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Abstract— Exploitation of GPS based EGNOS and Galileo for 
safe train position determination within the modernised 
European Train Control System (ETCS) belongs currently 
among main priorities of the European joint GNSS and rail 
R&D.  It is obvious that only the effective use of the aviation 
EGNOS SoL service according to CENELEC railway safety 
standards has the potential to replace costly ETCS track-side 
balises with much efficient Virtual Balises. This paper deals with 
optimization and justification of the ETCS Virtual Balise (VB) 
safety requirements for GNSS with the intention to meet them 
preferably by means of existing single-constellation EGNOS V2. 
The optimization has been achieved through the Location 
Determination System (LDS) with the reactive fail-safety 
architecture. The applicability of EGNOS V2 for the ETCS LDS 
with a single-channel structure has been justified by means a so-
called Travelling Virtual Balise (TVB). It has been quantitatively 
demonstrated by means of the TVB that employment of EGNOS 
V2 together with rapid and independent EGNOS diagnosis based 
on safe ETCS odometry and other techniques is able to meet SIL 
4 requirement for the LDS at a system level. Galileo as a second 
constellation within future EGNOS V3 can be effectively used for 
the availability of integrity improvement.     

Keywords—Satellite navigation; GNSS; GPS; EGNOS; ETCS; 
Galileo; LDS; QZSS; SBAS; SDCM; SIL 4; WAAS; railway 
signalling;  safety-related systems; high-safety integrity; reactive 
fail-safety; composite fail-safety; travelling virtual balise  

I.  INTRODUCTION  

Nowadays it is generally believed that exploitation of 
Global Satellite Navigation Satellite System (GNSS) together 
with advanced mobile communications for signalling and train 
control will significantly improve safety and efficiency of 
railway operations. This is especially true for signalling 
solutions on low traffic lines and also on some long heavy 
haul lines where previously planned implementations of the 
European Train Control System (ETCS) with track balises 
have appeared as economically unrealistic. Moreover, there 
are currently visions that ETCS solutions based on GNSS will 
be installed on main corridor and high-speed lines as well.            

The very idea of combining satellite navigation and the 
ETCS for train localization purposes is not new. A mixed train 
position determination solution by means of ETCS track 

balises and virtual GPS ones has been already described in the 
nineties of the last century [1]. Before that, a series of tests 
focused on train position determination using GPS and DGPS 
had been performed mainly in the United States and Europe.  

On the 2nd March 2011, the European Geostationary 
Navigation Overlay Service (EGNOS) with its Safety-of-Life 
(SoL) Service was officially declared available for safety 
operations in aviation. EGNOS belongs to the family of wide-
area Satellite Based Augmentation Systems (SBAS), similarly 
as US WAAS [2], Japanese MSAT/QZSS, Russian SDCM. In 
spite of fact that SBAS with its SoL service was originally 
developed and certified for safety operations in aviation, it 
also represents a strategic infrastructure for safety-related 
systems in other modes of land transport [3], [4].  

Safe train Location Determination System based on GNSS 
and intended for the European Train Control System belongs 
among them. It is mainly due to fact that high investment and 
operational costs of the ETCS track balises used for safe train 
position determination discourage from further ETCS 
expanding not only in Europe, but also worldwide. Therefore, 
at present, the European Commission, institutions and railway 
industry strongly support replacement of physical balises with 
virtual ones based on EGNOS and Galileo. This intention is 
practically realised within several international ESA and 
H2020 projects, and also within numerous national R&D 
activities in the individual EU member states.   

However, only the efficient exploitation of EGNOS for 
railway signalling according to specific ETCS safety 
requirements, TSI, railway CENELEC safety standards [3]-
[9], etc. can bring applicable solutions. A clear LDS safety 
concept fully exploiting characteristic GNSS features within 
the virtual balise (VB) concept, such as provision of abundant 
train positions in time, is the basis for derivation of the 
realistic ETCS safety requirements for the EGNOS SoL 
service. It is evident that rapid and independent diagnosis of 
excessive EGNOS errors significantly contributes to 
achievement of the required Tolerable Hazard Rate (THR) for 
the ETCS virtual balises and also for the GNSS LDS.  

Basic safety requirements for the train location 
determination function based on GNSS were specified within 
the ESA 3InSat project (2012-2015) [10], [12]. It was found 
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that THR for Signal-In-Space (SIS) should meet 1e-8/ 1 hour 
(SIL 4) and the maximal Confidence Interval in the position 
domain should not exceed 14 m for the most demanding 
ETCS operational scenarios. In order to meet the specified 
safety requirements, the dual-constellation EGNOS-R / SBAS-
R interface  for EGNOS V3 has been proposed [11], [12].  

However, multi-constellation/ multi-frequency EGNOS V3 
is expected to be available as lately as in 2022 and the current 
pressure for signalling and train control solutions based on 
GNSS is continually growing. Moreover, there is still a will to 
employ existing EGNOS V2, which has been once certified 
for aviation, for railway signalling as well. That's why new 
ways and methods enabling efficient exploitation of single-
constellation EGNOS V2 in railway sector are still 
investigated.  

