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   Abstract-Local Area Augmentation System (LAAS) can be 
used for both Category I (CAT I) precision approach and 
Differentially Corrected Positioning Service (DCPS) 
navigation applications. Through its support of DCPS, the 
LAAS Ground Facility (LGF) is required to help meet the 
integrity requirements of terminal-area navigation and other 
operations that could use the LAAS VHF Data Broadcast in 
addition to precision approach. The current LAAS 
standards indicate that DCPS integrity risk shall not exceed 
10-7 per hour [1,2].  This paper demonstrates that the 
requirement in current LAAS standards is hard to achieve 
under anomalous ionosphere and proposes potential 
requirements changes to improve DCPS availability.  
Horizontal Position Error (HPE) is calculated from current 
ionosphere threat model and is applied to individual 
satellites in all the subset geometries.  Limited subset 
geometries and screening Horizontal Alert Limit (HAL) are 
considered as requirements changes of current LAAS MOPS 
for DCPS. Limited subset geometries with drill down to N-2 
satellites (or SV’s) mitigate maximum unbounded HPE 
caused from 6 kilometers to 110 meters. The screening HAL 
of 550 meters allows maximum HPE of 300 meters.  

 

I. INTRODUCTION 
 
A. Local Area Augmentation System (LAAS) 
 The Local Area Augmentation System (LAAS) shown 
in Fig. 1 is a ground-based augmentation to GPS that 
focuses its service on the airport area, approximately a 20-
30 mile radius, for precision approach, terminal area 
operations and airport surface movement.  LAAS is 
comprised of ground facility and avionics.  The LAAS 
Ground Facility (LGF) includes 4 reference receivers, 
LAAS ground processors, and a VHF data broadcast 
(VDB) transmitter.  This ground facility is complemented 
by LAAS avionics installed on the aircraft.  Signals from 
GPS satellites are received by the LAAS GPS reference 
receivers at the LAAS-equipped airport. The reference 
receivers calculate their position using GPS. The GPS 
reference receivers and LAAS Ground Processors work 
together to measure errors in GPS-provided position. The 
LAAS ground processors produce a LAAS correction  

 
 

Fig. 1. Local Area Augmentation System (LAAS) [1]. 
 

message based on the difference between actual and GPS-
calculated position. Included in this message is suitable 
integrity parameters and approach path information. This 
LAAS correction message is then sent to a VDB 
transmitter. The VDB broadcasts the LAAS signal 
throughout the LAAS coverage area to avionics in LAAS-
equipped aircraft.  The signal coverage is designed to 
support the aircraft’s transition from en route airspace into 
and throughout the terminal area airspace.  The LAAS 
equipment in the aircraft uses the corrections provided on 
position, velocity, and time to guide the aircraft safely to 
the runway.  This signal provides ILS-look-alike guidance 
as low as 200 feet above touchdown. LAAS will 
eventually support landings all the way to the runway 
surface [3]. 
 The primary service that LAAS provides is precision 
approach and the secondary service is terminal area 
operations, aircraft operations in terminal area airspace, 
and airport surface movement, aircraft movement on the 
ground of airport such as taxiing.  Differentially 
Corrected Positioning Service (DCPS) is an extension of 
LAAS capability to support terminal area operations and 
airport surface movement.  Through its support of DCPS, 
the LAAS Ground Facility (LGF) is required to help meet 
the integrity requirements of terminal-area navigation and 
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other operations that could use the LAAS VHF Data 
Broadcast in addition to precision approach.  The current 
LAAS standards indicate that DCPS integrity risk shall 
not exceed 10-7 per hour [1,2].  This requirement is hard to 
achieve under the severe error sources such as anomalous 
ionosphere which has been observed over CONUS since 
2000 [4,5]. 
 
