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Abstract—The introduction of the GNSS positioning 

technology into the evolution of ERTMS/ETCS is based on the 
concept of virtual balise to minimize the impact onto existing 
ERTMS solutions. The detection of virtual balises is foreseen 
by using GNSS in combination with odometry information or 
other kinematic sensors. However, the presence of local GNSS 
threats (e.g, multipath, NLOS or interference) may lead to 
errors in the pseudorange measurement that cannot be neither 
corrected by local or wide-area augmentation systems nor 
properly bounded, and will lead ultimately to an error in the 
virtual balise position that cannot be bounded with the 
required integrity. In order to a priori prevent the risk of this 
hazardous situation, virtual balises must be logically located in 
areas where there are not local threats that may lead a Virtual 
Balise Transmission System on board the train to dynamically 
estimate unbounded virtual balise position errors. This paper 
summarizes the initial work performed in the H2020 GSA 
Project ERSAT-GGC with respect to the different techniques 
that can be used to detect local GNSS threats and that can 
support a later classification of railway areas as suitable or not 
suitable for placing virtual balises. 

Keywords—global navigation satellite system, local feared 
event, multipath, radio frequency interference, non-line-of-sight 
propagation, Railway signaling 

I. INTRODUCTION 

The introduction of the Global Navigation Satellite 
theintotechnologypositioning(GNSS)System

ERTMS/ETCS specification evolution roadmap is based on 
the concept of Virtual Balise (VB) to minimize the impact 
onto existing ERTMS solutions and to guarantee the 
backward compatibility, protecting existing and planned 
investments around ERTMS and its related deployment 
plans. 

The main Virtual Balise Transmission System (VBTS) 
functions are to compute the position of the train front-end 
to safely detect VBs and to dynamically estimate the 
maximum VB position error associated with the above 
computed train front-end position. This position error must 
be computed so as to bound the residual errors due to GNSS 
local and global environments. 

When possible, the VB must be located in track areas where 
the area environmental permanent properties with respect to 

sky visibility, multipath, NLOS, in-band near-band and out-
of-band interference do not lead to hazardous or unbounded 
threat events. The smart choice of these areas will guarantee 
that the Error Models used in a VBTS will bound the VB 
position error in accordance with the required Tolerable 
Hazard Rate (THR=10-9/h). 

In the context of the European ERSAT-GGC project, the 
goal of work package 4 is to develop a standard process to 
classify railway track areas as suitable for placing VBs or 
not, so as any On-Board ETCS subsystems, complied with 
the possible new ERTMS/ETCS specifications that include 
the GNSS technology, can guarantee the SIL 4 Train 
Position function. 

From a research point of view, the challenges for the track 
area classification process are numerous and of various 
nature. First, the classification process shall be applicable on 
any track area by using a simple and cost effective solution. 
Every solution that should embed costly equipment or 
complex procedures or even require long-term measurement 
campaigns shall be excluded. Second, the state of the art for 
the detection of GNSS local effects often rely on mitigation 
techniques more than detection because they are designed for 
being implemented in the end-user Position Navigation 
Timing (PNT) platform. In the context of our objective, as 
the Railway MOPS has not been defined yet, the local threat 
events (multipath, NLOS, etc.) shall be detected 
independently of a specific embedded GNSS algorithm and 
of an on-board PNT equipment whose properties would be 
complied with such a Railway MOPS in the future. To this 
end, the decision logics defined to classify the areas have to 
be parametric and adaptable for enabling their future setting 
in accordance with the expected oncoming international 
recommendations and with the measurement equipment 
(GNSS antenna, GNSS receiver, etc.) used for the track area 
classification process itself. Last but not least, as GNSS 
constellation is moving, the process shall take into account 
the spatial and temporal changes of the signal reception. This 
introduces a great complexity in the classification process 
due to the needs of reducing the field measurement 
campaigns for logistics and cost reasons even though the 
process must be suitable for SIL 4 railway applications. 

In this paper, we first present the different local GNSS 
threats relevant for the identification of railway track areas 



where the VBs can be logically placed. We then review 
relevant detection techniques and we comment on their 
suitability for the track area classification process. Finally, 
we give indications on the further necessary steps so that 
these techniques can be used for the later classification of 
railway areas as suitable or not suitable for placing VBs. 