This paper deals with the harmonization of the ETCS and 
aviation safety integrity requirements for the GNSS SoL 
service with the intention to meet the safety requirements 
using a single-constellation SBAS. In contrast to the recently 
applied composite fail-safety principle within the multi-
constellation EGNOS-R railway interface for EGNOS V3, 
here in this paper the main attention is focused on the 
utilization of reactive fail-safety, which can be implemented 
using rapid and independent diagnosis of the provided 
EGNOS PVT solutions.  It has been assessed that reactive fail-
safety would enable to increase the required ETCS THR for 
EGNOS SIS from 1e-8/ 1 hour to about 1e-7/ 1 hour or even 
less. The increase in THR for SIS corresponds to the change in 
Safety Integrity Level (SIL) from SIL 4 to SIL 3.  

Safe train position determination within the ETCS is 
outlined in Section II. Basic fail-safe principles applicable in 
railway safety-related systems compliant with SIL 3 and SIL 4 
and their relation to the mono/multi-constellation LDS 
solutions are described in Section III. Section IV. outlines the 
apportionment of Tolerable Hazard Rate for the ETCS virtual 
balise. The applicability of EGNOS V2 for the ETCS LDS 
reactive fail-safety architecture is justified by means a so-
called Travelling Virtual Balise (TVB) in Section V. The 
SBAS THR apportionment within the LDS with the reactive 
fail-safety architecture is outlined in Section VI.  Section VII. 
summarises basic features and benefits of the TVB. Finally, a 
promising method for detection and identification of excessive 
errors due to local effects by means 3-dimensional (3D) track 
map is outlined in Section VIII. 

II. SAFE TRAIN POSITION DETERMINATION FOR ETCS 

In order to demonstrate the positive impact of the GNSS 
diagnosis on the ETCS safety integrity, a train position 
determination function within the ETCS using classical track 
balise groups and virtual balises is outlined first. 

The classical ETCS track balise group, also called 
Information Point (IP), which shall be compliant with SIL 4 
(λIP of 1e-9/1 hour) [5], determines together with the ETCS 
on-board balise reader, a so-called Balise Transmission 
Module (BTM),   the absolute position of train. The ETCS 
odometry (SIL 4) provides the instant speed of train and the 
relative distance from the Last Relevant Balise Group (LRBG) 

including its Confidence Interval (CI). The train position, 
velocity and other data are reported via radio (GSM-R) to the 
track-side Radio Block Centre (RBC). One of the important 
odometry functions is called linking of balises via the relative 
distance measurement. It is in fact the independent diagnosis 
of balises and on-board unit (ONB) because it enables 
detection of a deleted (missing) balise, incorrectly inserted 
balise or an ONB fault.  

In case of the virtual balise concept the absolute position of 
train is determined using the LDS based on GNSS. The instant 
position of the train is compared with the position of virtual 
balises whose coordinates stored in the on-board European 
Vital Computer (EVC) and in RBC. If the actual GNSS train 
position together with the relevant Confidence Interval (CI) 
match with a virtual balise stored in the database, then the VB 
is considered as the Last Relevant Virtual Balise (LRVB). The 
odometry together with the track database perform two 
following functions: 1) diagnosis of the consecutive virtual 
balises using linking with its direct positive impact on the 
desirable reduction of the safety integrity requirement for the 

 

 
Fig. 1.  Safe train position determination using: (a) ETCS track balise 

                    groups, and (b) GNSS based Location Determination System. 

GNSS  LDS – i.e. GNSS  THR increasing, and also 2) 
provision of the relative train position from LRVB if GNSS 
SIS is temporally unavailable due to SIS service outages or 
SIS shadowing in a harsh railway environment. 

The above described virtual balise concept copies in fact 
the ETCS train position determination function using track 
balise groups. Now it should be said how ETCS can profit 
from GNSS.   Let’s compare for this purpose the diagnosis of 
position determination in case of the track balise based ETCS 
and diagnosis for the ETCS VB concept. 



 
 

   As it is evident from Fig. 1(a), the ETCS on-board unit 
ONB  is able to perform fault diagnosis of physical balise 
groups (BGs) and also its own diagnosis only in locations of 
the BGs. It is possible thanks to BG linking because  position 
of next BG with respect to the Last Relevant Balise Group 
(LRBG) position is known to the ONB and the correct BG 
detection can be validated using a so-called Expectation 
Window (ExW). The ExW includes all potential uncertainties 
due to odometry and BG position errors. However as it is 
depicted in Fig. 1 (b), GNSS LDS is naturally able to perform 
its fault diagnosis also in the vicinity of virtual balises or on 
the whole track section between virtual balises, depending on 
SIS visibility.  

Safe GNSS train position determination also available in 
locations between VBs is needed for LDS initialization in 
Staff Responsible (SR) mode. The former THR requirement 
for GNSS LDS of 3e-8/ 1 hour [12] was derived just for  SR 
mode. However this THR requirement was still quite 
demanding due to the applied relatively long average time to 
fault detection (36 s) resulting from the infrastructure model 
for conventional lines. 