B. Ionosphere Anomaly Threat Model 
 One of the residual errors that can be built up for the 
user of a dGPS system like LAAS is the ionosphere 
spatial decorrelation error.  This error is caused by the 
fact that two signals are passing through different region 
of the atmosphere and the ionospheric delays cannot be 
completely canceled out even after applying differential 
corrections. Such errors can grow under severe 
ionosphere storm and pose a threat to user integrity [6]. 
 The ionosphere, extending from a height of about 50 
kilometers to about 1000 kilometers above the earth, is a 
region of ionized gases (from electrons and ions). The 
ionization is caused by the sun’s radiation, and the state of 
the ionosphere is determined primarily by the intensity of 
the solar activity. Solar flares and the resulting magnetic 
storms can create large and quickly varying electron 
densities, causing rapid fluctuation in the carrier phase 
(called scintillation) and in amplitude (called fading) of 
GPS signals [7]. 
 As described in our previous work (see [8,9,10]), 
ionosphere anomalies are modeled as linear wave fronts 
in order to study their impact on a LAAS user.  Fig. 2 
illustrates this simplified model and an example of the 
ionosphere anomaly threat to LAAS.  Four parameters are 
used to characterize the anomaly: gradient slope (in 
millimeters per kilometer), gradient width (in kilometers), 
front speed (in meters per second), and maximum delay 
difference (in meters), which is simply the product of 
gradient slope and width.  Upper bounds on each of these 
parameters have been determined based on analysis of 
past storms.  Note that the maximum delay difference is 
also expressed as an upper bound in the model, and it 
constrains the slope and width values through their 
product (i.e., values of slope and width which are within  
 

 
 

Fig. 2. Ionosphere wave front model. 

 
Fig. 3. Ionosphere anomaly threat model 

(Slope Bounds Last Updated in March 2007). 
 
their respective bounds but exceed the maximum-delay-
difference bound when multiplied together are not a valid 
combination) [4,5]. 
 As noted above, the parameters in the simplified model 
of ionosphere anomaly are estimated using data collected 
on ionosphere stormy days, and they can be summarized 
by an ionosphere anomaly “threat model.”  The current 
ionosphere anomaly threat model (most recently revised 
in March 2007) is as shown in Fig. 3, in which the slant 
ionosphere gradient is 375 millimeters per kilometer for 
low elevation of satellite below 15 degrees and 425 
millimeters per kilometer for high elevation above 65 
degrees.  In between, slant ionosphere gradient is a linear 
function of the elevation angle of satellite (the bounds on 
speed, width, and maximum delay difference remain the 
same as the numbers given in [11]).  The threat model is 
used to generate range error caused by anomalous 
ionosphere. 

 
C. Precision Approach and DCPS 
 In our previous work, LGF real time geometry 
screening has been developed to mitigate ionosphere 
anomaly threat for LAAS CAT I precision approach.  The 
algorithm in [11] inflates the sigma values (σvig and σpr_grn) 
broadcast by the LGF.  This ensures that subset satellite 
geometries (i.e. subsets of a set of approved GPS satellites 
for which the LGF broadcasts valid corrections) for which 
unacceptable errors can result are made unavailable to the 
user.  Theses unsafe subsets are found by comparing the 
resulting Maximum Ionosphere-induced Error in Vertical 
(MIEV) with maximum “safe” Navigation System Error 
(NSE) values derived from Obstacle Clearance Surface 
(OCS) applicable to CAT I precision approaches.   
Another algorithm in [12] implements LGF real time 
geometry screening by inflating satellite-specific, targeted 
ephemeris decorrelation parameters (called “P-values”) 
and σpr_grn values.  These algorithms are briefly illustrated 
in the flow chart in Fig. 4.  From satellites almanac, 
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Fig. 4. Ionosphere anomaly mitigation for LAAS CAT I precision 
approach. 

