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SUMMARY

VRS (Virtual Reference Station) approach is based on the virtual data and it is the basis for all
computation at the user end. Since the quality of virtual data is the backbone to the results,
FGI decided to investigate the quality of virtual data.

Study was implemented by computing zero-baselines between virtual and “real” GPS data at
the locations of stations of the Finnish permanent GPS network, FinnRef®. Both long-term
and short-term variations of the virtual data were studied. Long-term quality was studied by
computing time series of daily static solutions. Computed time series show that the quality of
virtual data is quite homogeneous. With daily static solutions standard deviations are in the
range of few millimetres for all stations and coordinate components. From daily time series
we can also conclude that the accuracy is highly dependent on the coordinates of the VRS
network since a clear change in trends was seen after the update of the coordinates.

Short-term quality was studied by computing short static and kinematic sessions with virtual
data. Hourly and kinematic time series show more details than daily solutions and some daily
periods are seen. Periodicity may indicate either to remaining biases in the network parameter
estimation or unsuccessful baseline processing. Latter may be caused by poor satellite
constellation or bad data quality. Kinematic solutions give a picture of the accuracy that could
be expected in real-time surveys.

Spatial quality of virtual data was studied both regionally and locally. The study showed that
the reference station coordinates are in a key role to good results. However, e.g. land uplift
causes problems and time series show a good correlation between land uplift rates computed
from the national permanent GPS network and from the virtual data. Hence it is evident that
biases in the reference coordinates (or frames) explicitly affect the virtual data quality. Also
increasing interpolation distance i.e. distance from the master station contributes the error
budget.
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1. BACKGROUND

Nowadays permanent GNSS reference station networks are widely used also for real-time
GNSS positioning. Reference stations are integrated at the computing centre and the data is
processed in real-time i.e. stations are networked. Networking gives possibility to estimate
biases within the network baselines and to transmit bias information to the rover receiver in
real-time. This technique is referred to network RTK.

There are different approaches to generate and transmit the information to the rover. One
approach is VRS (Virtual Reference Station) in which so-called virtual data is transmitted to
the rover receiver. Virtual data is generated from the master reference station data by
displacing it geometrically to VRS (~ rover) position and adding associated biases,
interpolated from the network, into it. In this approach the rover receiver considers virtual
data as a reference station data and computation at the rover end is performed relative to that.
In VRS approach virtual data is the basis for all computation at the rover end. Therefore all
results are dependent on the quality of virtual data. Thus all biases in the virtual data will also
prejudice the results. The purpose of this study was to determine the quality of virtual data i.e.
the success of bias estimation.

Finnish Geodetic Institute (FGI) has studied VRS approach since 2002 and main interest has
been in real-time applications. Results from real-time studies has been published e.g. in
(Hakli, 2004) and (Hikli and Koivula, 2004). During the last few years the spectrum of
network RTK applications has spread from conventional mapping to various specific
applications. Since the quality of virtual data is the backbone to the results and eagerness to
use virtual data has increased also for post-processing applications, FGI decided to investigate
the quality of virtual data. Network RTK and virtual data have blurred the traditional
hierarchical networks (Hékli and Koivula, 2005) (H&kli et al., 2006) and brought new
challenges for computing and qualifying the results. Traceability of the results and the
knowledge of the error budget may be missing. Break of the mathematical link between user
and computation centre or point-to-point kind of measurements (one vector) disable the
possibility to estimate error accumulation. This along with inadequate or strict regulations
may prevent the use of such techniques. For example recommendations or regulations in
Finland do not recognize network RTK at the moment and therefore many applications are
not possible to use. Therefore studies are required if new techniques are desired to mobilise.

2. TEST PROCEDURE

Virtual data was investigated by computing zero-baselines between virtual and “real” GPS
data at the known locations. Virtual data was generated from the data of the VRS network,
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GPSNet.fi. It consists of 86 permanent GPS stations covering the whole Finland. The virtual
data was generated to the coordinates of the Finnish permanent GPS network, FinnRef®”.
FinnRef network consists of 13 permanent GPS stations and serves as the basis of the
EUREF-FIN, national realization of ETRS89 in Finland (Ollikainen et al., 2000). One 1GS
and four EPN stations in the network also connects Finland to the international reference
frames. Official EUREF-FIN coordinates of the FinnRef stations were used as a reference in
virtual data generation. GPSNet.fi network coordinates were computed with respect to
FinnRef but otherwise the networks are totally detached to each other. This ensures
independent zero-baseline results.
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Figure 1. GPSNet.fi (VRS) network and zero-baseline stations at the locations of FinnRef stations.
GPSNet.fi stations drawn with circles and FinnRef stations with triangles.

