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Abstract—Today, the problem of global navigation satellite
system (GNSS) positioning in urban canyons has received consid-
erable attention in several field, such as transport and emergency
systems. However, the performances of GNSS-based systems can
be degraded in urban areas due to non-line-of-sight (NLOS),
Multipath and masking effects.

In this paper, we aim to explore the potential of RHCP, LHCP
antennas technology and the fuzzy logic method for identifying
GNSS signal reception state. The fuzzy system developed has
based on the satellite elevation and the C/N0-R-L, which is the
difference between the left-hand circular polarized (LHCP) C/NO
(carrier-to-noise ratio) and the right-hand circular polarized
(RHCP) C/NO.

A signal reception state classification by applying the proposed
system is demonstrated on a real global positioning system (GPS)
signal, and the efficiency of the classifier is shown.

Index Terms—GNSS systems; GPS, line-of-sight (LOS); NLOS;
Multipath; classification; fuzzy logic system; RHCP antenna;
LHCP Antenna; urban area.

I. INTRODUCTION

GNSS-based location systems has received considerable
attention in recent time and have penetrated critical domains,
namely, maritime transport and civil aviation fields. However,
The use of GNSS systems remains limited in urban environ-
ment. The incoming GNSS signal can be reflected by the
objects near of the receiver antenna, and consequently received
as the sum of direct signal and several delayed replica, this
phenomenon is called Multipath reception[1]. Furthermore,
when the direct signal is blocked and the signal is received
only via reflections, this is known as NLOS reception state[1].
The Multipath and NLOS phenomena disturb signal recep-
tion, notably, adding a delay to the propagation time, and
consequently, they can exhibit a positioning errors more than
kilometer [2] .

In this paper, we address a very challenging problem related
to GNSS signal reception state detection. Several methods
exist for detecting and mitigating [3] NLOS and Multipath
phenomena. In [4] and [5] the authors are used respectively
a decision theoretic framework and statistical approach for
NLOS signal identification. A non-parametric technique to
distinguish LOS signal from NLOS is presented in [6]. In
[7] the marginalized likelihood ratio test (MLRT) is used to
detect the NLOS signals. A high quality antenna arrays[8][9]
and C/NO parameter[10] are also used to identify the NLOS
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and Multipath reception state.

In this work, We explored the potential of the RHCP and
LHCP antennas and fuzzy logic approach for detecting NLOS,
LOS and Multipath signals.

The paper is organized as follows. Section II presents the
background for this study including a review of the related
work and a presentation of the proposed system model. In
section III, GNSS signal state detection based of the fuzzy
approach is presented. The GNSS signal classification test and
analysis are presented in section IV.The final section concludes
this paper and discuses future work.

II. BACKGROUND

A. Previous Work

The literature focusing on techniques for detecting the signal
reception state is abundant. Previous investigations have shown
that fuzzy logic approach can be applied to classify GPS data
based on signal degradation conditions [11] [12] [13] [14].
In [11], a GPS-code-based measurements fuzzy processing is
applied to detect the optimal observables, using the GDOP
(Geometrical Dilution Of Precision) parameter and the signal-
to-noise ration (SNR). Others works have applied fuzzy logic
to detect the signal quality using C/NO and the dilution-of-
precision (DOP) [12] [13] [14]. However, the performance was
still limited because the simple use of C/NO is not sufficient
to identify the signal reception state.

In [15], the fuzzy logic approach is applied to classify the data
quality using the DOP value and the difference between the
measured and excepted C/NO as input fuzzy variables.

In GNSS, we present three signal reception state, namely,
LOS, NLOS and Multipath reception. The Line-Of-
Sight(LOS) signal transmitted by satellites is right-hand circu-
lar polarized (RHCP)[16]. When the signal is reflected, with
an odd reflection number, the received signal become left-hand
circular polarized (LHCP) [17]. In [8] the authors are used a
dual-polarisation antenna for NLOS and Multipath detection
basing on C/NO. However, the C/NO is imprecise and uncertain
measure. Consequently, in this study, we are exploited the
ability of the fuzzy logic approach of handling different types
of uncertainty, combined with the potential of the RHCP and
LHCP antennas [18] to classify the received signal.
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B. System model Description

The proposed classifier system is composed by two anten-
nas, RHCP and LHCP. We assume that the antennas are placed
too close together and at the same height.

The proposed GNSS receiver system is merged with the fuzzy
logic system and provides an output the information about the
signal reception state.

The schematization of the proposed classifier system is given
in figure 1.
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Figure 1: A schematic set-up of the proposed classifier system

III. PREDICTION OF GNSS SIGNAL RECEPTION STATE
APPLYING Fuzzy MODEL

A fuzzy classifier system is a classifier based on fuzzy logic
using knowledge and regulations. At the heart of a fuzzy
system exists a knowledge base consisting of fuzzy if-then
regulations.

The fuzzy system is linked to human reasoning with uncertain
and imprecise input data. Several fuzzy logic control systems
with different principles are present.

