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Abstract: A new method of real-time GNSS user positioning availability control for transportation applications is considered. The 
positioning availability value is defined as a full probability of event when we get a personal GNSS user’s required navigation parameters 
(RNP) taking in account the current Positioning Delusion of Precision (PDOP), ranging errors and positioning errors. On a basis of 
GNSS/LAAS network dataset we get current GNSS performance statistics, such as positioning error standard mean and standard deviation 
and a number of positioning failures within the observation period. The PDOP values are used in order to compute an alarm index of a 
probable sudden positioning deterioration under poor GNSS satellite vehicles (SV) geometry. The method can be recommended for some 
transportation applications which have strong RNP. Especially, the method can be recommended for transportation applications such as 
aviation landing systems and automatic railroad traffic control. 
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1.Introduction  
High positioning accuracy and positioning reliability of GNSS users 
can be achieved by means of ground-based augmentation systems 
(LAAS or WAAS). Combining augmentation systems with receiver 
autonomous integrity monitoring algorithms (RAIM) we can get the 
efficient solutions for real-time positioning quality monitoring. It 
allows warning GNSS users about dangerous positioning quality 
deterioration in time [1]. Combining GNSS and LAAS (or WAAS) 
we get the most effective mean to achieve high accuracy and quality 
of transportation automatic control.  
Unfortunately both GNSS and LAAS (WAAS) performance is 
affected by irregular external disturbances such as Space Weather 
events, multi-path effects and electromagnetic jammers. So, it is 
well known that geomagnetic storms can cause the signal tracking 
loss inside the GNSS receivers as well as sharp increasing of 
ranging errors [2,3]. The other negative Space Weather factor for 
GNSS and LAAS (WAAS) performance is the powerful solar radio 
flares in 1-2 GHz frequency band. As it was shown in [4,5], a 
numerous short-time failures of GPS and GLONASS SV ranging 
were observed during the powerful solar radio flares on December 
6th and 13th, 2006 at some IGS-stations within the Earth sunlit side. 
Such events can cause serious performance deterioration for both 
standalone GNSS and LAAS (WAAS) operating [7]. The character 
of GNSS positioning deterioration varies significantly in space and 
time under above mentioned conditions. On the other hand, each 
GNSS user has a personal RNP that can be constant or can change 
in time (track motto along a railroad or aircraft landing motto, for 
example). We should say that there are no effective methods of 
positioning availability control which take in account both irregular 
external events and personal RNP. However such modern methods 
are extremely needed in order to provide safety on transportation 
applications. 
We offer a new method of real-time GNSS+LAAS user positioning 
availability control for transportation applications. The positioning 
availability value is defined as a full probability of event when we 
get a personal GNSS user’s RNP taking in account the current 
PDOP, ranging errors and positioning errors. This method can be 
adopted for aircraft landing applications and for railroad traffic 
control. 
 
2. The main algorithm for positioning availability 
control 
We consider a case of positioning for GNSS user within the LAAS 
coverage zone. In order to compute the current positioning 
availability we use positioning and ranging errors statistics 
(standard mean and standard deviation), amount of positioning 
failures and PDOP values which are accumulated and processed at 

the LAAS master station within a certain period of time. This time 
period should not be longer than the positioning errors de-
correlation time. According to [7] this time period can be about 30 
sec (for the positioning error correlation of 0.7). Being setting 
personal RNP, each GNSS+LAAS user gets the current positioning 
availability value from the personal GNSS receiver. The value of 
positioning availability is computing inside the GNSS receiver on a 
basis of the data set which is translated from the LAAS master 
station within the LAAS coverage zone. 
The current positioning quality is generally determined by the 
positioning accuracy and positioning continuity. It is also necessary 
to detect the “potential positioning failure” which can be 
caused by the sudden PDOP increasing. Positioning accuracy, 
continuity and PDOP rapid changing under irregular external 
influence have all random character in space and time. That is 
why the positioning availability should be determined in terms of 
the total probability of the personal RNP availability within LAAS 
coverage zone. So generally we get the common equation of the 
positioning availability as following 

 

PDOPFAULT WPBACPΒPAPW ⋅−⋅⋅⋅= )1(),()()(     (1) 

 
where A is the event of that GNSS and LAAS equipment 
are in working order; B is the event of GNSS user equipment 
health; C is the event that the positioning accuracy corresponds 
to the personal RNP of GNSS+LAAS user during the certain 
period of time; )1( FAULTP−  is the probability of the absence of 
positioning failure during the certain period of time; WPDOP – 
alarm index in order to warn the GNSS user about the dangerous 
level of expected positioning error as a result of the PDOP value 
sudden increasing. 
In our further consideration we suppose that both GNSS+LAAS 
and GNSS user equipment have both high reliability, so we get 