II. LOCAL GNSS THREATS 

Augmentation systems mainly rely on the measurements 
of reference stations capable of modelling global or common 
mode errors such as satellites orbit and clock corrections, 
satellite faults, signals delays in ionosphere. The receivers of 
the reference stations are located in free of obstacles 
environments and this enables them to perfectly monitor the 
quality of the available GNSS signals. These systems are not 
designed to handle errors caused by local phenomena which 
are, by definition, too local to be detected by augmentation 
systems and to be shared by a large number of end-user 
PNTs.  

In land transportation applications, GNSS signal often 
suffers from different sources of local threats that cannot be 
corrected by an augmentation system. In the following we 
detail the different local threats relevant for the track area 
classification: multipath, NLOS and interferences. 

A. Multipath 

Multipath is characterized by the reception of multiple 
echoes of a same signal, each of them being delayed 
compared to the direct path. The length of their delay 
depends on the distance from the obstacle. The received 
power depends on the surface reflection coefficient. With 
multipath, the received signal is a sum of signals written as: 

(1) 

With  

 (2) 

where N is the number of echoes and index 0 represents 
the direct path. 

The frequency ݂݈ results of the Doppler effect caused by the 
relative movement of the satellites and the GNSS antenna. 

Interference caused by multipath can be constructive or 
destructive and these characteristics will modify the output 
shape of the correlation used by the receiver to extract the 
pseudo-range information. The impact of multipath on the 
positioning error will depend on the distortion of the 
correlation. 

B. Non-Line-Of-Sight (NLOS) signals  

On the contrary, NLOS represents the case where the direct 
signal cannot be received because of the presence of a 
masking obstacle.  

For NLOS, the correlation output is always characterized by 
a delay on the pseudorange estimation caused by the 
absence of the direct path. Attenuation of the signal power 
depends on the delay but also on the reflecting surface 
material and its coefficient of reflection. 

C.  Interferences 

Due to the low power level of the GNSS Signal In Space 
(SIS) received by conventional hardware, Radio Frequency 
Interference (RFI) plays an important role in the definition 
and characterization of the EMC GNSS Receiver 
environment. 

The impact of RFI is various, as it can result in degraded 
navigation accuracy or in a complete loss of signal tracking. 
All communication systems transmitting at carrier 
frequencies close to the frequency band of the GNSS 
receiver can be a potential source of interference [1]. 

The interference can be of intentional (e.g. jamming and 
spoofing) and unintentional (e.g. spurious emissions of other 
radio systems) nature. The focus of the area classification 
process lies on the unintentional interference which is 
typically of relatively low power and therefore of local 
nature. In contrast to jamming and spoofing which rather 
appear at a single place sporadically, the unintentional 
interferences are expected to be observed on regular basis. 

III. INTERFERENCE DETECTION TECHNIQUES 

In general, interference detection techniques are classified in 
precorrelation and postcorrelation techniques. Precorrelation 
techniques are applied to the spread spectrum received signal 
before any despreading operation while postcorrelation 
techniques require, as pre-condition, that the signal 
acquisition and tracking have been met. Therefore, the 
distinction between different techniques is related to the 
different stage of the receiver chain in which they work [1]. 

The next sub-section describes the following approaches: 

• SQM Techniques  
• Automatic Gain Control monitoring 
• ADC bin histogram 
• PSD monitor 

A. SQM Techniques 

At the correlation level, the presence of interference causes 
the deformation of the cross-correlation function (CCF) of 
the spreading code used by the navigation signal. Some 
GNSS receivers allow collecting several correlation results 
for different spacing value with respect to the prompt 
correlator, e.g. by using multi-correlator structures. The 
sampling of CCF enables to use Signal Quality Monitoring 
(SQM) techniques for the RFI detection [2], [3], [4]. 

B. Automatic Gain Control 

Many papers investigated the use of Automatic Gain Control 
(AGC) level monitoring as an interference detection 
technique and demonstrated the AGC is a valuable hardware 
indicator to assess the presence of interfering signals. The 
AGC is a hardware component of most receiver front-ends 
aiming at adapting the receiver input gain to keep 
quantization losses as minimum as possible. As depicted in 
Fig. 1, it is normally located between the analog portion of 
the front-end and the Analog-to-Digital Converter (ADC) to 
adjust the gain of the front-end to that of ADC input range 
[6]. Quantization losses can occur during signal sampling 
and quantization and they depend on the ratio between the 
ADC’s maximum quantization threshold, L, the number of 
bits utilized, and the incoming signal standard deviation, σ 
[7]. The AGC optimizes the L/σ ratio adapting the power of 



the incoming signal to minimize the digitalization losses. 
This functionality is implemented in any GNSS receiver that 
uses multibit quantization [1], [8].  