Zero-baselines were processed with Trimble Total Control (version 2.73) with ordinary
processing parameters. Reference coordinates were fixed to the official EUREF-FIN
coordinates of the FinnRef stations. Results were then converted into ETRS-TM35FIN
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coordinates on the UTM projection plane according to the national recommendations (JHS
154). All the values presented here are in ETRS-TM35FIN.

Both long-term and short-term variations of the virtual data were studied. Long-term quality
was studied by computing time series of daily static solutions over a period of three months. It
illustrates the reliability of the virtual data generation and attainable (optimum) accuracy e.g.
for post-processing applications. Short-term quality was studied by computing short static and
kinematic sessions with virtual data. This depicts e.g. temporal variations of results that can
be expected in real-time positioning. Spatial quality of virtual data was studied both
regionally and locally. Regional quality was studied by choosing zero-baseline stations
nationwide and local variations with the distances to master station.

3. TIME SERIES OF VIRTUAL DATA
3.1 Daily solutions

Since there is no indication of quality of virtual data transmitted to user it is necessary to
investigate the quality empirically. From long-term daily results we can get statistical analysis
and compute e.g. probabilities for accuracy measures. This enables more realistic estimation
of the error budget of the final results. For example in post-processing applications where
virtual data is used as a reference station we have an additional error compared to
conventional static surveying. This is caused by the virtual data itself i.e. biases in the virtual
data generation. These biases include atmospheric variations and residuals in the coordinates
of the VRS network. From probabilities we can consider to get the constant part of the
additional error in the final results. The rest of the error budget comes from the post-
processing.

In this study we computed time series of zero-baselines for the period of three months
(March-May 2006). Zero-baselines were computed as daily static solutions for all 13 FinnRef
stations. Many short-term GPS biases are absorbed or averaged out from the daily solutions
hence giving a good picture about the quality of virtual data. Results are shown in North, East
and up components and also as baseline distance.

During the time series period happened some major occurrences that have to be taken into
account in the analysis of the results. Coordinates of GPSNet.fi were updated during the study
period. GPSNet.fi network was finalized in the autumn of 2005 and network coordinates were
computed in the beginning of 2006. Two computations were performed with the same basic
strategy but slightly different processing and adjustment parameters and methods were
applied. Also different data sets were used. In both computations FinnRef network served as a
reference. It was decided after some discussions to force the VRS network to the official
EUREF-FIN coordinates of the FinnRef stations even though their epoch is in 1997.0. This
would cause residuals e.g. due to postglacial rebound (see e.g. Mikinen et al., 2003) in the
final coordinates but this way they would be as close as possible to the EUREF-FIN frame.
Another cogent reason to use EUREF-FIN coordinates instead of ITRF was that the
geodynamical model needed for the backward transformation to EUREF-FIN was not
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available. Geodynamical model would take into account e.g. the effects of the land uplift.
Such a model should be available for Fennoscandia in the near future. At that time the
computation strategy can be reconsidered.

Coordinates from the first computation were in use until DOY 89 (March 30, 2006).
However, new coordinates were introduced after the completion of the second computation
and they have been valid since DOY 90 (March 31, 2006). Changes in coordinates were
relatively small (approximately 5 mm) but even though the update of coordinates is clearly
seen in time series at some stations. Consequences of the update for the time series are
twofold. On one hand the accuracy has improved but on the other hand the precision has
deteriorated. By accuracy we mean absolute or external accuracy while precision describes
internal accuracy. However, changes in time series can be seen only at some stations and
positive effects of the coordinate update overbalance the negative ones. Figures 2 and 3 show
examples of both cases. At the station OULU accuracy has improved whereas precision (also
accuracy in this case) in time series of KEVO has deteriorated. Anyhow, it seems that the
quality of virtual data is quite sensitive to the precision of the VRS network.
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Figure 2. Zero-baseline time series of the station Figure 3. Zero-baseline time series of the station
OULU. Accuracy is improved after coordinate KEVO. Precision has deteriorated since the
update at DOY 90. coordinate update at DOY 90.