 
subset geometries are determined and worst-case 
ionosphere error is determined from ionosphere anomaly 
threat model.   Then, approach hazard assessment is 
applied and if unsafe subsets exist, it inflates sigma and P-
value parameter iteratively to make all subsets safe. 
Finally, approved sigma values and P-values for broadcast 
by VDB are obtained. Our previous papers demonstrate 
that geometry screening in LAAS can fully mitigate the 
CONUS ionosphere spatial decorrelation threat model [11, 
12]. 
 This method works reasonably well for precision 
approach applications, where the Vertical Alert Limit 
(VAL) and OCS limits for precision approaches are well-
defined, but it cannot be directly transported to the DCPS 
application because no single Horizontal Alert Limit 
(HAL) is defined for DCPS.  This is because DCPS is 
intended to support a variety of terminal area operations 
with different values of HAL; thus no one HAL can be 
used to define DCPS integrity.  The comparison between 
precision approach and DCPS is summarized in Table I. 
Precision approach has known operation and known VAL, 
and may also have constrained subset geometries.  
Therefore, LGF knows what geometries are hazardous 
and can take an action to get rid of them.  DCPS has many 
different operations and their HAL values are not defined. 
Therefore, LGF cannot take any action to take care of 
hazardous geometries. For this reason, the existing LAAS 
requirements call for Horizontal Protection Level (HPL) 
to always exceed the maximum HPE, but the results in [6] 
show that this is not possible in the face of the ionosphere  

 
TABLE I 

COMPARISON BETWEEN PRECISION APPROACH AND DCPS 

Precision Approach DCPS 

Known operation Many different operations 

Known VAL Undefined HAL values 

Constrained subset geometries No constraints on subset 
geometries 

 
 

Action to get rid of hazardous 
geometries 

No action to take care of hazardous 
geometries 

anomalies observed in October and November of 2003 
unless the resulting HPL is inflated to be hundreds or 
thousands of meters. 
 Given that the existing DCPS integrity requirements 
cannot be met in the presence of the very worst 
ionosphere anomalies observed in the past, this paper 
examines several possible system modifications to make 
DCPS more useful. One approach examined requires 
changes to the LAAS MOPS [13] – constraints are 
imposed on airborne geometry screening. The second 
approach investigated is to mandate screening HAL value 
taken for all the terminal-area operations from RTCA 
DO-236B [14]. This paper considers the various 
modifications taken together and recommends a way 
forward to enhance the availability and utility of DCPS 
without significantly affecting the safety of DCPS users. 
 

II. DCPS SIMULATION PROCEDURE 
 
 DCPS simulation procedure is shown in Fig. 5.  One 
day of geometries with five minutes updates from 
Memphis airport is used to generate all in view, all N-1, 
all N-2, …, down to all 4 satellites subset geometries.  
Range error from ionosphere threat model is applied to all 
independent individual satellites in those subset 
geometries.  σvig of 18.4 millimeters per kilometer which 
is based on approximate maximum LGF inflation factor 
of 4.6 is used. Then computed HPE and HPL are obtained, 
and only worst HPE and corresponding HPL are saved.   
When we consider possible requirements changes, 
geometry screening with screening HAL is applied so that 
only points whose HPL vales are less than screening HAL 
are survived. Finally maximum HPE with specific 
screening HAL is obtained. 
 DCPS simulation is applied to three scenarios specified 
in Table II. 5-km LGF-to-user separation represents 
airport surface, and the altitude of zero meter and the 
aircraft speed of zero meter per second are used for the 
first scenario. 15-km LGF-to-user separation represents 
terminal area inside LAAS coverage, and 45-km LGF-to-
user separation represents at the edge of LAAS coverage,  
 

 
 

Fig. 5. DCPS simulation procedure. 
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TABLE II 
DCPS SCENARIO 

Scenario 
No. Description x (km) Altitude (m)a 

1 Airport Surface 5 0 

2 Terminal Area, Inside 
LAAS Coverage 15 3000 

3 At Edge of LAAS 
Coverage (Dmax) 

45 3000 

aAltitude makes little difference to DCPS error results. 
 
which is VDB coverage. The second and third scenarios 
use altitude of 3000 meters and aircraft speed of 70 
meters per second. 
 