1)()( == ΒPAP . 
In order to estimate )1( FAULTP−  term, we consider the probable 
positioning failures as a faults flow. The probability of k number of 
positioning faults during the certain interval of time (ΔT) can be 
found through the Poisson law as follows [8]: 
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where k = 0, 1, 2, …, n is the possible number of positioning faults 
within the observation period -ΔT, a is the parameter of the Poisson 
distribution. 
The distribution parameter a in (2) depends on the ΔT interval 
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duration, and the time distribution of positioning faults can  be  
nonstationar within the ΔT period.  So the appropriate expedient 
for the Poisson law parameter a computation is to smooth the 
histogram of positioning fault events (Pk) by a theoretical curve of 
Poisson probability (2) for the time interval ΔT  using the least-
squares method as follows 
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where n is the maximum number of positioning faults in a series 
of observations. 
Depending on the area of application there are some features of 
the parameters P(C|A,B) and WPDOP representation and 
computation. We considered two probable area of the method 
application: aircraft landing applications and railroad automatic 
traffic control. 
 
2.1. Aircraft landing application 

 
Being landing the aircraft should be fixed within the narrow air 
echelons of ΔX, ΔY, and ΔZ in plane and altitude. According to 
ICAO requirements the aircraft should be keeping within these 
echelons with positioning accuracy better than 3 meters at 
probability of 0.999 or higher. We determine P(C|A,B) term in 
(1) as follows [9] 
 

TZTYTX PPPBAСP =),(                                                     (4) 

 
The right-hand side of this equation contains probabilities of 
compliance with the air echelons along the planar and altitudinal 
axes that can be computed as following [9] 
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where Φ(…) is Laplace’s function; M(ΔX), M(ΔY), M(ΔZ), σΔX, σΔY, 
σΔZ  – are the standard mean and standard deviation of positioning 
errors; α and β are admissible minimum and maximum bounds of 
positioning errors along the X, Y and Z axes (norms of the air 
echelons according to the ICAO RNP). 
The last item -  WPDOP in (1) should be specified more clearly. It 
is known that aircraft positioning accuracy requirements in plane 
and altitude differs one from another [10]. Thus, the horizontal and 
vertical delusion of precision factors (HDOP and VDOP) should 
be considered  separately in order to warn airborne user about 
“potential positioning fault” in horizontal or vertical planes. Finally 
we can compute the current alarm index WPDOP as follows 
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This warning is realized on a basis of personal HDOP and VDOP 
threshold levels ΠVDOP and ΠHDOP, which can be found as  
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Where subscript “max” designates the corresponding maximum 
standard deviations of positioning errors in the plane and in 

altitude according to the personal RNP; σΔR- standard deviation of 
ranging errors, which is computed on a basis of ranging of all SV 
in view on the LAAS master station during the observation period 
- ΔT.  

 
2.2. Railroad automatic traffic control 

 
The features of this application for our method are following:  
1) A train moves along a stringent and well known trajectory, so 
we do not need to take in account planar and altitudinal 
positioning deviations, but we need to determine an expected 
error of the current length of the train braking action way, 
instead; 
2) We do not need to warn user about sudden positioning 
accuracy deterioration in the vertical plane, so the alarm index - 
WPDOP can be simplified: only threshold value ΠHDOP is enough to 
compute the current value of WPDOP. 
In order to adopt the P(C|A,B) term to the railroad application we 
should describe some parameters which are critical in process of 
safe train braking action (look at Fig. 1). 

  

 
Fig.1. A train collision warning system elements 
 

First we should know the exact position of the railroad trajectory 
(L) in a special railroad coordinate system (X,Y). Being knowing 
L coordinates one can compute the current braking action way 

(LBR) between ( ** , hdhd yx ) and (XBR,YBR) points on a basis of a 
special normative “speed instead braking way” curves taking in 
account the train speed and mass. The coordinates of both train 
head (xhd, yhd) and forwarding train’s tail (xtl, ytl) are got from the 
GNSS measurements. These coordinates contain positioning 
errors which are scattered within Area 1 and Area 2, 
correspondently. In order to compute LBR length we transform the 
current train head coordinates (xhd, yhd) to the nearest point on the 

railroad trajectory ( ** , hdhd yx ). Being knowing the LBR length and 
railroad trajectory coordinates we find the finish point of the 
braking way (XBR,YBR) on the railroad trajectory. 
We have to alarm a train driver about possible train collision if 
the point (XBR,YBR) hits inside the Area 2. The center of this area 

corresponds to a point ( ** , tltl yx ) which are found like the above 

mentioned ( ** , hdhd yx ). The radius of the Area 2 depends on the 
probability of collision which we set. If, say, we established the 
probability of collision equals to (1-0.997=0.003), then 

rr σ⋅≈ 3 , where rσ  is equivalent standard deviation of the 
positioning errors, which is determined as 

