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1. INTRODUCTION

Spatial configuration of DGPS permanent reference station elements has an effect on
performance of the entire system. Arrangement of station elements, such as broadcast
antenna and reference masts, requires allowance and further linking together number
of technical, operational and terrain factors. Some technical and operational factors as a
rule are determined by equipment manufacturer, however terrain factors are
conditioned by terrain character of the future reference station site. Terrain character
is a composition of its surface shape and all geographical features situated within the
reference station surroundings. These factors often can cause certain difficulties during
recommended elements’ arrangement of the planned reference station.

This elaboration presents applications of visibility analysis in planning spatial location
of reference station GPS antennas. Visibility, or viewshed, analysis is usually available
in various computer programs of Geographic Information System environment. It can
be performed from any point situated in three-dimensional space of elaboration range.
In the case of such elements as permanent GPS antennas, application of visibility
analyses solves a problem of their location with allowance of surroundings and
geographical features, which can cause limitation of visibility of satellites and
occurrence of multipath. By performing this kind of analyses can be determined three-
dimensional position of GPS antennas, which meets such requirements as recommended
horizon visibility.

2. CONFIGURATION OF DGPS REFERENCE STATION

Proper choice of place for DGPS station is an important stage during configuration of
the whole system. This stage is often complicated due to many factors, which should
fulfill reference station site. These factors can be divided into two elements. The first
group of factors is bound up with some technical recommendations, which describe the
installation of the equipment in the proposed reference station site. In the case of
creation of the new station, there should be considered such factors as geographical
location of proposed station place, technical aspect of location of station equipment,
radiobeacon transmitting antenna or reference mast (Ketchum, Lemmon, Hoffman
1997). The second group consists of more pragmatic factors like regulation issues,
property of allotment, issue of site adoption for system architecture or future site
supervision.



— 78 —

In the case of superiority of the second factors, proper assessment of the future
reference system architecture requires accurate spatial planning. A good example is
placement of the GPS antennas in three-dimensional space with consideration of
existing obstacles, which limits number of visible satellites. Theoretically, the best
system configuration should ensure visibility of satellites around the whole sky area
above the horizon due to satellite orbits geometry and signal structure. Practically, in
the proposed site of reference station are situated various obstacles. Geographical
features like trees, buildings, forestry, masts, chimneys and others are reason of
decreasing visibility of the satellites. The second problem is related to obstacles situated
in the vicinity of the reference mast, which can cause multipath, i.e. indirect signals
reflected from any obstacles. Generally, the obstacles can obturate the horizon up to
10°. Grater degree of sky obturation can cause signal loss. However, multipath
decreases quality of data and finally accuracy of calculated position.

According to recommendation of Leica reference station guide (Leica Geosystems), the
best antenna position should ensure visibility of sky above 10° of its horizon. Lack of
obstacles in this part of sky view should ensure high accuracy of data. The obstacles,
which obturate the view above the antenna horizon, are presented in figure 1.

Fig. 1. Graphically example of sky obturation by various objects.

3. DGPS REFERENCE STATION IN DZIWNOW

Permanent reference station in Dziwnow is placed on the Polish coast of Baltic Sea and
is used generally for maritime navigation, sounding operations, dredging works and
buoys positioning (Sledzinski 2002).

Reference station site is situated in afforested area, behinds seaside dunes. It consists of
two separated areas. In the first area is situated transmitting antenna whereas in the
second reference mast with system equipment. Presented study is limited to GPS
permanent antennas placement, thus the further consideration are related to the second
part of reference station. Presently this location does not fulfill condition of effective
view of the sky, what is caused by trees situated behind the station allotment. GPS
antennas are situated on the roof of nautical station building at the height of about 4 m
above terrain (fig. 2).
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Fig. 2. View of nautical station in Dziwnow; (A) GPS antennas, (B) transmitting
antenna.

Height of trees are much bigger and varies within ranges from 6.69 m to 12.40 m. Apart
from this, within the borders of lot is situated one separate tree and minor building,
which is about 2.5 m high. Terrain elevations changes from 4.5 to 5.0 m. Situation
sketch of nautical station is presented in figure 3.
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Fig. 3. Situation sketch of nautical station lot.
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4. VISIBILITY (VIEWSHED) ANALYSIS

Visibility or viewshed analysis basically is performed by using raster data format of
digital surface model or digital terrain model. Viewshed identifies the cells in an input
raster that can be seen from observation points. Raster cells that cannot be seen from
observer point or points have value of zero. When the raster cell is visible it value is set
to one. Thus, the output raster identifies areas, which are visible or not visible from
observer point or points by giving them values one or zeros. This feature is very useful
during finding location of various observing sensors, e.g. radar sensors (Lubczonek
2008).