The abundant GNSS train positions outside of the VB 
vicinity are not in fact needed under normal operation (after 
LDS initialization) for train position reporting to RBC because 
it is provided by means of the relative distance measurement 

  
 

 
 

Fig. 2.   Exploitation of GNSS train positions within VB concept. 

from the Last Relevant Virtual Balise (LRVB) – see Fig. 2. 
However it is evident that these abundant GNSS positions 
together with the odometry data can be effectively used for the 
GNSS diagnosis and it can finally lead to reduction of safety 
requirements for the GNSS based LDS. 

III. SINGLE AND MULTI-CONSTELLATION SBAS FOR ETCS  

Railway safety related systems to be compliant with SIL 3 
or SIL 4 must ensure that they will remain safe in the event of 
any kind of single random HW fault. This principle is known 
as fail-safety and can be achieved by means of the following 
techniques [9]: inherent fail-safety, composite fail-safety or 
reactive fail-safety. It is evident that implementation of these 
techniques not only determines which level of LDS safety will 
be achieved, but also how efficiently GNSS will be used 
within the LDS. The applicability of the individual fail-safety 
techniques within the GNSS LDS is analysed below.          

The inherent fail-safety technique allows a safety-related 
function to be performed by a single channel, provided that all 

the credible failure modes of the channel are not hazardous. It 
would be very difficult or impossible to make such evidence 
in case of complex SBAS and therefore inherent fail-safety is 
not further considered for the SBAS based LDS.   

 
Fig. 3.  Principle of LDS based on dual-constellation EGNOS 
                 and composite fail-safety.  

The composite fail-safety technique allows a safety-related 
function to be performed by at least two independent channels. 
Hazardous fault in one channel shall be detected and negated 
in sufficient time to meet the required THR. The fault is 
detected by the comparison of the output values of these two 
or more channels, or also by means of an additional 
independent diagnosis.  This technique has been already 
employed in case of the above mentioned dual-constellation 
EGNOS-R interface [11], [12] - see Fig. 3. The EGNOS-R 
interface (see Fig. 4) was mainly proposed with the intention 
to meet THR of 1e-8/ 1 hour (SIL 4) for Signal-In-Space and  

 

Fig. 4.  Dual-constellation EGNOS-R interface for ETCS. 

simplify the required safety case and certification according to 
railway CENELEC safety standards. It was found that 
introduction of EGNOS-R also enables to reduce the EGNOS 
Confidence Interval (CI) magnitude in the position domain 
[11]. 

Finally, the reactive fail-safety technique allows a safety-
related function to be performed by a single channel, provided 



 
 

its safe operation is assured by fast detection and negation of 
any dangerous fault. The existing single-constellation SBAS 
itself can be considered as a system with reactive fail-safety, 
because the safety function is performed by the GPS and its 
correctness is checked by the SBAS infrastructure – see Fig. 5. 
Nevertheless, the standalone SBAS is not yet able to meet the 
ETCS SIL 4 requirement for train position determination. 
Excepting this the position determination function must also 
meet the required integrity level in case of local effects, such 
as multipath, EMI, spoofing, etc. against which SBAS does 
not protect. That's  why the  SBAS fault diagnosis  must  be 

 
 

Fig 5.  Single-constellation SBAS and odometry 
     as LDS with reactive fail-safety. 
 

completed with an additional independent fault diagnosis 
realised e.g. using safe ETCS odometry (SIL 4), 3-
dimensional track database (SIL 4) and other relevant 
techniques.     

Markov model of the LDS based on single-constellation 
SBAS and reactive fail-safety is depicted on Fig. 6.  

 

Fig. 6.   Markov model of LDS based on SBAS 
                                   with reactive fail-safety architecture. 

The following four system states are defined for the model: 

• P0 – Fully functional LDS state: both SBAS and 
independent SBAS diagnosis work well 
according to the specifications; 

• P1  –  Safe faulty LDS state: SBAS is faulty and rapid 
diagnosis is functional; 

• P2  – Fail-safe state of the LDS: SBAS fault was 
detected and negated; 

• P3  –  Hazardous LDS state: Independent diagnosis of 
SBAS is faulty. Note: Although SBAS is 
functioning properly according to the 
specifications, the LDS is in a dangerous state.  

The corresponding time-dependent LDS state probabilities can 
be derived from the model as follows: 

P0 (t)= 1/exp(t*(HRSBAS + HRDiag))                          (1) 

P1 (t)= -(HRSBAS*(1/exp(t*(HRSBAS + HRDiag)) –  

            -1/exp(µ*t)))/(HRSBAS + HRDiag - µ)                          (2) 

P2 (t)= (HRSBAS*(HRSBAS + HRDiag - µ +  

          +µ/exp(t*(HRSBAS + HRDiag)) –  

          -HRSBAS/exp(µ*t) - HRDiag /exp(µ*t)))/ 

           /((HRSBAS + HRDiag)*(HRSBAS + HRDiag - µ))              (3)                