The AGC level monitoring is a precorrelation technique 
aiming at the detection of additional signals in the receiver 
frequency band that are normally not present. The 
assumption is that interfering signals are more powerful than 
the authentic ones; therefore the monitoring of receiver 
power measurements via the observation of the AGC level 
variation can provide an evidence of the presence of RFI [9]. 

In a GNSS receiver, assuming no interference, the AGC 
level exclusively depends on the ambient noise environment 
rather than the signal power as the received signal power 
level is below of the thermal noise floor [8]. In case of an 
unlikely presence of interference, the AGC level drops 
sharply in response to increased power in the GNSS band. In 
this sense, the variation of the AGC level can be used to 
indicate the presence of interference [10]. 

 

Fig. 1. Typical signal processing chain of a GNSS receiver 

C. ADC bin histogram 

Some GNSS receivers deliver measurements of the ADC 
bins histogram, which can be also used for the purposes of 
RFI detection [16]. The ADC bin histogram can be seen as a 
discretized representation of the Probability Density 
Function (PDF) of the amplitude of the signal at the ADC 
input. In an interference-free case the ADC input is 
dominated by the thermal noise and the amplitudes of the 
signal should follow the Gaussian distribution. In the case of 
interference, the form of the ADC bin histogram starts to 
deviate from the Gaussian one and a corresponding test 
metric can be formed to detect this deviation. 

D. PSD monitor 

The spectral monitoring is an interference detection 
technique at precorrelation level. It works in the frequency-
domain via wave analysis methods applied on the GNSS SIS 
received at the GNSS receiver antenna. 

In nominal condition, the power level of the GNSS SIS, 
captured at the antenna level, is below the thermal noise that 
it is assumed to be white over the whole digitization 
bandwidth. In free-interference condition, the spectral 
estimate of the signal, just after the receiver front-end, is 
given by the equivalent transfer function of the front-end, 
multiplied by the variance of the noise that passed through 
the analog front-end [1]. Therefore, an interfering signal 
characterized by a power level bigger than the noise power 
level could be detected using properly the spectral estimate 
of the signal in output of the receiver frond-end. In 
particular, this spectral estimate is compared with a spectral 
mask defined in nominal free-interference condition.  

The spectral estimate is the computation of the Power 
Spectral Density (PSD) of the GNSS received signal. At this 
aim, several methods can be used such as normalized Fast 
Fourier Transform (FFT) or periodogram methods. The 

result of the power spectral monitoring is affected by the 
antialiasing filter built in receiver front end and used to 
attenuate the frequency components greater than the half of 
the sampling frequency at a level below the dynamic range 
of the Analog-to-Digital Converter (ADC). Otherwise, these 
last would appear as a signal at frequency lower than the half 
sampling frequency.  

In particular, the parameters of the antialiasing filter of 
interest for the spectral estimate are the Amplitude/Gain 
flatness and the Flatness frequency. The Gain Flatness is the 
maximum variation of the filter gain in the passband. In a 
real filter, unlike what happens for ideal filter, the gain in the 
passband is not constant but it fluctuates with respect to the 
nominal gain up to a maximum value (Fig. 2) 

 
Fig. 2. Amplitude/Gain Flatness example 

This parameter is important since the filter changes the 
frequency components amplitude of the signal in input. 
Therefore, the spectrum of the GNSS SIS received at the 
antenna level and incoming into the filter is different from 
the outgoing signal that it is also the estimated spectrum 
through Welch’s method. In general, the amplitude flatness 
has to be as small as possible in order to have a power 
spectral density estimation as close as possible to the true 
one. 

The cutoff frequency is the boundary between the passband 
and the transition band and the attenuation is -3dB (or half-
power bandwidth) respect with the maximum nominal gain 
in passband. 

As depicted in Fig. 3, the power drops sharply in the range 
between the fflatness and the cutoff frequency, where fflatness is 
the frequency in which the gain is below the gain flatness.  