Viewshed analysis in ArcGis program has many parameters, which can define limited
model of the field of view. Default values of viewshed analysis perform analysis in the
full vertical and horizontal angle. Determination of position of GPS permanent
antennas requires limitation of vertical angle of view and setting vertical offset of
observation point. Vertical angle should mask visibility to 10° above antenna horizon,
while value of offset represents antennas height (fig. 4).

Field of view

Observation point

z 10° IO‘JE/

Offset of observation point
Digital surface or terrain

Fig. 4. Graphically presentation of parameters used in viewshed analysis.

Accuracy of viewshed analysis depends mostly on spatial accuracy of digital surface
model of land cover, which consists of natural features, like trees, and artificial ones like
buildings, masts and other constructions. One of the essential elements of digital surface
model is a terrain shape, which can play an important role in determination of the
proper observation points. For the purpose of this work a digital surface model was
prepared from data of field measurement and cadastral maps. It consisted of three
elements: terrain, building of nautical station and surrounding trees. Created raster
model of DSM was presented on fig. 5.
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Fig. 5. Raster model of digital surface model.

S. DETERMINATION OF GPS ANTENNAS POSITION BASED ON VISIBILITY
ANALYSIS

Visibility analysis is performed by using certain set of observation points or just one
point. Thus, result of analysis is strictly bound up with each point coordinate. More
convenient form of analysis is representation its results continuously over domain of
elaboration terrain. Such form of representation enable to identify more precisely
position of observation points. This advantage is essential during precise determination
of 3D position of observation points within terrain of complicated spatial geometry or
within border of small lots, which have usually limited space for future GPS antennas
platforms.

This case of analysis concerns location of GPS antennas in Dziwnow place. Method of
determination of area for GPS antennas placement and calculation of their heights was
performed in following steps:

1. creation of polygon of equally spaced points within area of reference station lot

2. calculation of percentage ratio of obturation for each point

3. creation of spatial model of percentage ratio of obturation by application of
interpolation method

4. determination of required antenna height above sea level, which minimise
obturation ratio

5. calculation of antenna heights above ground

Polygon of points of the same heights, equally spaced within area of future antennas
location is presented in figure 6. More points is situated in the middle part of lot,
because they are apart from obstacles, e.i. trees, what makes them potential location of
GPS antennas.
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Fig. 6. Points' polygon used for calculations of sky obturation ratio.

For each point was performed viewshed analysis and it results were used for calculation
of percentage ratio of obturation (PRO). It expresses proportion of the sky obturation
causing by terrain obstacles. Percentage ratio of obturation can be expressed by the
formulae:

PRO, =100- %
A

where:

PRO; — value of percentage ratio of obturation in i observation point of polygon [%]
a; — visible area of DSM, or obstacles, from i point [mz]

A, — visible area of DSM, or obstacles, from all points () [mz]

n — number of observation points of the same heights

Calculated values for each data point were used for building spatial model of PRO by
applying kriging surface interpolation method. This is the one of the most suitable
method for surface interpolation in the aspect of used data points, i.e. its spatial
distribution and density (Lubczonek, Stateczny 2005). New values were interpolated
according formulae:
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whre: (h;j) —semivariance between sample data i and j; (hip) — semiwariance
between polygon and interpolated point; n — number of points used in interpolation.

Finally, interpolation function f(x,y) can be expressed as below:
Sx,y)= Zwizi
i=1

By increasing antenna height was created next surface, presented in raster form with
spatial resolution of 0.2 m. Each surface allow for assessment of changes in obturation
ratio within the lot of reference station. The zero or near zero values of raster surface
identified potential area of GPS antenna placement.

