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Abstract – Faults in the GNSS measurements are the main
reason for uncertainty positioning. In fact, certainty can thus
be maximized by selecting only those observations least
contaminated by faults to form the navigation solution
(positioning) and excluding the rest from positioning algorithm.
In order to solve the problem of faults in the GNSS
measurements (pseudo-range), a new Fault Detection and
Exclusion (FDE) method is proposed in this paper. The
proposed method involves two functions: the first one aims to
detect the presence of faults in the measurements test set. The
second function is implemented to exclude the faulty
measurements from data fusion process.
In order to demonstrate its efficiency and its validity, the
proposed method is tested using real data acquired with low cost
GNSS receiver.
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I.

INTRODUCTION

Since the beginning of this century, Global Navigation
Satellite System (GNSS) has been applied to provide the
GNSS user’s position and other information such velocity
and time. GNSS has been one of the most widely used
navigation and positioning system because of its good
performance, high precision and wide application
characteristics. But, GNSS positioning integrity and
accuracy remains a challenge due to reflection, blockage
and diffraction of GNSS signals by buildings [1] or trees...
In typical urban positioning scenarios, the receiver often
receives a mixture of faults signals. These signals decrease
the integrity and certainty in GNSS position.
In order to solve the problem of multi faults in GNSS
observations, several methods are proposed in the literature.
For example, the RAIM (Receiver Autonomous Integrity
Monitoring) methods are used to detect a fault in set of
observation and it able to exclude one fault observation
from all observations [2] [3]. Other advanced RAIM
methods such “recursive consistency-checking method
based on RAIM-type” provides position accuracy even if
there was multi faults in the measures [1] [4]. Also, the
signal processing can be used to the availability of fault [5]
in GNSS observations.
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In this paper, a new method is proposed in order to
maximize the integrity and certainty of GNSS positioning.
The proposed method composes into two principal parts: in
the first part an estimator is implemented, it uses the
pseudo-ranges measurement to estimate the GNSS user’s
position. In the second part a Fault Detection and Exclusion
(FDE) method is integrated into selected estimator, this
method aims to detect and exclude the faulty observations
to maximize the integrity of navigation solution (position).
The proposed FDE method consists of two functions: The
first function uses the Information Horizontal Protection
Level (IHPL) to examine the presence of faulty
measurements in the set of current measurements. Then in
the second part, a new diagnostic method is designed and
developed in order to exclude the faulty observations from
data fusion process (selected estimator), this part is based
on the projection of GNSS observations on information
space.
In this work, the Information Filter (IF) is chosen to
estimate the position. Because, it characterize by a simple
correction step. This characteristic helps to facilitate the
FDE process and reduces the computational time [6] [7]. In
fact, IF works with a canonical representation using
information form of the covariance matrix and of the state
vector, called respectively the information matrix (fisher
matrix) and the information vector.
In the sequel, the paper is organized as follows: Section
II introduces the IF. In section III, we present the developed
of FDE method. Test and validation using real GPS
measurement data are presented in section IV. Conclusion
is finally proposed in section V.

II.

INFORMATION FILTER

IF is adopted in this work due to its efficiency [8] [9],
especially for applications with large observations number.
IF is composed into two steps. In the first step, the filter
computes a prediction value of the Information vector 𝑦̌(𝑘)
and the Information matrix 𝑌̌(𝑘). The following prediction
equations are used:
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𝑀𝑘 = [𝐹 −1 ]𝑇 𝑌(𝑘 − 1)𝐹 −1

(1)

𝐶𝑘 = 𝑀𝑘 [𝑀𝑘 + 𝑄𝑘−1 ]−1

(2)

𝐿𝐾 = 𝐽 − 𝐶𝐾

(3)

𝑌̌(𝑘) = 𝐿𝐾 𝑀𝑘 𝐿𝑇𝑘 + 𝐶𝑘 𝑄𝑘−1 𝐶𝑘𝑇
𝑦̌(𝑘) = 𝐿𝐾 [𝐹 𝑇 ]𝑇 𝑦̅(𝑘 − 1)

Where 𝑄 represent the system noise [1], 𝐽 is the identity
matrix and 𝐹 is the state transition matrix.
In the second step (the updating step) to obtain a more
accurate estimation of position and to correct the predicted
step IF uses the current GNSS measurements. The updated
Information vector and the updated corresponding to
information matrix are given by the following equations:
𝑌(𝑘) = 𝑌̌(𝑘) + 𝐼(𝑘)

(6)

𝑦(𝑘) = 𝑦̌(𝑘) + 𝑖(𝑘)

(7)

𝐼(𝑘) =

𝐻𝑘𝑇 𝑅𝑘−1 𝐻𝑘

𝑖(𝑘) = 𝐻𝑘𝑇 𝑅𝑘−1 [𝑧𝑘 − 𝐻𝑘𝑇 𝑋̌(𝑘)]

(8)
(9)

Where 𝑦(𝑘) represent the updated information vector,
𝑌(𝑘) is the updated information matrix, 𝑧𝑘 design the
observation vector is accommodates to the differences
between the actual observed pseudo-range and the predicted
ranges based on a prediction user position, 𝐻𝑘 is the
transformation matrix from the observations space to the
information state space, 𝑅(𝑘) is the covariance of the
observation noise, 𝐼(𝑘) is the associated information
matrix, 𝑖(𝑘) containing the contribution in term of
information of an observation 𝑧𝑘 , 𝐻𝑘𝑇 𝑅𝑘−1 represent the gain
of IF (𝐾𝐼𝐹).
III.