P3 (t)= -( HRDiag *(1/exp(t*(HRSBAS + HRDiag)) - 1))/ 

           /(HRSBAS + HRDiag)                                                      (4) 

where  HRSBAS – Hazard Rate of SBAS per 1 hour, HRDiag - 
Hazard Rate of SBAS independent diagnosis, µ - rate of 
diagnosis and fault negation. P1(t) is the safe faulty state 
probability in case of SBAS failure. Since (HRSBAS+ HRDiag)  
is much smaller than µ, then (2) can simplified by as follows  
  
  P1 (t) ≈ -HRSBAS[1-0]/( HRSBAS+ HRDiag - µ)= 
            = HRSBAS/ µ= HRSBAS× TD                           (5) 

where TD is time to fault detection and negation, which is also 
sometimes called Safe Down Time (SDT) [9].  It is evident 
from (5) that P1 (t) depends on TD (i.e. on 1/ µ) and is no 
longer dependent on the time t. This relation is also depicted  
in Fig. 7. It also means that the corresponding Hazard Rate 
during 1 hour long mission can be expressed as  HRSBAS× TD × 
1 hour-1. It is used for derivation of the ETCS THR 
requirement for SBAS in Section V.  

At least two independent GNSS constellations are needed 
for composite fail-safety to achieve the required level of LDS 
safety. It seems it might be much easier to employ the 
composite fail-safety principle using multi-constellation SBAS 
because the safety evidence can be performed on high system 
level and it is generally much simpler than for reactive 
systems [13]. It is because the safety evidence of reactive 
systems shall be performed on individual component level 
according to the standard EN IEC 61508.   



 
 

 

 
                      Fig. 7.  Probability of virtual balise failure  
                                  as a function of  HRSBAS and TD.   

On the other hand multi-constellation SBAS is more 
complex than singe-constellation one and its development 
currently faces different technical problems. Further, SBAS 
SIS availability can be limited in case of composite fail-safety 
in the favour of higher safety integrity. The SBAS architecture 
with composite fail-safety is also not in line with the aviation 
multi-constellation SBAS concept. The safety integrity of 
current SBAS is sufficient for LPV-200 operations and it is 
expected that the main benefit of the multi-constellation/multi-
frequency SBAS will consist in the significant availability of 
integrity improvement for aviation. Therefore, re-evaluation 
ETCS safety requirements [10], [12] for GNSS SIS (THRSIS of 
1e-8/ 1 hour, SIL 4, and CI=14 m) seems desirable. If it were 
possible to meet the updated THR requirements for GNSS SIS 
with a single-constellation SBAS, then Galileo and other 
GNSS constellations within the multi-constellation SBAS 
might be used for SIS availability improvement – similarly as 
it is intended for aviation.  

The Annex B of the EN50129 standard [9] is related to 
architectures, techniques and measures to avoid systematic 
faults and control random and systematic faults to the different 
Safety Integrity Levels 1-4. The tables in the Annex B 
describe various techniques and measures against the SILs.    
However no difference results from the B-tables in the Annex 
B for SIL 3 and SIL 4. Further, criteria for selection of 
techniques and measures regarding SW for safety-related 
systems are contained in the Annex A of the EN50128 
standard [8]. Again, no difference results from the A-tables for 
SWSIL 3 and SWSIL 4. We can say that techniques and 
measures for the railway safety-related systems for avoidance 
of systematic faults and control of random and systematic 
faults are the same for SIL 3 and SIL 4. Thus the only 
difference between SIL 3 and SIL 4 is at the system level 
where Tolerable Hazard Rate per hour and function for SIL 4 
is lower. The quantitative analysis can only distinguish the 
compliance of the GNSS based train position determination 
function with SIL 3 or SIL 4.  

In case of SBAS the Design Assurance Level (DAL) is 
used as a safety measure. SIL 3 corresponds to DAL B 
(Hazard Rate of 1e-7/ 1 hour) and SIL 4 to DAL A (Hazard 
Rate of 1e-8/ 1 hour). For example, the EGNOS Central 
Processing Facility shall be compliant with DAL B. The above 
relations between SIL 3 and SIL 4 and also relations between 
SILs and DALs can be used for design of the high-level LDS 
architecture with reactive fail-safety, but finally detailed 
SBAS analysis according to railway safety standards will be 
required in any case.         

The following conclusion results from the above analysed 
LDS fail-safe solutions: while composite fail-safety was 
mainly used for SBAS safety integrity improvement to meet 
demanding ETCS safety requirements for the LDS, then 
reactive fail-safety implemented in the LDS is indented for 
reduction of ETCS safety requirements for SBAS. The 
reactive LDS solution based on existing aviation SBAS SoL 
service is described in more details in sections below.    