A change in time series trend can be seen also at METS station. It is related to the coordinate
update albeit it fixes a bug in the GPS processing software. Misinterpretation of the antenna
caused a systematic error of 11 mm in up component. The bug causes a jump in time series at
DOY 90 (Figure 4). Other phenomena related to update of coordinates are yet unanalyzed.
Also seasonal effects in time series are visible. The bigger jumps at the stations ROMU
(Figure 5) and SODA (Figure 13) shortly after DOY 70 are most likely caused by snow
dropping from the top of the antenna radome. The phenomenon was discussed by Mékinen et
al., 2003. This is an annual effect at some stations with adequate conditions for snow
accumulation.

Because of the coordinate update and seasonal phenomena we will concentrate only on the
data since DOY 90. Time series show good repeatability at all stations (Table 1). Daily
solutions deviate on an average of 2.0 mm, 1.7 mm and 4.4 mm for north, east and up
components, respectively. Accuracies (by means of rms) are worse, especially in up
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component. Part of this is explained by the residuals in the reference station coordinates and
part is due to interpolation errors during the virtual data generation. Both influence mainly on
the up component. The average rms of the time series is 3.1 mm for north, 4.4 mm for east

and 15.3 mm for up component.
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Figure 4. A jump in METS time series at DOY
90 is caused by a misinterpretation of the antenna
in data processing.
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Figure 5. Seasonal effect on time series at
ROMU station. Accumulated snow drops off
from top of the antenna radome shortly after
DOY 70.

Table 1. Accuracies and deviations of the time series of the daily static solutions.

. rms (mm) std (mm)
Station N E U NTEIU
DEGE 24| 40140 24| 1.7] 6.8
JOEN 33| 1.7]11.6] 28| 1.7| 5.8
KEVO 421113142 ] 42| 35| 82
KIVE 1.9 49| 79| 2.0 22| 43
KUUS 381 64| 2929|3129
METS 581 6.1 174 1.8 | 1.2] 3.1
OLKI 3.8 1.8121.7]12] 13|49
OULU 20| 28225 19| 1.2] 4.5
ROMU 1.5 35173 1.5| 1.6 ] 3.1
SODA 1.8 47| 96| 0.7] 09| 2.7
TUOR 271 26| 32| 14| 1.6 3.1
VAAS 52| 36[359] 1.7 16| 44
VIRO 23] 42120.6| 13| 1.1 ] 2.7
average 31| 44153 | 20| 1.7 | 44

Small deviation reflects to successful estimation of station parameters (e.g. atmosphere) at the
network stations since the virtual data seems to be homogeneous of quality. However, the
deviation has increased at some stations since the update of the network coordinates. It is thus
evident that precision of the network has an explicit influence on repeatability.
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Large rms of the results indicates to remaining systematic errors that are most likely
composed of the imprecise reference coordinates and interpolation errors. Additionally, the
results may include other systematically ill-modelled effects e.g. ionosphere, troposphere, etc.
Influences of separate factors are difficult to estimate without further studies and information.
However, already a short time series illustrate that the network coordinates are in a key role.
As the time series are still short, no further analysis is done yet. Also probabilities and other
statistical parameters of virtual data are too early to comprise.

3.2 Hourly and kinematic solutions

Short-term quality of virtual data was studied by computing zero-baselines from short static
and kinematic sessions at FinnRef stations. One week of data (GPS week 1373, DOY 120-
126/2006) was processed with 30-second interval for both tests. Hourly static solutions were
to give information about sub-daily variations while kinematic solutions were to reflect
instantaneous quality to be expected in real-time surveying. Sub-daily variations are caused
by e.g. changing tropospheric and ionospheric activity and satellite constellation. Thus they
reflect the success of network parameter estimation. If variation has daily or semi-daily cycles
they may arise from either changing constellation or tidal related effects though also
ionospheric activity have a cyclic nature.