Considering the above, the flatness frequency has an 
important role in the identification of true measurement 
bandwidth for the power spectral density computation. 

 

Fig. 3. True measurement bandwidth example 



IV. MULTIPATH AND NLOS DETECTION TECHNIQUES 

In general, the detection techniques presented in the 
literature have as ultimate goal the exclusion or mitigation 
of the multipath and NLOS in order to make the receiver 
more robust. In our case, we are interested in detection 
techniques as sensitive as possible so that we can classify 
and therefore protect against areas with possible risk of 
these threats. Nevertheless, the detection techniques found 
in the literature can be also used for the track area 
classification, just with some additional considerations that 
we will mentioned in Section V and VI. Furthermore, as the 
classification process do not necessary requires real time 
processing, some more techniques are available and can be 
studied. This section reviews some potential techniques for 
the detection of multipath and NLOS for the classification 
process.  

A. SQM Techniques 

Similar to the detection of radio frequency interference, the 
observation of the form of the PRN code correlation 
function can be also beneficial for detecting the effect of 
multipath propagation. In order to detect the presence of 
strong multipath echoes the signal quality monitoring 
approach makes use of multiple correlators placed at 
different early-late spacing values. The SQM test metrics 
are formed then from the correlator outputs in order to 
assess the symmetry of the correlation function as well as 
the difference in the steepness of the early and late slope of 
the function [2][3][4]. 

B. Pseudorange Monitors 

Pseudoranges are the primary measurement that is used for 
the computation of position. Therefore, the presence of a 
multipath or NLOS signal component will corrupt already 
the pseudorange measurement. Local detection techniques 
can be therefore already designed to analyze the presence of 
these threats at the pseudorange level. Most common 
techniques include: 

• Pseudorange vs smoothed pseudorange 
• Code-minus-Carrier (CmC) 
• CmC difference (CmCD) 

A smoothed pseudorange targets to remove the low-pass 
components of the pseudorange measurements. That is 
mainly the noise and multipath. By comparing a smoothed 
pseudorange with the raw pseudorange, we could isolate the 
sudden presence of a NLOS signal or a sudden multipath 
component that drives the correlators away from the LOS 
signal. Some limitation of this technique is the fact that in 
order to perform some smoothing, we need the availability 
of several epochs continuously, which may be difficult to 
obtain in railway scenarios. 

The difference between pseudorange and carrier-phase 
measurements can be used as an observable (commonly 
referred as code-minus-carrier (CmC)) for the multipath 
error, thermal noise error plus ionospheric error. This is due 
to the fact that the range, satellite and receiver clock biases 
and tropospheric delay are common to both measurements 
[12]. The ionospheric error cannot be directly removed since 
it affects with different sign each of the measurements. If 
the goal is to isolate the multipath error, the ionospheric 
error can be removed by using SBAS, by estimating the 

ionospheric error in post-processing with a curve fitting or 
by using dual-frequency measurements. This technique of 
pseudorange multipath isolation also relies on the fact that 
the thermal noise and multipath error manifestation in 
carrier phase measurements is negligible with respect to 
code phase measurements. The main limitation of this 
technique is the difficulty to isolate completely the 
multipath or NLOS signal component from the ionospheric 
and the carrier phase integer ambiguity that is still present in 
the observable. 

Due to the limitations of performing most of the analysis in 
post-processing and the difficulty to model correctly the 
effect of the subtraction of the mean to the data to get rid of 
the integer ambiguity, another technique based on the time 
difference of the CmC can be also used as decision metric: 

1 1

1

n n n n
n

n n

dz
t t

ρ φ ρ φ− −

−

− − −
=

−
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where the subscript n refers to the time epoch. By taking the 
time difference of the CmC, and assuming that no cycle slip 
has occurred, we eliminate the integer ambiguity term. So 
that: ݀݊ݖ = ሶܫ2 + ሶߩ݉ + ሶߩߝ , 

 

(4) 

where I is the ionospheric divergence rate, mρ is the 

multipath rate and ρε is the difference of the receiver noise 

at the two epochs. Due to the nature of multipath and its 
short temporal and spatial correlation with respect to the 
ionospheric divergence rate, the presence of an area with 
high multipath will produce fast changes in the dzn 
estimator. Notice that a smooth version of this difference is 
normally used as Code/Carrier Divergence (CCD) monitor 
in GBAS. In GBAS, smoothing is applied because the 
purpose of the monitor is to detect ionospheric fronts which 
are low frequency effects and therefore the interest relies on 
low pass filtering the measurements to reduce the noise 
level. In our scenario however, we are interested in the 
medium/high frequency of the multipath, and therefore we 
won’t consider initially any smoothing of the differentiated 
CmC.  