IV. TOLERABLE HAZARD RATE FOR VIRTUAL BALISE 

The ETCS Tolerable Hazard Rate (THR) requirements for 
virtual balise and GNSS LDS were derived by means of the 
ETCS Core THR allocation as it is outlined in Fig. 8. The 
ETCS Core THR of 2e-9/ 1 hour/ train is equally allocated to 
all ETCS onboard equipment (1e-9/ 1 hour) and all ETCS 
track-side equipment. Then THR related to Balise 
Transmission hazard THRBTX of 0.67e-9/ 1 hour was 
determined [5] - see Fig. 8. THRBTX was further sub-allocated 
to different track Information Point (IP) failure modes, such as 
balise deletion (THRBTX Deletion < 3.3e-10/ 1 hour), balise  

 

      Fig. 8.  ETCS Core THR allocation to THR for virtual balise. 

insertion (THRBTX Insertion < 3.3e-10/ 1 hour), and balise 
corruption (THRBTX Corruption < 1e-11/ 1 hour) [5], [6]. Since 
GNSS position is determined on board of train, then only two 
following failure modes for virtual balise  were analyzed: 
virtual balise deletion, and virtual balise insertion [12]. 



 
 

These two VB failure modes can be described as:    

• Virtual Balise Deletion - means an event, when the 
VB (i.e. virtual IP) was not determined by means of 
on-board GNSS LDS. It can happen due to: 1) 
excessive latent LDS error (wrong position), or 2) 
absence of train position in the GNSS LDS output. In 
both cases no VB is detected within the Expectation 
Window (ExW) provided by the odometry.  

• Virtual Balise Insertion - means an event when a 
wrong virtual balise is determined due to wrong 
GNSS LDS position.  

Since both VB failure modes are caused by a wrong GNSS 
LDS position (i.e. incorrect or no position), and diagnosis for 
both failure modes is provided by rapid and independent 
diagnosis in GNSS service volume, then the total THRBTX of 
0.67e-9/ 1 hour was taken as THR for virtual balise, i.e. 
THRVB = 0.67e-9/ 1 hour. THRVB  will be further used for 
derivation of the ETCS THR requirement for GNSS, i.e. 
THRGNSS (THRSBAS). In next section derivation of THRGNSS 
for the virtual balise insertion/ deletion is described.         

V. DERIVATION OF TOLERABLE HAZARD RATE FOR GNSS   

The classical ETCS requires both track balises and on-
board equipment (ONB) for safe train position determination. 
On the other hand GNSS estimates the position on board of 
train. Let us assume that λONB is the rate of occurrence of 
ONB being unable to detect a correctly working ETCS 
Information Point (IP). If linking of IPs is active, then the 
duration of ONB failure corresponds to the time interval TL 
between two successive IPs marked as linked. Further if the 
average speed of train is v and the linking distance DL, then 
the probability of ONB failure causing the IP deletion is 

   
                      Pf, ONB  = λONB × TL = λONB × (DL/v)           (6) 
 
There is no safety requirement in respect of not being able to 
detect an information point when IP linking is active [5]. As 
lately as two expected consecutive IPs announced by linking 
are not detected by on-board in the expectation window, 
measured from the Last Relevant Balise Group (LRBG), the 
on-board vital computer shall consider the linking command 
of the second IP as a command to apply the service brake. 
Then the hazardous failure rate of ONB corresponding to the 
deletion of any IP met during 1 hour long mission is 

                         HR ONB = λONB × (2×TL) ×1 hour-1               (7) 

In order to check the ONB functionality even before the 
detection of a regular and properly working BG by the ONB, 
an additional hypothetical “testing” BG can be placed on the 
track ahead of the regular BG in the direction of movement 
from the LRBG – see Fig. 9. A much shorter ONB failure 
duration TD is achieved in this case. Then (6) can be then 
modified as   

                               Pf, ONB  = λONB × TD                          (8) 

 

 

         Fig. 9.  Diagnosis of ETCS on-board unit using “testing” BGs. 

and the corresponding ONB hazardous failure rate per mission 
(1 hour) is     

  HRONB  = λONB × TD × 1 hour-1          (9) 

The hazardous ONB failure rate (9) due to IP deletion can be 
thus reduced with respect to (7) significantly. It is evident that 
installation of the additional “testing” BGs on a track would 
be very inefficient. Nevertheless, this reactive fail-safety 
principle can be easily implemented in case of the GNSS LDS. 
The “testing” BG is simply replaced by a so-called Travelling 
Virtual Balise (TVB), as it is depicted in Fig. 10. 

The TVB is equivalent to LRBG or LRVB from viewpoint 
of safety integrity because it is a validated GNSS train 
position by the independent diagnosis. The TVB arises from 
the Last Relevant Virtual Balise as a subsequent validated 
train GNSS position generated just after LRVB is detected and 
further travels to the next virtual balise location in a given 
direction of movement. The TVB can also originate on a track 
section between VBs during LDS initialization.   

The detection function of the presence of an Information 
Point (IP) by ETCS on-board unit (ONB) is a critical function 
and this function is the most critical when IPs are employed in 
scenarios where linking is not used. It is e.g. during ONB 
initialization in SR mode or during entry into an ETCS area 
from unfitted area when wrong IP can be inserted or IP can be 
deleted. The ETCS THR requirement for GNSS must be 
derived using these scenarios considering that VB insertion 
can cause a more dangerous situation than VB deletion.       