Periodicity of time series was not yet analyzed by any mathematical method. However, some
stations show nice and apparent periodicity in time series. Even hourly solutions show
periodicity at some stations though the signal is much weaker than in the time series of
kinematic solutions. Periodicity is stronger and more detailed seen in kinematic solutions even
if the noise is bigger. Figures 6 and 7 introduce the time series of hourly and kinematic
solutions at KIVE station, respectively.
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Figure 6. Time series of the hourly solutions at Figure 7. Time series of the kinematic solutions
KIVE station. Periodicity as peaks is visible at at KIVE station. Same periodicity as in hourly
the end of each day. solutions is seen but with more details.

With hourly solutions periodicity seems to be a matter of satellite constellation since the
peaks are clear when constellation is poor for a longer while. It is obvious and seen also from
the standard deviations of the solutions that during such periods baseline solution is also
weaker even if hourly data should be sufficient enough for reliable baseline solutions (since
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our baselines are very short). Time series of KEVO has many unsuccessful hourly solutions
(see Figure 8) while daily solutions show no significant deviation (cf. DOYs 120-126 in
Figure 3). However, also many kinematic solutions are deteriorated (Figure 9). Weak
solutions may be caused either by unsuccessful processing or bad data quality or both.
However, it is difficult to distinct the cause. Further analysis for the data and e.g. atmospheric
factors are to be done later. Also periodicity of the kinematic solutions will be studied in more
details later. Tables 2 and 3 summarize the time series of the hourly and kinematic solutions.
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KEVO station with many unsuccessful solutions.
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Table 2. Accuracies and standard deviations (gross errors excluded) of the time series of the hourly

solutions.

: rms (mm) std (mm)
Station N E U N E U
DEGE 7.0 62]220| 7.0| 4.8 ]|14.2
JOEN 80| 44200 79| 43164
KEVO 26.1124.0]32.7]26.1|21.3]31.2
KIVE 10.8 ] 82 (21.8|10.8| 7.4|20.6
KUUS 34| 51| 70| 27| 24| 6.9
METS 7.7 6.0[195| 48| 2.6| 9.1
OLKI 46| 26[240| 29| 1.6| 6.5
OULU 41 471241 41| 4.0]10.7
ROMU 45| 5.1]1203| 45| 3.6|11.5
SODA 25| 481104 1.8 1.6| 5.2
TUOR 371 27| 75| 30| 1.8| 7.3
VAAS 65| 40(372| 42| 28| 89
VIRO 38| 431206 29| 21| 54
average 71| 63]205| 64| 4.6 |11.8
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Table 3. Accuracies and standard deviations (gross errors excluded) of the time series of the kinematic
solutions.

: rms (mm) std (mm)
Station N E U N E U
DEGE 15.0]10.1 |31.4|15.0| 8.8|27.6
JOEN 20.7 | 11.5]34.9]20.7 | 11.4|33.1
KEVO 22.2121.5]57.1122.2|19.1 564
KIVE 19.2 1 12.5]32.0]19.2 | 11.7 | 31.5
KUUS 86| 72]192] 85| 55]19.2
METS 11.6 | 84123.0| 9.6| 5.1|17.6
OLKI 94| 54130.0| 89| 48|17.2
OULU 13.5] 9.1 38.8]13.5| 8.6|30.9
ROMU 13.4 ] 8.8]33.7|134| 83290
SODA 87| 73|195| 84| 53]17.7
TUOR 93] 55|174| 90| 511|174
VAAS 109 6.8140.8| 9.6 | 6.1|20.5
VIRO 7.8 571239| 73| 3.8|12.1
average 131 92309 |12.7| 8.0 |25.4

4. SPATIAL QUALITY OF VIRTUAL DATA

Spatial quality of virtual data was studied on a regional and local scale. Regional quality was
to qualify the results nationwide while local quality studies interpolation errors.

4.1 Regional quality

The need for a study of regional quality came up with the analysis of the daily time series
where a clear effect was seen after the update of GPSNet.fi network coordinates. The
coordinates were forced to EUREF-FIN frame even if a well-known land uplift phenomenon
has deformed the crust in Finland since the reference epoch (1997.0) of EUREF-FIN. Seeing
that the effect of land uplift and interpolation of network parameters is mainly going to up
component we concentrate in heights.