The last step was calculation of antenna heights above ground. These values are
obtained by application of raster arithmetic; raster with optimal heights values of
observation points above sea level was subtracted from raster of digital surface model,
according the formulae:

Ch = CH B CDSM

C;, — matrix of raster cell values of minimum antenna height above ground
Cy — matrix of raster cell values of observation points’ height above sea level
Cpsu — matrix of raster cell values of elevation of DSM above sea level

6. ANALYSIS AND RESULTS

Analysis was performed for four different antenna heights’ values: 9m, 12m, 15m and
16m above sea level. Technically, GPS antennas should be mounted on very stable
construction, which are resistant to deformation or sway. Thus, the new proposed
construction like masts or frameworks should not be too high or enough high to ensure
proper visibility of satellites.

In this study, to calculate adequate height of antenna, in the first step for each heights of
observation points was performed viewshed analysis and then calculated percentage
ratio of obturation in the plane XY.

First surface of visible obstacles was calculated for antenna heights of 9m and is
presented in figure 7. The biggest values of PRO are located in the middle part of lot of
nautical station, where actually are situated GPS permanent antennas.



_ 84—

14°43'49'E 14°43'50'E 14°43'51"E
| 1 |

54°119"N A F54°1'19"N

PRO
[ 54%- 56%
[ 52%- 53%
[ 49%- 51%
] 46%- 48%
[ ] 43%- 45%
[ ] 40%- 42%
[ ] 37%-39%
[ 34%- 36%

S411ENT [ 30%- 33% i 54°1'18"N

T T
14°43'49'E 14°43'50'E 14°43'51"E

Fig. 7. PRO values at antenna heights of 9 m.

Next calculation was performed for height of 12 m and results were presented in figure
8. The area of PRO was changed. Higher elevation of antennas enlarges terrain area
with smaller percentage of obturation within 0% - 5%.
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Fig. 8. PRO values at antenna heights of 12 m.

Results of calculation for antenna height of 15 m were presented in figure 9. At this
height obstacles obturate the horizon for less than 3% in the grater part of station
allotment.
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Fig. 9. Obturation ratio at antenna heights of 15 m.

When antenna height equals 16 m, no obstacles limit the view of horizon, thus this value
is recommended as minimum antenna height above sea level.

The last step is calculation of antenna heights above ground with consideration of
digital surface model. The antennas heights are represented also in the raster format,
so by applying so-called raster arithmetic, raster of 16 m heights was subtracted from
DSM. Results in the form of raster model as values of minimum heights of GPS
antennas are presented in figure 10.
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Fig. 10. Minimum antenna heights above ground.
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Results of analysis can be also combined. For example we can determine area of lot with
PRO values within range 0%- 3% at antenna height of 15 m above sea level (fig. 11).
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Fig. 11. Combined presentation of viewshed analysis and antennas heights above
terrain; colour of PRO values within range 0%- 3% is transparent.

Final location of GPS antennas mast requires individual visibility analysis in the case of
acceptance of some obstruction for further assessment of visible satellites.

Additional aspect of analysis is allowance of future trees heights, which requires
knowledge about stand quality classification. In that case, visibility analysis should just
include future heights of trees.

7. CONCLUSION

Paper presents aspects of spatial location of GPS permanent antennas by using visibility
analysis. For this purpose was prepared digital surface model of examined area and was
performed visibility analysis. Visibility analysis was presented as continues values in the
form of two-dimensional plotting of percentage ratio of obturation. These values can be
used for localization of GPS permanent antennas in the aspect of minimizing influence
of obstacles on system performance. Additionally, by applying raster arithmetic can be
calculated required height of antenna over terrain and potential useful buildings.



— 87 —

REFERENCES

Ketchum R. L., Lemmon J.J., Hoffman J. R. 1997, Institute for Telecommunication
Sciences, Site Selection Plan and Installation Guidelines for A Nationwide
Differential GPS Service, Boulder, Colorado.

Leica Geosystems, GPS Reference Stations and Networks. An introductory guide,
www.leica-geosystems.com

Lubczonek J. 2008, Application of GIS technique in VTS radar stations planning,
Proceedings of International Radar Symposium IRS 2008, A. Kawalec, P.
Kaniewski Eds. Wroclaw.

Lubczonek J., Stateczny A. 2004, Methods of Comparative Navigation, Chapter VI
Numerical Terrain Models, Gdanskie Towarzystwo Naukowe, Gdansk (in Polish).

Sledzinski J., 22-24 September 2002, National Report of Poland, Report presented to
the Civil GPS Service Interface Committee. International Information
Subcommittee (CGSIC/IISC), Portland, Oregon, USA.








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


