate of the change instant is defined by:

()= Argmax P (r|e) (27)
——
(k—M+1<r<k)
Let :
(7) = Argmin  —log (h(elr;p, V) (r;0a)) (28)
———

(k—M+1<r<k)

where p, V' and o4 are hyper parameters that respec-
tively define prior information on the value of Aa,. and
the change instant. In our case the likelihood distribu-
tion is given by:

h(e|r, Aar; Pe

[ Aar i, 2
(y Locp ) ) (29)

k
1
) H\/Q?TPGZ' p(

In practice, we have an inaccurate estimate of Aa,
deduced from ag. We use this value as a prior informa-
tion. We suppose that Aa, has a Gaussian distribution
of mean p and variance V/n, [13], with n, =k —r + 1.

Then we have:
V2TV (
exp | —n,
n

(a

P(Aay|r;p, V) =

(Aa, — M)Q
T) (30)

Then we show that :
1 ny/2
ey = ()

k
N A
eXP(‘i(ﬂza—q*T—ﬁ

with:
k pg
Tr = Z P_;z (32)
1=7
Ny
vV, = 1/ (T,,+V) (33)
k
n €
e = Vi (,uvr +Z ﬁ pi,r) (34)
i=r ¢

The prior probability 7(r) to have a change instant at
r is defined by a Bernoulli law :

w(r;ioa) = Ar(1 = Ar) (35)

where A\, =1/2fork—M+1<r < k—oq4else A\, =0.
This prior law defines the minimum number of samples
o4 you must have after the change to detect it. The
estimate of r in the working window is given by:

() -

k 2 2

. €; Ny

A L 36
Argmin {5+ =5~ (36)

i=r

(k—M+1<r<k)

2
Ar
- V) —m 2
. n(n, V) n(1 )\r)}

The estimate of the magnitude of the change Aa,. that
maximizes the likelihood distribution 29 is given by:

ko P €
Kap - b Fei (37)
t;
k pi,fi
Zi:t}, Pe;

In our approach we suppose constant the speed satel-
lite receiver after the change instant, and we have
Aa, = %ak. Then, finally a change is detected in the **

segment if &i € [—%at} —VV - %at} + \/V] Then we
have a; | = %A/Za\t the slope of the (i+ 1) stationary
segment that begin at #; + 1.

of the

4 Recursive estimate

phase delay

4.1 Recursive estimate of the carrier
phase delay

The phase delay of the carrier is an angular measure-
ment obtained with the values of Ip, and Qpx by the
following expression:

oer, = Arctag* <%> (38)
Ipy,

In this expression Arctag*(...) is the quadrant-specific

inverse of the tangent [3]. This measurement is de-

scribed by a circular random variable ¢ej, with a circu-

lar distribution of von Mises of mean m and a parameter

of concentration k:

hv(der) = gepogey €70 ™™

(39)

Iy(k) is the modified Bessel function of order zero.

The phase delay is described by a process ¢e and the

following temporal series that model the measurements:
der, =

([m + 77,?1 mod [27r]> (40)

n,fe is a centred von Mises random variable. Let X 22)
be the mean phase delay at instant k. We define the
phase delay evolution by the following recursive state
equation:

2 2 2
I R )



w,(f) is a white centred noise with a von Mises distribu-

tion. The parameter of concentration of the distribu-
tion is Q). Let, ¢e(M) and ¢e@, be the phase delay
measurements obtained respectively from the pilot and
data channels of the signal. The equations that link the
measurements to the mean values of the processes are
given by:

et X g ple® (42)
ge” = X2+ |l —lH* +ee® (43)

n,fe(e) is a white centred Gaussian noise with a von
Mises distribution. The concentration parameter of the
distributions is K, with ¢ € {1,2}. We suppose that
the a posteriori distribution defined at k£ — 1 is a von
Mises distribution notice CN(...). Then we have:

2 ¢ 2) | (2 2

X hoeih s ~ CNOGLIXL P (a4
XIEQ_)l and P,EQ_)
mean and variance of X ,8)1 The filter prediction is

defined in the stationary cases by the following equa-
tion:

, Trespectively define the a posteriori

(2)
Xk/k 1

= X2 (45)
In our approach, the noise that models the prediction
error has a von Mises distribution with a parameter of
concentration Q(?). The distribution of the prediction
is given by the Chapman-Kolmogorov expression. It is
shown in [4] that a von Mises distribution can be ap-
proximated with a Wrapped Normal distribution that
has the same propriety than in the Gaussian linear case
for the sum of random variables. The Wrapped Nor-
mal distribution is a sum of Gaussian distributions that
allow to find a solution to the Chapman-Kolmogorov
expression. Then we can express the variance of the
Wrapped Normal distribution [3], noticed WA/(...), as
a function of the variance of the von Mises distribution
with the function A(...) defined next. Then we have:

2 ¢ 2 2 2
X,g_)1|¢e§:,)€_1 ~ WN(X,i )1|X1i )1a (Pli—)l)) (46)

With :
Il (H)
Io(lﬁ:)

The distribution expression of the prediction is given
by :

A(r) = (47)

xPgel_y ~ WN (X2 IXE 1 ARE)AQD)) (18

This distribution can be approximated by a von Mises
distribution as defined previously:

XPgel) |~ (49)

N X AT (ARZ)AQ™))

Then we have the complete equation of the prediction
defined by:

(2 (2
X = %2 (50)
PO = AT (ArP)A@®) 6

Then we show [8] that the recursive estimate of the
mean phase delay and of the parameter of concentration
is given by:

2)