As a first stage we took average of time series for up component at each station. Mean values
are drawn and contoured in Figure 10. Mean values were first computed related to METS
station and then converted into absolute land uplift values. They were compared to the latest
uplift rates published in Koivula, 2006. Figure 11 show the land uplift map corresponding to
those rates and Table 4 gives the absolute land uplift rates determined with both methods. As
we can see the isobars fit quite nicely with an exception at VIRO station. VIRO seem to differ
from all the other stations significantly. Further analysis on this is required. However, by
excluding VIRO station from the results at this stage and fitting a regression line through the
uplift rates computed from FinnRef and virtual data, we get a nice correlated data set (see
figure 12). R-squared for this line (0.794) is surprisingly high. Hence it is obvious that virtual
data describes explicitly possible deformations in reference frames or accurateness of VRS
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network via network coordinates. In Finland biased adjustment method in the computation of
GPSNet.fi network coordinates was a compromise that require further discussion in the
future. The dilemma of land uplift is well known in Fennoscandia and it is at high priority e.g.
within NKG (Nordic Geodetic Commission) community. In the near future there should be
the first geodynamical model available that should produce better results.
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Figure 10. Regional accuracy of virtual data Figure 11. Land uplift computed from
for up component. FinnRef time series. Contours drawn
according to uplift rates published in
Koivula, 2006.
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Figure 12. Correlation between land uplift rates computed from FinnRef (Koivula, 2006) and virtual
data. VIRO station excluded from the fit.
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Table 4. Absolute land uplift (AL) rates computed from FinnRef and virtual data. Table gives also
mean up component ([1U) of the zero-baseline time series.

Station FinnRef Virtual data

AL (mm/a) | AU (mm) | AL (mm/a)
DEGE n/a 12.30 5.21
JOEN 2.49 10.09 5.45
KEVO 2.11 11.57 5.29
KIVE 5.89 -6.62 7.24
KUUS 5.66 0.02 6.53
METS 4.69 17.14 4.69
OLKI 6.97 -21.17 8.80
OULU 8.00 -22.11 8.90
ROMU 3.86 17.00 4.71
SODA 6.43 -9.19 7.52
TUOR 6.30 0.74 6.45
VAAS 8.30 -35.61 10.35
VIRO 2.46 -20.40 8.72

4.2 Local quality

As we saw the time series results differed quite much between the stations. Standard
deviations of daily solutions for up component varied from 2.7 mm to 8.2 mm between
stations. The scatter in accuracy was even bigger. Part of the accuracy obviously results from
the coordinates of the VRS network but some part could be allocated to the interpolation
biases. Since we found clear evidence that the network coordinates influence on the accuracy
we came to a conclusion that standard deviation (=precision) could better reflect the success
of virtual data generation. Surely the coordinates will affect precision too but mainly its effect
1s systematic of nature. Another problem with accuracies is that it is very difficult to distinct
which part comes from the precision of the VRS network and which part from the
interpolation during the virtual data generation. Hence we concentrate on standard deviations.

If we look at the standard deviations and distances to master station we find a connection. If a
station is close to the master station the deviation seems to be smaller than at those stations
further away. The effect is seen both in daily and hourly solutions. Figures 13-16 illustrate the
daily and hourly time series at the closest and furthermost stations from the master station.
Figure 17 shows the connection for all stations but KEVO. KEVO is the northernmost station
and at the edge of the network. Daily solutions show that there was a clear change in trend
after coordinate update of the VRS network that has to be studied further. Also hourly
solutions indicate that there might be poor data or some other problems. Therefore we
excluded KEVO from the study. We fitted a regression line through the rest of the data and
got a correlation of R=0.745 which clearly shows some connection between the standard
deviation and distance to the master station. The correlation is however not so evident than
influence of land uplift. Anyhow with the results we can conclude that also interpolation
distance has a role in the quality of virtual data.
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Figure 13. Daily solution time series at SODA.
SODA is the closest station to master station
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Figure 15. Hourly solution time series at SODA.
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Figure 14. Daily solution time series at DEGE.
DEGE is the furthermost station from the master
station (3 1km).
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Figure 16. Hourly solution time series at DEGE.
DEGE is the furthermost station from the master
station (31km).
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Figure 17. Spatial correlation of virtual data. A dependency of standard deviation and distance to
master station was found. This indicates to increasing interpolation bias further away from master

station.
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5. CONCLUSIONS AND DISCUSSION