III. IONOSPHERE ANOMALY IMPACT ON 1 SV 
 
A.  Effect of Geometry on HPE 
 Fig. 6 shows HPE versus HPE-to-HPL ratio plot of 
ionosphere anomaly impact on 1 satellite with drill down 
to 4-SV geometries for 45-km LGF-to-user separation 
case. The point in magenta circle indicates its maximum 
HPE which is approximately 267 kilometers.  This large 
error is caused by its bad geometry which is shown in Fig. 
7.  Its geometry has only four satellites which is the 
smallest number of satellites allowed in the geometry for 
DCPS.  The Shorizontal values of four satellites in Fig. 7 are 
shown in Table III.  Here, the S matrix is the inverse 
matrix of the G matrix and it produces position error by 
being multiplied by range errors of satellites in geometry.  
Shorizontal value is horizontal component of the S matrix.  
The Shorizontal values in Table III are big enough to produce 
this large HPE.  Shaded satellite in Fig. 7 and Table III 
indicates one impacted by ionosphere anomaly.  The 
worst HPE is calculated when satellite No. 3 is chosen to 
be impacted in this geometry because Shorizontal value of this 
satellite is the biggest.  The corresponding all-in-view 
geometry to the maximum HPE and its Shorizontal values are 
shown in Fig. 8 and Table IV, respectively.  It has three 
more satellites in green oval at high elevation, total seven 
satellites and they are distributed well in elevation and 
azimuth.  Impact on satellite No. 6 produces the worst 
HPE in this all-in-view geometry because its elevation is 
so high, above 65 degrees, that its range error calculated 
from ionosphere anomaly threat model is the biggest.  
Although its Shorizontal value is the lowest among satellites in 
the geometry, differences of range errors among satellites 
are bigger than differences of Shorizontal values, so that effect 
of the range error is bigger than the effect of the Shorizontal 
value.  The HPE corresponding to this all-in-view 
geometry is approximately 10 meters which is a point in 
green circle in Fig. 6 and it is the smallest among all the 
subset geometries of this all-in-view geometry. 
 

 
Fig. 6. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s for 45-km separation case. 
 

 
 
 

 
 

Fig. 7. Sky plot of corresponding geometry to maximum HPE of 
ionosphere anomaly impact on 1 SV with drill down to 4 SV’s for 45-

km separation case. 
 
 
 
 

TABLE III 
Shorizontal VALUES OF SATELLITES IN FIG. 7 

SV No. Shorizontal 
1 13548 
2 5525 
3 15496 
4 7473 
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Fig. 8. Sky plot of all-in-view geometry corresponding to the maximum 
HPE of ionosphere anomaly impact on 1 SV with drill down to 4 SV’s 

for 45-km separation case. 
 

TABLE IV 
Shorizontal VALUES OF SATELLITES IN FIG. 8 

SV No. Shorizontal 
1 0.3446 
2 0.6415 
3 0.3812 
4 0.3733 
5 0.3463 
6 0.1625 
7 0.3633 

 
 
B.  Effect of Separation on DCPS 
 HPE versus HPE-to-HPL plots of the ionosphere 
anomaly impact on 1 SV with dill down to 4 satellites for 
the 15-km LGF-to-user separation case and for the 5-km 
LGF-to-user separation case are shown in blue in Fig. 9 
and in green in Fig. 10, respectively.  Red points in Fig. 9 
and Fig. 10 represent the 45-km LGF-to-user separation 
case, the same as in Fig. 6.  The maximum HPE is 
approximately 90 kilometers for the 15-km LGF-to-user 
separation case and 30 kilometers for the 5-km LGF-to-
user separation case.  These two separation cases does not 
have any points whose HPE-to-HPL ratios exceed 1, 
which means their HPE values are always less than their 
HPL values, while the 45-km LGF-to-user separation case 
has some cases, shown in shaded region, whose HPE-to-
HPL ratios exceed 1.  In other words, the points in blue 
and green are protected by their HPL values, whereas 
some points in red are not protected by their HPL values. 
The maximum unbounded HPE for the 45-km LGF-to-
user separation case is approximately 6 kilometers which 
is more hazardous than its maximum HPE of 267 
kilometers since it is not bounded by its HPL. From the 
15-km LGF-to-user separation case to the 45-km LGF-to-  

 
Fig. 9. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s for 45-km (red) and 15-km 
separation case (blue). 

 
user separation case, it is monotonic increase of HPE-to-
HPL ratio toward its value of 1. Approximately 21.5-km 
LGF-to-user separation case starts to have a point in the 
shaded region.  The reason why the 5-km LGF-to-user 
separation case is not a component of monotonic increase 
is because different parameters are used for this case. The 
aircraft speed of zero meters per second and the altitude 
of zero meter are used for 5-km LGF-to-user separation 
case, while aircraft speed of 70 meters per seconds and 
altitude of 3000 meters are used for other separations. 
 5-km and 15-km LGF-to-user separation cases do not 
harm DCPS users, whereas some cases in 45-km LGF-to-
user separation case do. The red points in shaded region 
are subjects to mitigate by changing requirements in 
current LAAS MOPS for DCPS.  
 