 It is evident that the TVB can be utilized for the LDS 
diagnosis of the next VB from viewpoint of VB deletion or  

 

Fig. 10.  ETCS LDS concept with reactive-fail safety and justified 
                         using Travelling Virtual Balise. 



 
 

insertion failure modes in the same manner as the hypothetical 
static “testing“ BG is used in Fig. 9. The ETCS THR 
requirement for GNSS (i.e. THRGNSS) can be determined for 
the LDS start-up from the THR requirement for VB deletion 
or insertion per mission, i.e. THRGNSS VB of 0.67e-9 hour-1, 
(see Section IV.) as follows 

    0.67e-9 hour-1 = THR GNSS *TD*hour-1               (10)              

where TD is the duration of GNSS hazardous failure defined as 
the time interval between the two consecutive linked TVBs or 
linked TVB and next VB. Let‘s assume e.g. HR GNSS of 1e-7/ 
hour which corresponds to the SBAS Integrity Risk 
requirement for the aviation Non Precision Approach (NPA or 
En-route).  Then according to (10) the acceptable hazard 
duration TD due to VB deletion/insertion is      

         TD = 0.67e-9/ 1e-7 * 1 hour = 6.7e-3 hour = 24.12 s 

It should be noted that the allowed Horizontal Alert Limit 
(HAL) is quite large in this case, i.e. 0.3 nmi (556 m).    

The Signal-In-Space (SIS) Integrity Risk (IR) of 2e-7/150 
s for Precision Approach (PA) including LPV-200 operations 
is required in the vertical direction. Excepting this the SIS IR 
of 1e-9/150 s in the horizontal/ lateral (one dimensional) 
direction shall be also met for the aviation PA operations. It 
seems that the integrity (i.e. guarantee) of accuracy in the 
horizontal plane or in the track direction would be sufficient 
for signalling in case of the reactive LDS architecture.  
Nevertheless, three dimensional (3D) track map appears as an 
effective means for the independent diagnosis of SBAS, and 
therefore the IR of 2e-7/150 was conservatively selected for 
signalling. The corresponding SBAS SIS Hazard Rate is 
approximately 4.8e-6/ 1 hour. Then the allowed duration of 
SBAS failure can be estimated as      

          TD = 0.67e-9/ 4.8e-6 * 1 hour = 1.36e-4 hour = 0.50 s 

The HAL of 40 m and VAL (Vertical AL) of 35 m is required 
for LPV-200 operations, where the pilot’s decision height is 
200 feet (60 m) above the runway. The actual WAAS/ 
EGNOS accuracies (95%) in horizontal/lateral and vertical 
directions are typically better than 1.1 m and 1.5 m, 
respectively.  The real SBAS performance in terms of SIS 
integrity is better than required by aviation. Let’s consider the 
real EGNOS IR for of 6e-8/ 150 s for LPV I operations. Then 
the corresponding EGNOS SIS Hazard Rate is 1.44e-6/ 1 hour 
and the acceptable duration of failure TD of 1.44 s can be 
according to (10) estimated. If SBAS receiver with an output 
rate of 10 Hz will be used, then all the above calculated values 
of TD are realistic.   

VI. SBAS THR ALLOCATION WITHIN LDS   

The Tolerable Hazard Rate related to virtual balise failure 
due to its deletion or insertion, i.e. THRVB of 0.67e-9/ 1 hour, 
has been taken from the THRBTX requirement for Balise 
Transmission (BTX) failure for a single physical ETCS 
information point [5]. The THRBTX has been derived on the 
basis of the hazard analysis and risk assessment for the ETCS 

Level 1 and Level 2. The related ETCS core THR allocation to 
the BTX and GNSS LDS failures is outlined in [5]. The 
previously derived THR requirement for the GNSS LDS, i.e. 
THRGNSS LDS of 3e-8/ 1 hour has been mainly achieved at the 
expense of shortening of the spacing between VB to about 200 
m for LDS initialization [12]. The linking of GNSS train 
positions only at VBs locations was considered in that case.      

 
 

Fig. 11.  ETCS core THR apportionment to SBAS SoL service.  

The positive effect of the implemented reactive fail-safety 
technique into the ETCS VB concept on the relaxation of 
safety requirements for GNSS SoL service is evident from the 
ETCS core THR apportionment to GNSS SoL service 
depicted in Fig. 11. Hazard due to wrong GNSS position is 
mitigated by the risk reduction ratio of 1:2500. This ratio 
corresponds to the GNSS fault detection and negation time TD 
of 1.44 s which was estimated for the EGNOS SIS Hazard 
Rate of 1.44e-6/ 1 in Section V.  

Since the independent diagnosis of GNSS must be also 
able to detect excessive systematic errors due to local GNSS 
effects, against which SBAS doesn’t protect, then a Tolerable 
Hazard Rate related to odometry (diagnosis) should be 1e-10/ 
1 hour or less. The largest part of the THRSBAS value is 
allocated to GNSS SIS because the relatively high safety 
integrity of the on-board GNSS LDS (SIL 4) can be achieved 
by a multi-channel structure with composite fail-safety.             