FDE LEVEL

This section introduces the implementation of new FDE
method and represents the position error in the information
space. Section 3.1 presents the block diagram of proposed
method. Then in the section 3.2 describes the process of
information errors detection and the faulty exclusion.
Fig. 1 shows the block diagram of the proposed FDE
approach. The diagram is composed of five parts. In the first
part a low cost GPS receiver is used to get the real GNSS
measurements. Then, the IF prediction step comes in the
second part. The Information Horizontal Protection Level
(IHPL) test is synthesized in third step in order to examine
the presence of faulty measurements in the current
measurements. Then, in order to increase the integrity and
certainty of GNSS position, the fourth part uses the
Observation Projection on Information space (OPI) to select
the faulty measurements then to exclude them from data
fusion process. The final part of the proposed approach is
the “IF update step”, in this part IF uses the validated
measurements by the OPI method to obtain an accurate and
safe position.
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Fig. 1. The proposed methodology.

The proposed FDE approach is represented and
explained in the following section.
The proposed methodology fits on the FDE framework,
it composed in two steps. The first step detects the
information error by IHPL test. The faults observations
excludes by the OPI in the second step.
I. IHPL test
IHPL is the proposed diagnostic test in this work, it
proposed and developed in order to monitor the integrity of
estimated position by IF. IHPL is based on 𝜒 2 test. In simple
terms, IHPL is a comparison between the estimation and
statistical horizontal information error (𝐸𝐻𝐼, 𝑆𝐻𝐼).
Firstly in the IHPL test we use the party method [10] to
compute an estimation of observations error (𝛾̃𝑘 ). Then, 𝛾̃𝑘
and the gain of IF (𝐾𝐼𝐹) are used to estimate 𝐸𝐻𝐼. In fact,
the party method is based on analytical redundancy of
GNSS measurements.
The party vector used in the party method is defined in
the following equation:
𝑝𝑣(𝑘) = 𝑆(𝑘)𝑧𝑘

(10)

Where 𝑆(𝑘) = 𝐼 − 𝐻𝐻 ∗ and 𝐻 ∗ = [𝐻𝑇 𝐻]−1 𝐻𝑇 . 𝑆 has
a special property: 𝑆𝐻 = 0. The standard measurement
equation: 𝑧𝑘 = 𝐻𝑋 + 𝛾(𝑘), Where 𝛾(𝑘) is the real
observation fault.
An estimation of the faulty measurements is obtained by
the flowing equation:
𝛾̃𝑘 = (𝑝𝑣(𝑘) ∗ 𝑝𝑣(𝑘)𝑇 )/𝑛

(11)

Where n is the GNSS observations number at instant k.
EHI is obtained using the following equations:
EHI = max(𝐸𝐻𝐼𝑖 ) = 𝐸𝐻𝐼𝑗
2
2
𝐸𝐻𝐼𝑖 = √𝐾𝐼𝐹𝑥,𝑖
+ 𝐾𝐼𝐹𝑦,𝑖
∗ 𝛾̃𝑘

𝐾𝐼𝐹 = 𝐻𝑘𝑇 𝑅𝑘−1

(12)
(13)
(14)

The second step of IHPL step is the calculation of 𝑆𝐻𝐼.
Where it represents the information horizontal detection
level. The calculation of 𝑆𝐻𝐼 is based on 𝜒 2 coefficient and
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Area
1
2

GPS type
ublox EVK-6T-open
ublox EVK-6T-open

Data acquisition location
Cité Scientifique Lille
Cité Scientifique Lille

Number of epochs
230 epochs
189 epochs

Trajectory length
1370 m
1460 m

TABLE 1: DATA ACQUISITION INFORMATION.