 
Fig. 10. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s for 45-km (red), 15-km (blue), 
and 5-km separation case (green). 
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IV. CHANGES TO IMPROVE DCPS AVAILABILITY 
 
A.  Potential Requirements Changes 
 Three potential requirements changes to existing LAAS 
MOPS for DCPS are being considered. First change 
considered in this paper is limited subset geometries.  It 
restricts DCPS users to specific subsets that can be 
protected.  The current MOPS for DCPS allows all 
geometries with four or more satellites.  Limited subset 
geometries allow, for example, all zero, one and two- 
satellite-out combinations which is called drill down to N-
2 satellites.  The second change considered is applying the 
screening HAL which specifies a uniform maximum HPL 
for all DCPS users. Since any HAL values are not defined 
in the current LAAS MOPS for DCPS, all DCPS users 
can determine their own HAL values according to their 
operations, e.g. 25 meters for airport surface movement.  
The screening HAL can provide a bound to DCPS users 
when they choose their own HAL values for their own 
operations.  Supported operations with smaller HAL 
values would not be affected.  The third change to be 
considered is airborne Code-Carrier Divergence (CCD) 
monitoring which will also be required for CAT-three 
precision approaches.  The third change will be 
considered in the future work. 
 
B.  Limited Subset Geometries 
 Effect of various limited subset geometries on HPE is 
examined for the ionosphere anomaly impact on 1 SV and 
45-km LGF-to-user separation case. HPE versus HPE-to-
HPL ratio plots with drill down to N-3 satellites, drill 
down to N-2 satellites, and drill down to N-1 satellites are 
shown in magenta in Fig. 11, in blue in Fig. 12, and in 
green in Fig. 13, respectively.  The plot with drill down to 
4 satellites is shown in red and it is the same as the plot in 
Fig. 6.  The maximum unbounded HPE, the largest HPE 
whose ratio exceeds 1, for drill down to 4 satellites is 
approximately 6 kilometers. The maximum unbounded 
HPE with drill down to N-3 satellites is 6 kilometers, the 
same as one with drill down to 4 satellites, as well.  
Limited subset geometries with drill down to N-3 
satellites do not mitigate the maximum unbounded HPE.  
The maximum unbounded HPE with drill down to N-2 
satellites is approximately 110 meters which is much 
smaller than 6 kilometers and acceptable for terminal area 
operations.  The maximum unbounded HPE with drill 
down to N-1 satellites is approximately 70 meters, the 
smallest among four limited subset geometries proposed. 
However, limited subset geometries with drill down to N-
1 satellites are not realistic when aircraft maneuvering in 
terminal area airspace which includes banking is 
considered.  Therefore, drill down to N-2 satellites is 
considered as proper limited subset geometries for DCPS 
to mitigate the maximum unbounded HPE which is a 
threat to DCPS users. 
 
 
 

 
Fig. 11. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s (red), and drill down to N-3 
SV’s (magenta) for 45-km separation case. 

 
 

 
Fig. 12. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s (red), drill down to N-3 SV’s 
(magenta), and drill down to N-2 SV’s (blue) for 45-km separation case. 
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Fig. 13. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 1 SV with drill down to 4 SV’s (red), drill down to N-3 SV’s 
(magenta), drill down to N-2 SV’s (blue), and drill down to N-1 SV’s 

(green) for 45-km separation case. 
 