Both presented test (i.e. CmC and CmC difference) follow a 
Gaussian distribution and therefore suitable thresholds can 
be easily defined taking into account the expected variance 
of the distribution in the nominal case and given a certain 
probability of false alarm. 

C. CN0 Monitors 

The Carrier-to-Noise (CN0) ratio is a value that is available 
in commercial receivers and can therefore be used as an 
observable for the presence of an interferer [10]. 
Furthermore, relying on the principle that multipath may 
affect constructively or destructively in different 
frequencies, the comparison of CN0 ratios on multiple 
frequencies can be also used for multipath detection [11]. 
The CN0 in nominal open sky scenarios is highly dependent 
on the receiver configuration and the satellite signal power 
at the reception. This latter has been traditionally identified 
and modelled with respect to the elevation angle of the 



transmitting satellite [12]. These effects and parameters 
must therefore be taken into account in order to set 
parametrically an appropriate threshold which indicates the 
case where the nominal error model for a specific GNSS 
local threat is applicable or not, and therefore if the threat 
impact is bounded or not. 

CN0 can be used as a criterion for NLOS/LOS detection. 
This requires the choice of a threshold that can be elevation-
dependent. Typical CN0 values in an L1 C/A code receiver 
are between 37 to 45dB-Hz.  The threshold will have to be 
chosen either theoretically or after a learning step in order to 
take into account the equipment used. One can found in the 
literature some examples of CN0 modelling of distribution 
that could be used as examples for multipath or NLOS 
detection based on CN0. 

Classical models are used to model SNR distributions under 
LOS and NLOS hypotheses respectively with Rician and 
log-normal distributions as in Fig. 4 [15] (cf. - Here the 
SNR is represented instead CN0 but both indicate the signal 
strength of the different satellites they are tracking). The 
distribution can also be refined as a function of the satellite 
elevation [16]. 

 

Fig. 4. The LOS/NLOS satellite channels were modelled according to 
Rician/log-Normal distributions (a. source: [15], b. source: [16]) 

D. Residual-based test 

The analysis of the residuals generated after the computation 
of the position and time solution in GNSS has been 
extensively used as a fault detection method in many 
different transportation systems [22]. This test is part of the 
analysis performed in Receiver Autonomous Integrity 
Monitoring in civil aviation in order to assess the level of 
trust (i.e. integrity) of the system in a determined situation. 
In our situation, we will just use this fault detection 
mechanism as an additional test that can potentially detect 
the presence of NLOS pseudorange measurements. 

As previously introduced, this test is based on the 
construction of the residual vector as main observable. The 
positioning problem can be expressed by the following 
measurement equation: ܢ = ܠ۶ + ઽ,  

(5) 

where z is the normalized pseudorange measurement vector, 
x is the 3D position and time, H is the geometric matrix that 
projects the position and time to the measurement domain, 
and Ɛ is the normalized noise associated to the 
measurements. 
A least-square estimator of x is found by: ܠො = ൫۶۶܂൯−૚۶܂ᇣᇧᇧᇧᇤᇧᇧᇧᇥ܁  .ܢ

 

(6) 

And the residual vector r can be extracted as: ܚ = ሺ۷ −  (7)  .ܢሻ܁۶

A test statistic can be derived with the square of the 
residuals: q =   .ܚ܂ܚ

(8) 

In a fault-free situation, the test q follows a central chi-
square distribution with n-m degrees of freedom, where n is 
the number of measurements and m is the number of 
estimated parameters (i.e., in this case 4). In case of the 
presence of some type of faults in the pseudorange 
measurements, the test will follow a non-central chi-square 
distribution. In order to perform the test, a threshold can be 
computed from the inverse cumulative density distribution 
given the degrees of freedom and a given probability of 
false alarm.  