Time series of the zero-baselines show that quality of virtual data is quite homogeneous. With
daily static solutions standard deviations are in the range of few millimetres for all stations
and coordinate components. From daily solutions we can conclude that the accuracy is highly
dependent on the coordinates of the VRS network. Also increasing interpolation distance i.e.
distance from the master station contributes the error budget.

Hourly and kinematic solutions show more details in time series. Some daily periods are seen
even without any mathematical analysis. These may indicate either to remaining biases in the
network parameter estimation or unsuccessful baseline processing. Latter may be caused by
poor satellite constellation or bad data quality. Kinematic solutions give a picture of the
accuracy that could be expected in real-time surveys.

The study showed that the reference station coordinates are in a key role to good results.
However, e.g. land uplift causes problems and time series show a good correlation between
land uplift rates computed from the national permanent GPS network and from the virtual
data. Hence it is evident that biases in the reference coordinates (or frames) explicitly affect
the virtual data quality.

Even a short time series proves the potential of the virtual data. However, more data, further
studies and analysis are required on many subjects. Problems in reference frames also require
further discussion.

REFERENCES

Hékli, P., 2004, Practical test on accuracy and usability of Virtual Reference Station method
in Finland, FIG Working Week 2004, Conference Proceedings, Athens, Greece, May 22-27,
2004.

Hékli, P. ja H. Koivula, 2004, Virtuaali-RTK (VRS™) tutkimus, Geodeettisen laitoksen
tiedote 27, Helsinki 2004. ISBN 951-711-253-X. 60s (In Finnish).

Hékli, P. ja H. Koivula, 2005, Reaaliaikaisen GPS-mittauksen laatu, Maanmittaus, 80.
vuosikerta, N:o 1-2, 2005 (In Finnish).

Hékli, P., H. Koivula and 1. Evele, 2006, Quality of geodetic GPS, NKG General Assembly,
Poster presentation, Copenhagen, Denmark, May 28 — June 2, 2006.

JHS 154, Julkisen hallinnon suositus JHS154, ETRS89-jérjestelmiin liittyvét karttaprojektiot,
tasokoordinaatistot  ja  karttalehtijako. ~ (In  Finnish). ~ Online:  http:/www.jhs-
suositukset.fi/suomi/jhs154

PS 5.1 - RTK /CORS 13/14
Pasi Hakli
Quality of Virtual Data Generated from the GNSS Reference Station Network

Shaping the Change
XXIII FIG Congress
Munich, Germany, October 8-13, 2006



Koivula, H., 2006, Implementation and Prospects for Use of a High Precision Geodetic GPS
Monitoring Network (FinnRef) Covering Finland, Licentiate Thesis, Helsinki University of
Technology, Department of Surveying, 2006.

Maikinen, J., H. Koivula, M. Poutanen, V. Saaranen, 2003, Vertical velocities in Finland from
permanent GPS networks and from repeated precise leveling, Journal of Geodynamics 38
(2003) 443-456.

Ollikainen, M., H. Koivula and M. Poutanen, 2000, The Densification of the EUREF Network
in Finland, Publications of the Finnish Geodetic Institute, No. 129, Kirkkonummi, 2000.

CONTACTS

Pasi Hékli

Finnish Geodetic Institute

Department of Geodesy and Geodynamics
PL 15 (Geodeetinrinne 2)

F1-02431 Masala

FINLAND

Tel. +358 9 295550

Fax +358 9 29555200

Email: pasi.hakli@fgi.fi

Web site: http:/www.fgi.fi/

PS 5.1 - RTK /CORS 14/14
Pasi Hakli
Quality of Virtual Data Generated from the GNSS Reference Station Network

Shaping the Change
XXIII FIG Congress
Munich, Germany, October 8-13, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /FIN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