X,g = arctan(Dy/Cy) (52)
PP = \Jor+n} (53)
With:
Cr = PSL | cos XIEQ/L L+ + KW cos qzﬁegcl) (54)
+ K®cos ¢e(2)
Dy = Pk(jL (sin Xi9 + KW singel)  (55)
+ ) sin (que )+||nkfl|\*%i)

4.2 Detection of the message of naviga-
tion
Detection of the message of navigation is realised
with the circular distance between the predicted phase
delay obtained by equation 51 and the measurements
obtained with data channel. Let define the following
circular distance:

dr =1 — cos (qﬁeff) X,g%_l) (56)

We have the following approximation:
dr ~ 1 — cos <||nk — 1 % % + n,fd) (57)
P = A7 (APZNAQAK®))  (58)

Where n,fd is a white centred von Mises distribution
with a parameter of concentration anbd. Then the ex-
k
pression of di is given by:
di ~1—ny cos (n,fd) (59)
(60)
The test is defined by:
) S
d. Z 1 (61)
nkzl

where the distribution and critical values of cos(n,fd)
are given in [4].



The proposed tracking architecture is composed of
two tracking loops which work in parallel. The first
loop tracks the code of the pilot and data channel with
a noncoherent discriminator. This loop allows to mea-
sure the phase delay variations. The values obtained
at instant k are fused with the circular filter and the
message of navigation is extracted.

The second tracking loop uses at each instant k£ the
data (phase and message of navigation) provided by the
first tracking loop. The phases of the pilot and data
channels are corrected but not the codes. Then we can
measure with this loop the discriminators variations.
These measurements are provided at instant k£ to the
change point estimate.

When a change is detected at instant k£ and at po-
sition 7 the code is retiming at instant k. The pseudo
range values are then calculated for instants between k
and the previous change point.

5 Experimentation

In this experimentation we want to assess the pro-
posed architecture of fusion. We simulate the GPS sig-
nal in a real context. These experiments are realized
and described for a static receiver and for a circular dy-
namic trajectory. Positions are obtained, every millisec-
ond, for each C/A code correlation measurement and
the signal is sampled with a 20 MHz frequency. In this
experimentation we compare the results obtained with
the proposed method and the results obtained with a
classical matched filter [2]. We simulate a real GPS
constellation the third day of the GPS week 1291 at 12
hours, 00 minute and 00 second. The receiver antenna
localization is supposed to be on the roof of the labo-
ratory. We report in table 1 the different parameters of
simulation. The algorithm is demonstrated using simu-
lated GPS signals with C/A codes for the pilot and data
channels (like in the L5 case). The clock noise model
parameters are defined for a temperature-compensated
crystal oscillator. The values of the phase and fre-
quency random-walk intensities are Sy = 5 x 10721s
and S, = 5.9 x 10729571,

Table 1: Simulation parameters

HDOP | Number of | C/Ny, | V/K®/QW/Q®
satellites | (dB.Hz) Variances
1.43 6 50 /40 | 1/1/0.01/1000

We display on figure 2, positions computed every mil-
lisecond in the static case, for a signal to noise ratio of
C/Np = 50 dB.Hz . On these figures, we display posi-
tions processed with the proposed method in dark and
with a standard method in grey. The standard method
is the classical match filter [2]. Positions calculated with

the standard method are scattered around the real po-
sition. In the other hand, with the proposed fusion
method the calculated positions in black are closed to
the real position.

s

20

north error (m)
o
T

east error (m)

Figure 2: Static positions computed for a C'/Ny of 50
dB.Hz

We report on table 2 the mean gap values and vari-
ance, according to North and East axis, between the
real and estimate positions. We also describe the mean
Euclidian distance between the real and estimate re-
ceiver positions. Values reports in this table are ob-
tained for different signals to noise ratio with the stan-
dard and the proposed fusion method.

Table 2: Error on estimate static positions: fu-
sion/standard
SNR Mean gap | Mean gap Mean
dBHz East dir | North dir | Distance
C/Np=50 | 0.5/6.7 1.3/11.5 | 1.4/14.6
C/No=40 | 1.7/10.7 | 2.7/19.9 | 3.4/24.6

For the dynamic case, we consider a circular trajec-
tory of radius 10 m cover in 2 s. We show on figure 3,
the estimate positions obtained in the dynamic exper-
imental case. We notice for the standard method that
points are scattered around the real trajectory like in
the static case.

We report on table 3 errors on computing positions
in the dynamic case. Compared to the static case, the
errors we obtain for the standard method are practi-
cally the same. However the errors obtained with the
proposed method are smaller than for the standard case
but greater than in the static case. Furthermore, we no-
tice like in the static case that the accuracy decreases
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Figure 3: Estimate dynamic trajectory for a C'/Ny of
50 dB.Hz

with the SNR.

Table 3: Error on estimate dynamic positions: fu-

sion/standard

SNR Mean gap | Mean gap Mean

dBHz East dir | North dir | distance
C/Np=50 | 1.8/8.4 2.9/14.8 | 3.7/18.5
C/No=40 | 2.6/11.5 | 6.7/21.8 | 7.7/26.7

6 Conclusions

We introduce in this article the architecture of a fu-
sion system for the tracking of the new GNSS signals.
The proposed system used a change point estimate of
the discriminator values and a circular filter for the
phase delays. It fuses the code and phase delays ob-
tained for the pilot and data channels of the GNSS
signal. We introduce in this article the recursive imple-
mentation of the circular filter and of the change point
estimate. These filters fuse the data and use prior infor-
mation on the parameters of the change detection. The
results obtained in the experimentation show that the
computed positions obtained with the proposed method
are more accurate than the positions obtained with the
classical matched filter.
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