C. Screening HAL 
 Fig. 14 and Fig. 15 shows HPE versus HPL plot of the 
ionosphere anomaly impact on 1 SV with drill down to 4 
satellites and drill down to N-2 satellites for the 45-km 
LGF-to-user separation case, respectively.  Drill down to 
4 satellites is shown in red. If maximum HPE we allow is 
assumed to be 300 meters, the screening HAL should be 
250 meters.  Drill down to N-2 satellites is shown in blue, 
and the screening HAL should be 550 meters to allow the 
same 300 meters of maximum HPE. Here, it is confirmed 
that drill down to N-2 satellites allows DCPS users more 
flexible screening HAL values. 
 

 
Fig. 14. HPE versus HPL plot of ionosphere anomaly impact on 1 SV 

with drill down to 4 SV’s for 45-km separation case. 
 

 
Fig. 15. HPE versus HPL plot of ionosphere anomaly impact on 1 SV 
with drill down to 4 SV’s (red), and drill down to N-2 SV’s (blue) for 

45-km separation case. 
 
 
 

V. IONOSPHERE ANOMALY IMPACT ON 2 SV’s 
 
 The preliminary result of ionosphere anomaly impact 
on 2 satellites with drill down to 4 satellites for the 5-km 
LGF-to-user separation case is shown in red in Fig. 16 
and Fig. 17.  The maximum unbound HPE in shaded area 
is approximately 10 kilometers. When it is compared to 
the result of impact on 1 SV for the same case of limited 
geometries and LGF-to-user separation in green in Fig. 
17, it can be seen that ionosphere anomaly impact on one 
more satellite can cause to pose a threat to DCPS users by 
producing very larger position error. The ionosphere 
anomaly impact on 2 satellites is still investigated and is a 
subject of the future work. 
 

 
Fig. 16. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 2 SV’s with drill down to 4 SV’s for 5-km separation case. 
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Impact on 2 SV’s : 5-km separation case



 
Fig. 17. HPE versus HPE-to-HPL ratio plot of ionosphere anomaly 

impact on 2 SV’s (red) and 1 SV (green) with drill down to 4 SV’s for 5-
km separation case. 

 
 

VI. SUMMARY AND FUTURE WORK 
 
 DCPS will improve efficiency in terminal area 
operations and airport surface movement.  This research 
shows DCPS integrity difficulty due to the ionosphere. 
For one satellite impact and 45-km LGF-to-user 
separation case, the maximum unbounded HPE is 6 
kilometers, and for two satellites impact and 5-km LGF-
to-user separation case, the maximum unbounded HPE is 
10 kilometers.  A solid way to solve difficulty explored in 
this paper for the ionosphere anomaly impact on one 
satellite includes N-2 restriction in geometries. It 
decreases maximum unbounded HPE from 6 kilometers 
to 110 meters.  The way also includes the potential 
geometry screening using the screening HAL, for 
example, the screening HAL of 550 meters allows the 
maximum HPE of 300 meters for 45-km LGF-to-user 
separation case with the limited subset geometries of drill 
down to N-2 satellites. 
 
 Future work includes ionosphere anomaly impact on 
two satellites, more-flexible geometry restriction by 
limiting maximum Shorizontal at aircraft, and application of 
system changes i.e. airborne CCD monitoring. 
 

ACKNOWLEDGMENT 
 
 This research was supported by the Federal Aviation 
Administration (FAA) Local Area Augmentation System 
(LAAS) Program Office.  Within the FAA, John 
Warburton and Jason Burns were particularly helpful.  
The opinions discussed here are those of the authors and 
do not necessarily represent those of the FAA or other 
affiliated agencies. 

REFERENCES 
 
[1]  Specification: Category I Local Area Augmentation 
System Ground Facility.  Washington, D.C., Federal 
Aviation Administration, FAA-E-2937A, April 17, 2002. 
 
[2]  Minimum Aviation System Performance Standards 
for the Local Area Augmentation System (LAAS). 
Washington, D.C., RTCA SC-159, WG-4A, DO-245A, 
December 9, 2004. 
 
[3]  Federal Aviation Administration (FAA) – 
Navigation Services – Local Area Augmentation System 
(LAAS). URL: 
http://www.faa.gov/about/office_org/headquarters_offices
/ato/service_units/techops/navservices/gnss/laas/. 
 