Note that this test does not give any particular information 
about the mode or the source of the fault. Since in the 
railway environment the fault modes could have in principle 
any profile (i.e., single and multiple/simultaneous faulty 
measurements with different magnitudes), it is not possible 
to isolate the faulty measurements without making very 
strong and possibly unrealistic assumptions. Therefore, this 
detection method should be used in this context as an 
additional source of information about the environment and 
its results should be always contrasted with other 
techniques. 

E. Inertial sensor Monitor 

An inertial measurement unit (IMU) provides with 
information about the dynamics of the vehicle (i.e., specific 
forces and angular rates) that can be integrated in order to 
obtain velocity and position solutions given an initial point. 
Since the IMU measurements are independent from GNSS, 
the inertial solution can be “compared” with the GNSS one 
to detect problems in the GNSS solution. A more typically 
way of coupling GNSS with inertial is with a Kalman filter. 
In there it is possible to couple the inertial sensor directly 
with the pseudorange measurements. In a similar way of the 
previous residual-based test, the Kalman filter can produce a 
residual observable (commonly known as innovation) from 
the difference between the inertial predicted position and the 
current pseudorange measurements. A test can be derived 
based on the innovation sequence, providing a higher 
sensitivity to GNSS multipath and NLOS signals due to the 
short term accuracy that the inertial sensor can provide [23]. 

F. Camera Monitor 

As propagation of GNSS signal reception can be described 
based on the Optical geometry laws, satellite visibility in its 
optical sense gives good information on line-of-sight 
signals. Indeed, a signal received directly is received when 
the path between the satellite and the receiver is performed 
over the direct visibility line; it means that nothing 
interrupts the reception between us and that the propagation 
time of the signal will allow the optimal estimation of the 
distance performed. The limit between obstacle and direct 
visibility area corresponds to the optical horizon line.  

Thus, NLOS detection can be performed based on 
information collected on the surroundings of the antenna 



with the use of an embedded camera pointing the sky, in 
order to identify the surrounding obstacles. With such a 
solution, the images are acquired with a camera placed 
along a vertical axis on the top of the train, close to the 
receiver antenna. Contrary to the use of 3D models where 
the user position has to be defined in the model, the 
acquisition point is close to the antenna and requires no 
additional operation. As the train path are predetermined, 
constrained by the tracks one single run is required for 
image acquisition. With images, at each instant t, and when 
images and GNSS data are recorded with synchronization 
solutions, positions of the satellites received can directly be 
compared to masking elevation angles detected by image 
processing in order to determine whether they are received 
directly. 

This process has been used previously in the projects 
LOCOPROL, CAPLOC [14] and more recently, in the 
RHINOS project as a long term investigation area, cameras 
are also used for environment modelling [15]. 

V. CONSIDERATIONS FOR DETECTION METHOD SELECTION 

The detection techniques proposed in this paper result of 
discussions between GNSS requirements and railway 
operation constraints. The classification process must be 
cost effective and based on techniques with a certain level of 
maturity that do not introduce a high level of complexity. In 
the same sense, the measurement equipment must be non-
intrusive with respect to the vehicle. Because of these 
requirements, the primary equipment under consideration 
shall then be composed of a GNSS receiver offering multi-
frequency raw data and a spectrum analyzer. In Table I, it is 
reported the summary of the different techniques currently 
under consideration in terms of different aspects like 
complexity and sensitivity to different local GNSS threats. 

A several step approach has been chosen in order to evaluate 
the benefits of detection based on GNSS raw data. In a 
further step, data coming from other sources such as inertial 
sensors and a camera will be used to complement the 
detection techniques. 

VI. DISCUSSIONS AND NEXT STEPS IN ERSAT GGC WP4 

In this paper, we have presented different techniques for 
local GNSS threat detection that can be found in the 
literature and have some level of technology maturity so that 
they can be considered for a future railway standard process. 
However, the context of the threat detection techniques is 
normally slightly different from the purpose presented in 
this paper. Whereas these techniques are normally used in 
the final GNSS receiver in order to guarantee as much as 
possible the integrity of the position solution and therefore it 
is used as a countermeasure, within the context of ERSAT 
GGC project, the main goal is the classification of track 
areas as suitable or not suitable for placing virtual balises. In 
this sense, there are several remaining challenges that 
prevent these detection techniques from being completely 
suitable for the survey process. 