{ }222 ,max YXr ∆∆= σσσ . Finally we determine the P(C|A,B) 
term as a probability of event when the point  (XBR,YBR) hits 
inside the Area 2 [8] 
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Where c is a correlation coefficient between X∆  and Y∆ time 

series of positioning errors; ** , tlYtlX ymxm ==  are standard 

means of positioning errors; YX σσ ,  - are standard deviations of 
positioning errors. 
The current alarm index WPDOP for the railroad applications should 
take in account the horizontal DOP variations only, so we can 
write 
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Where ПHDOP is computed on a basis of equation (7), as above 
mentioned. 

 
2.3. The algorithm of practical implementation 

 
In order to realize the above mentioned technique continuous 
monitoring of GPS (GLONASS) SV ranging and positioning errors 
should be arranged on a ground based LAAS station. These 
measurements are periodically accumulated within time periods ΔT 
at LAAS master station so we periodically get time series of the 
ranging errors п21 r...rr ∆∆∆=ΔR  and positioning errors 

zyx ∆∆∆= ,,ΔΠ .  On a basis of this data set the master station 

PC gets following statistics:  
• The frequency histogram of positioning fault events (Pk) over the 
observation interval ΔT and the parameter a of the Poisson 
distribution (equations 2 and 3); 
• Current standard means and standard deviations of positioning 
errors: M(ΔX), M(ΔY), M(ΔZ), σΔX, σΔY, σΔZ which are supposed to 
be the constant within the LAAS coverage zone during the period of 
ΔT; 
• Current standard deviation of GPS (GLONASS) SVs ranging 
(σΔRSV) for all SVs in view which is supposed to be the constant 
within the LAAS coverage zone during the period of ΔT. 
User equipment should contain the special software in order to 
compute the current positioning availability (W, equation 1), 
getting all the above mentioned statistics from the LAAS master 
station, as follows:  
• Setting the individual positioning accuracy requirement such as α 
and β boundaries (equation 5) or positioning error probability 
(equation 8) and maximal standard deviations ( )max

22
YX σσ +  and 

( )maxZσ (equations 7) ; 
• Setting the individual admissible number of positioning faults 
(k) over ΔT time interval (equations 2 and 3); 
• Computing ),/( BAСP  value on a basis of equations (4) and 

(5) or (8) depending on the application; 
• Computing )1( FAULTP−  value (equation 2); 

• Computing ΠVDOP and ΠHDOP (equation 7); 
• Computing the current positioning availability (W) from equation 
(1). 
As one can see, such method allows detecting sudden positioning 
quality deterioration for the concrete RNP of aviation or railroad 
users and can be effectively used for these transportation 
applications. 
 
 
 
 
 

Conclusion 
As we can see the method of positioning availability control is based 
on the near-real-time measurements of positioning and ranging 
statistics, so we can expect an adequate result of availability control 
within LAAS coverage zone. On the other hand the technique we 
considered allows taking in account the personal RNP of each user 
within LAAS coverage zone. This feature of the method is especially 
important for aircraft landing application. It is well known that 
personal RNP is changing during the landing process from ICAO 
CAT I down to ICAO CAT III RNP. Such RNP evolution in time 
requires a flexible technique of the positioning availability control in 
near-real time scale.  
Being taking in account an individual PDOP factor we can warn user 
about some local features of the coverage zone. This is especially 
important for the railroad applications when the user often faces to a 
problem of  SVs ranging faults because of the railroad infrastructure 
objects influence. 
Finally, it is well known, that geomagnetic storms and L-band solar 
radio flares affect GNSS and Ground based augmentation systems 
performance significantly. The LAAS (or WAAS) coverage zone 
size can cut down under unfavorable geophysical conditions. The de-
correlation time of ranging and positioning errors can decrease under 
geomagnetic storms influence too. GNSS satellite signal tracking 
process often breaks as a result of SVs signal ionospheric 
scintillations under geomagnetic storms.  
All this effects often works concurrently so GNSS performance have 
to be controlled not only in the near-real time scale but also taking in 
account personal RNP within LAAS coverage zone. The considered 
method is appropriate to get an adequate GNSS positioning 
performance assessment for some transport applications under such 
complex conditions. 
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