To perform the reasoning process of GNSS signal state classi-
fication, we have chosen to applied the fuzzy inference system
using Mamdani method to design our classifier system.

Our system has two inputs including satellite elevation and
C/NO-R-L defined as subtraction between C/NO value provided
by the RHCP Antenna and C/NO value provided by LHCP, as
well as one output which indicates signal reception state.
Our reasoning and decisions are based on real experimental
study, results approved by signal model and previous work
existing in the literature.

A. fuzzy classifier design

The architecture of the proposed fuzzy inference system for
GNSS signal state classification is shown in figure 2.
The fuzzy system was designed using the Matlab Fuzzy Logic
Toolbox. Firstly, we presented the C/NO-R-L parameter by a
triangular membership function as shown in figure 3.
The x axis represents C/NO-R-L (in dB-Hz) from -60 to 0
as Low, 0 to 10 as Medium, and 10 to 60 as High. The y
axis represents membership function of Low C/NO-R-L value,
Medium C/NO-R-L value and High C/NO-R-L value.
The curve for membership function of the satellite elevation
has been shown in figure 4. The elevation less than 25 is
considered as Low, 20 to 50 as Medium and upper to 50 as
High.
According to signal model, experimental results and previous
work, the choice of the Linguistic variable and the boundary
values which characterizes each variable are based on the
following arguments :

o If the direct signal is blocked and only reflected signals
are being received, then the signal received by the RHCP
antenna will be multiplied by an attenuation coefficients,
which their value are less than 1.

o If the LHCP antenna can not track the incoming signal,
the received signal can be considered as a direct signal.

o If the RHCP antenna can not track the incoming signal,
the signal can be considered as a reflected signal.

o The C/NO-R-L based thresholds for Multipath signals are
inspired from Ziyi Jiang and Paul D. Groves study [8].

o When the signal is at high elevation, the received signal
will be Weakly attenuate.

e N reflections has been considered, where N is an odd
number.

o The delay dependent carrier phase between the RHCP
and LHCP signal is null.

Furthermore, the output of the fuzzy system is a numeric value
”SRS” between 0 and 1, which describes the signal reception
state and was used to classify the received signal. The curve
of membership function for SRS have been shown in figure
5. In this figure, the SRS is defined in a universe from 0
to 1 and linguistically characterized by three triangular mem-
bership functions, labeled "N, ”"M” and “L”. An instinctive
design to fit the feature of the centroid of area defuzzification
output is applied to define the boundary values between near
membership functions. The boundary values was choice at the
medium between the corresponding membership functions.
If the value of SRS is less to 0.375, the received signal is
classified as NLOS signal. If the value of SRS is upper to
0.625, the received signal is classified as LOS signal. Thus, if
the SRS is from 0.375 to 0.625, the GNSS signal is classified
as Multipath signal.

Therefore, the if-then regulations for the inference fuzzy
system, have been defined as below :

o If C/NO-R-L is High and satellite elevation is High then
signal reception state "SRS” is LOS.
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Figure 2: Conceptual structure of a fuzzy system
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Figure 5: Curve of membership function of SRS

o If C/NO-R-L is Low and satellite elevation is High then
SRS is NLOS.

o If C/NO-R-L is Low and satellite elevation is Medium
then SRS is NLOS.

o If C/NO-R-L is Low and satellite elevation is Low then

SRS is NLOS.

o If C/NO-R-L is High and satellite elevation is Medium
then SRS is LOS.

o If C/NO-R-L is Medium and satellite elevation is High
then SRS is Multipath.

o If C/NO-R-L is High and satellite elevation is Low then
SRS is LOS.

o If C/NO-R-L is Medium and satellite elevation is Low
then SRS is LOS.

o If C/NO-R-L is Medium and satellite elevation is Medium
then SRS is Multipath.

IV. GNSS SIGNAL CLASSIFICATION TEST

A. Hardware and Data Acquisition

The experimental data are acquired in real environment,
Calais, France, in collaboration with LISIC Laboratory at the
University of the Littoral Opal Coast (ULCO).

The antennas used are a RHCP and LHCP antennas, powered
by two Novatel receiver and attached to splitter, linked to a
SILICOM machine for receiving GNSS signal.

To examine the performance of the proposed GNSS classifier
system, a signal acquisition was taken at the park of the
University Littoral Opal Coast (ULCO). A car has been
equipped by two antennas (RHCP and LHCP antennas) and a
reflector has been installed on the roof of the car, as indicated
by the yellow marker in Figure 6.

B. Test and Analysis

In this experimental study, two scenario are considered. In
the first scenario, the tracked satellites are in direct visibility
to the antennas. In the second scenario, a reflector panel has
been implemented for generate the signal reflexions, and a
Multipath reception state detection is expected from the fuzzy
classifier.
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Figure 6: The data collection point at the park of the University
Littoral Opal Coast, Calais, France

1) Scenario 1: We tracked the satellites in direct visibility
to the antennas. The figure 7 shows all the satellites present
in the first signal recording . All recorded signals are taken on
the same day and shifted by a time interval of 50 minutes.
As shown in figure 7 the satellites in direct visibility are 24
15, 12, 13 and 19. The vehicle is presented on the skyplot by
a black rectangle.