VII. TRAVELLING VIRTUAL BALISE FEATURES AND BENEFITS  

The Travelling Virtual Balise (TVB) was introduced into 
the ETCS virtual balise concept with the intention to justify 
exploitation of the existing SBAS/EGNOS V2 SoL service for 
the train LDS to be compliant with SIL 4 at a system level. 
The TVB supports harmonization of the aviation and railway 
safety requirements for efficient use of the SBAS SoL service 
for railway safety-related systems. Further the TVB ensures a 



 
 

continuity in the ETCS balise concept evolution oriented from 
the classical ETCS platform with physical balises to more 
efficient virtual ones stored in the on-board unit and track-side 
RBC.     

The term TVB has been proposed to reflect the analogy 
between the ETCS (testing) track balise group and the virtual 
balise intended for fast fault diagnosis of the ETCS on-board 
unit. The adjective travelling means that geo-coordinates of 
the TVB are not a priori known. The TVB propagates on a 
track section between two subsequent virtual balises. The 
abundant GNSS train positions together with the odometry 
data on a track section between VBs completed with other 
diagnostic methods, e.g. pseudorange validation using 3D 
track map (see Section VIII.), etc. are used for the TVB 
validation for the required safety integrity. 

The TVB is the validated train GNSS position that meets 
the THR requirement for VB deletion or insertion, i.e. THRVB 
of 0.67e-9/ 1 hour. The diagnosis of both LDS ONB unit and 
GNSS Signal-In-Space mainly relies on TVB/VB linking. The 
TVB concept is fully consistent with the reactive fail-safety 
principle where the main channel (GNSS) itself may not meet 
safety requirements, but a diagnostic channel (odo+) must 
detect all dangerous failures so quickly that safety targets are 
met. This concept has the following features and benefits: 

• TVB enables to preserve or even enlarge virtual 
balise spacing with the respect to the maximum 
allowed ETCS BG spacing (2500 m) without any 
impact on the entire LDS safety;  

• TVB justifies exploitation of single-constellation 
EGNOS V2;   

• Introduction of  the TVB doesn’t influence the ETCS 
safety concept because the TVB is used in on-board 
unit only;  

• Temporal TVB unavailability doesn‘t influence 
safety of train position determination because safe 
ETCS odometry is used for the train position 
reporting from LRVB when required; 

• Additional GNSS constellations (e.g. Galileo) can be 
used for availability improvement.   

VIII. DETECTION OF ERRORS DUE TO LOCAL EFFECTS  

Reflection of a GNSS signal from surrounding objects or 
environment along a track (e.g. high-rise buildings, overhead 
lines, landscape, etc.) causes the signal to reach the GNSS 
receiver antenna by two  or more different paths. It is called 
the multipath effect and it can cause an excessive error in 
position of several tens of meters. Multipath belongs to GNSS 
local effects and thus differential GNSS techniques like SBAS 
or GBAS are not able to protect against it. This task may be 
much complicated by a harsh environment as railway is and 
especially during GNSS LDS initialization, i.e. when the first 
train position must be determined in stand-still and thus the 
ETCS odometry cannot be used in this case. To solve the 
problem of multipath for the ETCS and generally for 
signalling based on GNSS, a novel method enabling detection 

 
Fig. 12.  Detection of multipath Error on multiple  

     pseudoranges using 3D track map. 
 

and identification of an excessive multipath error in train 
position was developed. The idea of the multipath error 
detection method is based on the following assumptions: 

• Limited magnitude of multipath position error ( ±100 
m is assumed as a sufficient error bound); 

• Train trajectory  is known - 3D track map (SIL 4) is 
used;  

• At least two pseudorange measurements to two 
different Space Vehicles (SVs) used in the position 
solution are not affected by multipath.  

The principle of multipath error detection is outlined in Fig. 
12. Train position [x0, y0, z0] is determined first using 
pseudorange measurements to all healthy SVs and also using 
the EGNOS wide-area differential corrections. Two diverse 
on-board EGNOS receivers provide the required composite 
fail-safety. If a multipath error occurs, then it can also 
influence the receiver clock offset δ0, which is a part of the 
train position solution [x0, y0, z0, δ0]. Then the initial train 
position [x0, y0, z0] is checked by means of the position [xi, yi, 
zi] calculated using ranging data for individual satellite (SV) 
pairs and also by means of 3D track map (SIL 4). It means that 
all applicable pseudorange measurements to healthy satellite 
pairs and the corresponding differential corrections provided 
by EGNOS V3 are used. Since the calculated receiver clock 
offset δ0 may be affected by wrong pseudorange 
measurements, it cannot be used. Instead the train position [x, 
y, z]  is virtually changing on the 3D track map within a given 
interval (±100 m) around the initial position [x0, y0, z0] for a 
given satellite pair (e.g. j-th and k-th) as long as the virtual 
receiver clock offsets for these two satellites are equal, i.e. δi 

j 

= δi 
k (Fig. 12). The position corresponding to the equality of δi 

j = δi 
k is [xi, yi, zi]. If at least one of positions [xi, yi, zi] 

calculated using  SV pair(s) significantly differs from the 
wrong initial position [x0, y0, z0], then the excessive error is 
detected.  