The detection techniques should satisfy therefore that the 
final Virtual Balise Transmission System must not 
experience a GNSS measurement behavior due to local 

threats worse than the receiver and techniques used for the 
classification if used in the same conditions. This is 
especially critical since there is not available currently a 
definition or specification of a railway receiver MOPS. The 
detection techniques and the parameters used in order to 
extract the observables shall be designed in such a way that 
the results bound in a worst case sense the performance of 
any receiver with other parameters. 

Next steps of work in this objective is the development and 
assessment of the here mentioned techniques on known and 
representative datasets. Apart from the local threats, the VBs 
shouldn’t be placed in locations where we can expect a 
limited number of visible satellites. Therefore, the 
classification process will also take into account the 
detection of areas with degraded GNSS performance. 

VII. CONCLUSIONS 

In the last years, GSA, ERA, ESA S2R and some 
railway IMs have setup innovation activities with the main 
objective to define and implement a common R&D 
framework where the evolution of the ERTMS/ETCS 
specification roadmap can be implemented. The 
introduction of the GNSS Positioning technology has been 
recognized as one of the main key contributors for the future 
signaling system/concept. 

In this context, the definition of the Virtual Balise 
Transmission System (VBTS) as one functional block of the 
new possible ERTMS/ETCS functional architecture has 
been started. Therefore, new ERTMS/ETCS specifications 
shall include the minimum performance, safety and 
operational requirements (MOPS) required for guaranteeing 
the interoperability among ERTMS constituents of different 
suppliers.  

Consequently, any On-Board subsystem will run safely on 
any Trackside subsystem, provided that they are both 
compliant with the new expected ERTMS specifications, 
and that the trackside has been designed and developed to 
enable the On-Board subsystem to manage GNSS system 
and local hazard causes and to protect the train. These 
protections work safely and properly only if the VBTS error 
models and the GNSS monitoring techniques, implemented 
in the VBTS to bound the virtual balise position errors, are 
valid along all the track areas where the train can run. 

ERSAT-GGC is the first project that addresses the aspects 
of the classification of the track areas, where VBs can be 
(logically) placed, to a priori prevent the risk of these 
unbounded position errors due to area environmental 
permanent properties with respect to sky visibility, 
multipath, NLOS, and in-band and near out-of-band 
interference. We think that the ERSAT-GGC project can be 
considered as the pioneer R&D project on this critical and 
important R&D topic. 
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GNSS Techniques comparison 

Detection Technique Input Data Targeted Local GNSS threat 
Receiver parameters  

to be considered 
Pros and Cons 

AGC monitor AGC value Radio frequency interference Receiver noise figure 

Low complexity; 
AGC values are not a part of 
standardreceiver messages, but often 
available as a part of the receiver 
status information 

PSD monitor 
I/Q samples or 
spectral information 

Narrowband or partial-band 
radio frequency interference 

Noise figure of recording 
system 

High complexity; 
Big amount of data to be stored and 
processed 

Test of PVT Residuals 
(RAIM like) 

Code- and Carrier 
Pseudoranges, 
Doppler 

NLOS, strong multipath tracking loops bandwidth and 
integration time: these affect 
the nominal ranging error 

Moderate complexity; 
Cost-effective 

Raw pseudorange minus 
Carrier-smoothed 
pseudorange 

Code pseudorange 
and carrier phases 

Receiver Noise and 
Multipath 

As above. Also, the 
smoothing time of the hatch 
filter. 

Low complexity 

Code-Minus-Carrier 
Divergence (CMCD)  

Code- and Carrier 
Pseudoranges 

Multipath 
 

tracking loops bandwidth, 
correlator spacing and 
integration time: these affect 
the nominal ranging error 

Low complexity; 
It can be performed in principle with 
any receiver. 

Observation of Carrier 
to Noise ratio (CN0) 

CN0 measured 
values  

Radio frequency interference, 
Multipath 
 

Receiver noise figure C/N0 values are available from almost 
any type of data formats, e.g. NMEA, 
RINEX, proprietary binary formats 

Variation of CN0 at 
different carriers 

CN0 measurements 
at multiple carriers 
(e.g. E1 & E5a) 

Multipath, 
Radio frequency interference 

Receiver noise figure Low Complexity 

Table 1 Summary of different techniques 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