SATELLITE SKYPLOT : 14h24md2s UTC, 2/3/2017
MORTH

gl

1 *13

SOUTH
Figure 7: scenario 1 - the satellites skyplot for recording 1

The satellite skyplot for the second recording is shown in
figure 8. We tracked the satellites 12, 15 and 24. We notice a
remarkable change of elevation for these satellites.

To test the performance of the proposed fuzzy system, we
computed the C/NO-R-L and satellite elevation for each satel-
lite cited above and we applied the fuzzy inference classifier
to detect the signal reception state, in order to compare the
provided results with the expected state.

Table I summarizes the results obtained by the proposed fuzzy
classifier for satellites tracking in scenario 1.

2) Scenario 2: We tracked the satellites which the trans-
mitted signals are undergo reflections by the reflector panel
installed on the roof of the car.

The figure 9 shows the satellites skyplot for the first signal
recording.
As shown in figure 9 the signal transmitted by satellite 12

SATELLITE SEY¥PLOT @ 15h1EmS4s UTC,  2/3/2017
MORTH

WEST ELAST

SOUTH

Figure 8: scenario 1 - the satellites skyplot for recording 2

will be reflected by the reflector. Therefore the signal will
be received in Multipath state. The vehicle and reflector are
presented on the skyplot respectively by an orange arrow and
a black rectangle.

SATELLITE SKYPLOT : 14h30m21s UTC,
MORTH
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SOUTH

Figure 9: scenario 2 - the satellites skyplot for recording 1

The satellite skyplot for the second recording is shown in
figure 10. We tracked the same satellite (PRN 12) which its
elevation has changed. Tables I and II summarize the results

SATELLITE SKYPLOT : 15h54m36s UTC,
NORTH

WEST

SOUTH

Figure 10: scenario 2 - the satellites skyplot for recording 2
obtained by the proposed fuzzy classifier for satellites tracking

in scenario 1 and 2. We observed that in scenario 1, all signals
are classified as LOS and that corresponds to the expected
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Scenario 1 - Recording 1

Satellite ID 12 13 15 19 24
Satellite elevation 33.18 3394  60.31 31.79 6594
C/NO-R-L 11.99 1423 51 12.63  18.05
Signal state classification provided by the fuzzy classifier | LOS LOS LOS LOS LOS

Scenario 1 - Recording 2

Satellite ID 12 15 24
Satellite elevation 58.39 35.88 87.68
C/NO-R-L 20.62 18.00 17.29
Signal state classification provided by the fuzzy classifier | LOS LOS LOS

Table I: Signal reception state classification for scenario 1

Scenario 2 - Recording 1

Satellite ID 12 24
Satellite elevation 37.82 70.25
C/NO-R-L 13.44 18.49
Signal state classification provided by the fuzzy classifier Multipath LOS
Scenario 2 - Recording 2
Satellite ID 12 15 25
Satellite elevation 79.01 17.31 34.22
C/NO-R-L 15.77 6.69 7.27
Signal state classification provided by the fuzzy classifier | LOS  Multipath ~ Multipath

Table II: Signal reception state classification for scenario 2

result. For Scenario 2, we notice that the signal reception state
for satellite 24 in recording 1 and satellite 12 in recording 2
is LOS, and this result verify the argument cited above that
the satellite at high elevation have a low probability to be
destructed. Consequently, the signals are considered received
as LOS signals.

Therefore, the classification result given by the proposed
fuzzy inference system has been shown in figure 11. For
illustration, we have taken as an example an input crisp
values of 20.62 and 58.39 for C/NO-R-L and satellite elevation
respectively. The defuzzified output provided by the system is
0.75. Consequently, we can conclude that the GNSS signal is
classified as LOS signal.
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Figure 11: structure of Fuzzy Inference System according to
target inputs and output

From the experimental results, the effectiveness of the pro-
posed fuzzy classifier system has been clearly demonstrated.

V. CONCLUSIONS AND FUTURE WORK

This paper has proposed as new method to classify GNSS
signal reception state using RHCP and LHCP antennas and
fuzzy approach. The signal classification is characterized by
two measures, namely, satellite elevation and C/NO-R-L which
is the difference between the C/NO from RHCP and LHCP
antennas.

The classification measures are uncertain and imprecise. Con-
sequently, a fuzzy approach has been applied. A fuzzy system,
developed in the Matlab environment is presented with fuzzi-
fication, inference engine and defuzzification steps.

The main result obtained in this work, is that the RHCP
and LHCP antennas combined with the fuzzy processing have
demonstrated their capability and effectiveness to distinguish
between the signal reception state.

Our future work will be focused on applying the proposed
system to show their impact on positioning accuracy.
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