 
 

IX. CONCLUSION 

Multi-constellation GNSS with its Safety-of-Life (SoL) 
services originally developed for aviation represents a 
strategic infrastructure for safe train position determination as 
well.  It is expected that a train Location Determination 
System (LDS) based on EGNOS will not only provide a PVT 
solution with the required safety integrity (SIL 4) for the 
ERTMS/ETCS Virtual Balise concept, but the EGNOS  SoL 
service has to be also utilised within the ETCS LDS 
effectively. It has been shown in this paper that the efficiency 
of multi-constellation EGNOS exploitation directly results 
from the technical safety principles, which are highly 
recommended for railway signalling subsystems to be 
compliant with SIL 3/SIL 4. Due to this reason LDS 
architectures with composite fail-safety and reactive-fail 
safety have been compared.  While composite fail-safety 
realised via the EGNOS-R interface was mainly intended for 
the EGNOS SIS safety integrity improvement to meet 
demanding ETCS safety requirements for the LDS, then 
reactive fail-safety implemented in the LDS can be utilised for 
reduction of the ETCS safety requirements for EGNOS. It has 
been demonstrated in this paper that the required Tolerable 
Hazard Rate (THR) for the ETCS virtual balise THRVB of 
0.67e-9/ 1 hour can be met using the reactive LDS structure 
with single-constellation EGNOS V2, although  stand-alone 
EGNOS V2 itself doesn’t meet the THRVB at all. The 
Travelling Virtual Balise has been introduced into the ETCS 
Virtual Balise concept to demonstrate the LDS compliance 
with the required THRVB. Galileo as a second constellation 
within EGNOS V3 can be then used for availability of 
integrity improvement. Similarly, as it is intended for LPV-
200 operations in aviation. It is evident that a very detailed 
safety analysis of EGNOS and its independent diagnostic 
channel according to relevant railway safety standards has to 
be performed. 
  

REFERENCES 
[1] B. J. Sterner, “On the Method of combining GPS and ETCS for 

Localization Purposes”, The European Railway Research Institute 
(ERRI), Draft of the 8th May 1998, 6 pages.  

[2] RTCA DO-229D – “Minimum operational performance standards for 
GPS WAAS Airborne Equipment”, RTCA Inc., Washington, D.C., 
2006. 

[3] S. Pullen, T. Walter, and P. Enge, “Integrity for Non-Aviation Users. 
GPS World,” July, 2011, pp. 28–36. 

[4] A. Neri, S. Sabina, F. Rispoli, and U. Mascia, “GNSS and odometry 
Fusion for High Integrity and High Availability Train Control Systems,” 
ION GNSS+ 2015, Tampa, September 14-18, 2015, 11 pages. 

[5] “ETCS/ERTMS – Class 1, ETCS Application Levels 1 & 2 - Safety 
Analysis, Part 3 – THR Apportionment,” SUBSET-088 Part 3, ISSUE: 
2.3.0, DATE: 02-04-2008, 91 pages. 

[6] “ETCS/ERTMS Safety Requirements for the Technical Interoperability 
of ETCS in Levels 1 & 2”, SUBSET-091, ISSUE: 3.3.0, DATE: 2014-
05-08, 51 pages. 

[7] “EN 50126 Railway Applications: The Specification and Demonstration 
of Dependability Reliability, Availability, Maintainability and Safety 
(RAMS),” CENELEC European standard, 2002. 

[8] “EN 50128 Railway Applications: Communications, signalling and 
processing systems – Software for railway control and protection 
systems”,  CENELEC European standard, 2003. 

[9] “EN 50129 Railway Applications: Safety related electronic systems for 
signalling,” CENELEC European standard, 2003. 

[10] A. Filip and F. Rispoli, “Safety concept of GNSS based train location 
determination system SIL 4 compliant for ERTMS/ETCS,” Proceedings 
of ENC GNSS 2014, Rotterdam, April 2014, 15 pages. 

[11] A. Filip and F. Rispoli, “SIL 4 Compliant Train Location Determination 
System Based on Dual-Constellation EGNOS-R for ERTMS/ETCS,”  
Proc. of the International Symposium on Certification of GNSS System 
(CERGAL 2014),  Dresden, Germany, July 8 - 9, 2014, pp. 109-114. 

[12] A. Filip, “Multi-Constellation Railway SBAS Interface:  A Common 
Platform For Advanced Signalling   Compliant With SIL 4 World-
Wide,” Proceedings of  the International Heavy Haul Association 2015 
conference (IHHA), Perth, Australia, June 21-24, 2015, 10 pages.  

[13] T. Lovric, J. Gülker, “Singe Channel ATP Architectures, a new Trend in 
Europe?,” WCRR 2001, Köln, November 25-29, 2001, 9 pages.  
http://www.uic.org/cdrom/2001/wcrr2001/pdf/sessions/3_5/040.pdf 

 

 

 



<<
  /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