GNSS observations noise standard deviation. The following
equation is used to compute 𝑆𝐻𝐼:
2
2
SHI = 𝛼 ∗ 𝜎𝜌 ∗ √𝐾𝐼𝐹𝑥,𝑗
+ 𝐾𝐼𝐹𝑦,𝑗

(15)

Where 𝜎𝜌 is the standard deviation of pseudo-range
measurements and 𝛼 is 𝜒 2 coefficient with (n-m) freedom
degree and 0.1% of probability of false alarm.

in Fig. 2), unlike the OPI of non-faulty observations that
which are close to zero (represent by blue stars in Fig. 2).
Based on the effect of faulty observation on the
representation of GNSS observations in information space,
we propose the following algorithm:

II. Observation projection:
The main objective to integrate the OPI method into the
proposed FDE level is to control (maximize) the integrity
of position estimated. Where OPI is activated, only if IHPL
test detect a faulty observations in the set of current
observations.
The OPI method is composed of two parts. The first part
computes the projection of observation on information
space. Then the second part excludes the faulty
observations.
Observations projection
The GNSS observations " 𝑧𝑘 " are used only in the
updating step of IF in order to correct information vector
(𝑦). In fact, we can divide the update equation of 𝑦 into
three parts:




Prediction information vector 𝑦̌(𝑘) ,
Observations update part 𝐻𝑘𝑇 𝑅𝑘−1 𝑧𝑘 ,
Prediction position part 𝐻𝑘𝑇 𝑅𝑘−1 𝐻𝑘𝑇 𝑋̌(𝑘)

1.
2.
3.

Based on this composition of Equation (9), we can say
that the GNSS observations affects only the observations
update part:
(16)
𝐸(𝑘) = 𝐻𝑘𝑇 𝑅𝑘−1 𝑧𝑘
Where 𝐸(𝑘) represent the OPI of the GNSS
observations. The OPI is composed in three
parts 𝐸𝑥 (𝑘), 𝐸𝑦 (𝑘) and 𝐸𝑧 (𝑘).
The following equations are shown the three elements
that represent a GNSS observation in information space.
𝐸𝑥𝑖 (𝑘) = 𝐻𝑘𝑇 (1, 𝑖)𝑅𝑘−1 𝑧𝑘
𝐸𝑦𝑖 (𝑘) = 𝐻𝑘𝑇 (3, 𝑖)𝑅𝑘−1 𝑧𝑘
𝐸𝑧𝑖 (𝑘) = 𝐻𝑘𝑇 (5, 𝑖)𝑅𝑘−1 𝑧𝑘

Fig. 2. The information projection for real GNSS measures.

(17)
(18)
(19)

Faulty exclusion

Calculate 𝐸(𝑘) of observations 𝑧𝑘 ;
Exclude from data fusion process the observations
have an OPI far from zero;
Use only the observations with OPI close to zero
to update the position;
IV.

REAL EXPERIMENTATIONS

Two sets of observation (Table.1 describes the
experimentation trajectory) have been used to test the FDE
method. Each data set contains GPS observation collected
in a different location in the City area of Cité Scientifique
Lille. An open GPS system (Ublox EVK-6T-open) was
used for the data acquisition. In order to test developed
algorithms with real data, the “goGPS” software package
(http://www.gogps-project.org) are used.
In figure 3.a, the results of the IHPL test process are
presented for the set of visible satellites during the first test
trajectory. The IHPL indicate appears information error
obviously in epochs 157 to 171.
The OPI at epochs 162 and 169, observed in Fig. 3.b and
3.c are correlated with the IHPL shown in Fig. 3.a.

The objective of the faulty exclusion step is to identify
the faulty observations, then exclude them from data fusion
process. The faulty identification process is based on the
distance between the observation’s OPI and zero of
information space.
Fig. 2 is shown that all faulty observations are
characterized by OPI far from zero (represent by red stars

SDIWC Conferences Copyright©2018, All Rights Reserved
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The OPI of the faulty observation (red stars) is
overestimated because a fault overestimates the
corresponding satellite observation. This OPI becomes
inconsistent, and need to be excluded.
The second set of data was deliberately chosen to obtain
a Non Line of Sight (NLOS) Geolocation of the

In the Fig. 4.a, IHPL test show the appearance of
information error in all of the second trajectory.
The red and blue trajectory in Fig. 3.d and 4.b are
respectively the IF position solution without and with
1
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proposed FDE method. Figures show the performance of
the proposed FDE method by using a real data that has been
carried out at the CRIStAL laboratory in Lille I UniversityFrance.
V.

CONCLUSION AND FUTURE WORKS

In this paper, we adapted the IF to estimate the GNSS
user’s position by using Pseudo-range measurements.
Then, in order to monitor and control the integrity of
positioning, we integrate a FDE level into estimation
algorithm (IF). The proposed FED level use the IHPL test
to detect the information error and the OPI method to
exclude the faulty observations from positioning algorithm.
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In order to test the proposed approach a real data from
"GPS Ublox EVK-6T" is used. The results of Trajectory
before and after FDE are shown that, the proposed FDE
capable to separate the sub-set of faulty observations and
the sub-set of goods observations. Therefore, the presented
approach can be seen as an interesting and simple solution
to monitor and control the integrity of positioning.
Furthermore, in the future works, a generalization of the
proposed method for multi-fault detection using
multipleGNSS systems is planned using the GPS Ll/L2,
GLONASS Gl/G2 and Beidou B1/B2 signals. In addition,
we aim to make a mathematical study of proposed
algorithm to demonstrate its credibility
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