[4]  A. Ene, D. Qiu, M. Luo, S. Pullen, and P. Enge, “A 
Comprehensive Ionosphere Storm Data Analysis Method 
to Support LAAS Threat Model Development,” 
Proceedings of ION 2005 National Technical Meeting, 
San Diego, CA., January 15-20, 2005, pp. 110-130. 
 
[5]  M. Luo, S. Pullen, s. Datta-Barua, G. Zhang, T. 
Walter, and and P. Enge, “LAAS Study of Slow-Moving 
Ionosphere Anomalies and Their Potential Impacts,” 
Proceedings of ION GNSS 2005, Long Beach, CA, 
September 13-16, 2005, pp. 2337-2349. 
[6]  Y. S. Park, G. Zhang, S. Pullen, J. Lee, and P. 
Enge, “Data-Replay Analysis of LAAS Safety during 
Ionosphere Storms,” Proceedings of ION GNSS 2007, 
Fort Worth, TX, September 25-28, 2007. 
 
[7]  P. Misra, and P. Enge, Global Positioning System: 
Signals, Measurements, and Performance, 2nd ed., Ganga-
Jamuna Press, Lincoln, MA, 2006, pp. 162-163. 
 
[8]  M. Luo, S. Pullen, J. Dennis, H. Konno, G. Xie, T. 
Walter, S. Datta-Barua, T. Dehel, and Per Enge “LAAS 
Ionosphere Spatial Gradient Threat Model and Impact of 
LGF and Airborne Monitoring,” Proceedings of ION GPS 
2003, Portland, OR., September 9-12, 2003, pp 2255-
2274. 
 
[9]  M. Luo, S. Pullen, T. Walter, and P. Enge, 
“Ionosphere Spatial Gradient Threat for LAAS: 
Mitigation and Tolerable Threat Space”, Proceedings of 
ION 2004 Annual Meeting, San Diego, CA., January 26-
28, 2004. 
 
[10]  M. Luo, s. Pullen, A. Ene, D. Qiu, T. Walter, and P. 
enge, “Ionosphere Threat to LAAS: Updated Model, User 
Impact, and Mitigations,” Proceedings of ION GNSS 
2004, Long Beach, CA., September 21-24, 2004, pp. 
2771-2785. 
 

Impact on 2 SV’s : 5-km separation case
Impact on 1 SV : 5-km separation case 



[11]  J. Lee, M. Luo, S. Pullen, Y.S. Park, M. Brenner, 
and P. Enge, “Position-Domain Geometry Screening to 
Maximize LAAS Availability in the Presence of 
Ionosphere Anomalies,” Proceedings of ION GNSS 2006, 
Fort Worth, TX, September 26-29 , 2006, pp. 393-408. 
 
[12]  S. Ramakrishnan, J. Lee, S. Pullen, and P. Enge, 
“Targeted Ephemeris Decorrelation Parameter Inflation 
for Improved LAAS Availability during Severe 
Ionosphere Anomalies”, Proceedings of ION 2008 
National Technical Meeting, San Diego, CA, January 28-
30, 2008. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[13]  Minimum Operational Performance Standards for 
GPS Local Area Augmentation System Airborne 
Equipment.  Washington, D.C., RTCA SC-159, WG-4A, 
DO-253B, June 26, 2007. 
 
[14]  Minimum Aviation System Performance 
Standards: Required Navigation Performance for Area 
Navigation.  Washington, D.C., RTCA SC-181, DO-
236B, October 28, 2003. 
 
 
 
 
 
 



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /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
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BankGothicBT-Medium
    /Baskerville
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /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
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /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
    /CaslonOpenfaceBT-Regular
    /Castellar
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /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
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DomCasual
    /Dotum
    /DotumChe
    /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
    /FelixTitlingMT
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /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
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldItalic
    /Garamond-Italic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /ItcEras-Medium
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /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
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /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
    /MT-Symbol
    /MVBoli
    /Narkisim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /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
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TechnicalItalic
    /TechnicalPlain
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /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
    /USPSBarCode
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /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
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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


