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1. INTRODUCTION 
 
Thanks to uniform coverage of the area of Poland by a network of GNSS reference sta-
tions, the ASG–EUPOS precision positioning satellite system has made possible the utili-
zation of satellite technology for the highly–precise specification of position throughout 
the whole of the country. Moreover, by including the reference station network into the 
dual–function first order network, it has become possible to conduct spatial measure-
ments applying a reference system that is consistent throughout the entire area of the 
country. 
This paper presents an analysis of the possibility for utilizing network RTK adjustments 
made available in real time by the NAWGEO service for monitoring the displacement of 
points. The analysis was conducted in terms of frequency of movement of the examined 
point, the accuracy of the defining of the registered components of the point (in the N–S 
and E–W directions), and the reliability of motion identification of the monitored point 
as a function of point position measurement errors and the age of the RTK correction. 
A leveling head equipped in a stepping motor, making possible the precision program-
ming of motion frequency, amplitude, and direction (Figure No. 1), was used to estimate 
the monitoring accuracy of the displacement for motion modeling. Table No. 1 contains 
the motion model parameters that were used during the measurement experiments. The 
motion amplitude (1 cm) was selected so that the studied displacement values were on 
the level of the theoretical accuracy of point location determination as based on the 
NAWGEO service (the theoretical accuracy guaranteed by the service is ±0.03 m for the 
horizontal component). The Fast Fourier Transform (FFT) was used to analyze the fre-
quency and amplitude of time series. 
 

       Table 1. Parameters of displacement model  

 
 
 
 

 

Type of motion harmonic 
Amplitude 1   cm 

Frequency 
high (period: 16 sec) 
medium (period: 16.5 min) 
low (period: 70 min) 

Motion azimuth 135° 

            Fig. 1. Automatic motion system.
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2. FIELD TESTS 
 
Measurement experiments were conducted on two testing fields (Figures No. 2 and No. 
3)—Józefosław and Żelechów. This is because the structure of the ASG–EUPOS 
network station on the day of the measurements (February 17, 2009) on the test field in 
Józefosław were not representative for the entire network (data from the JOZE and 
CBKA stations were not available). A Leica GX1230GG GPS receiver with a Leica 
AX1202CG antenna (10° mask angle) were used for the test. NMEA data were 
registered with a 1 second interval. The positions of the points were specified on the 
basis of the RTK MAC RTCM 3.1 adjustment received by way of the NTRIP protocol 
and GSM/GPRS packet transmission. 
The first of the conducted measurement experiments (conducted at the Józefosław test 
field) was a measurement of the displacement of a point for which the motion model pe-
riod amounted to 16 seconds at an amplitude of 1 cm and a measuring time of 34 mi-
nutes (2,048 determinations). Figure No. 4 presents the time series for the N–S (a) and 
E–W (b) motion components as well as the displacement of the point in the motion azi-
muth (c). Figure No. 4 (d) presents an enlarged fragment of the registered displacement. 
Analysis of the above graphs shows that although over a long time period the deter-
mined values are encumbered by errors (the long term trend was present over the entire 
time of measurement), the short–term cohesiveness of the data is large (clearly regis-
tered harmonic motion with an amplitude of 1 cm). It is possible to isolate two basic mo-
tion frequencies on the basis of the amplitude spectrum (Figure No. 5)—the S1 wave (a 
period of 34 minutes and an amplitude of 0.005 m) and S2 waves (a period of 16 seconds 
and an amplitude of 0.008 m). The modeled motion was unequivocally interpreted as the  

Fig. 2. Józefosław test field. Fig. 3. Żelechów test field. 
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Fig. 4. Time series for displacement of the point, test 1. 
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S2 wave (the error in defining the amplitude amounts to 0.002 m). For its part, the S1 
wave described the long–term coordinate trend that was present over the duration of the 
whole of the measurement. 
A successive test measurement (the Żelechów test field) was conducted for point motion 
with a period of 16 minutes and 32 seconds and an amplitude of 1 cm. The duration of 
the measurement was 134 minutes (8,029 determinations). Figure No. 7 presents regis-
tered time series for the N–S and E–W components as well as for the displacement of the 
point in the motion azimuth. It is possible to define four main motion components on the 
basis of the spectral analysis (Figure No. 6): the S1 wave (a period of 136.5 minutes and 
an amplitude of 0.005 m), the S2 wave (a period of 45.5 minutes and an amplitude of 
0.005 m), the S3 wave (a period of 27.3 minutes and an amplitude of 0.005 m), and the 
S4 wave (a period of 17.0 minutes and an amplitude of 0.006 m). Figure No. 8 presents 
the filtered point motion—waves S1 + S2 + S3 + S4. Spectral analysis does not make 
possible an unequivocal defining of point motion parameters (the motion model was de-
fined as the S4 wave with a period error of 30 seconds and amplitude of 0.004 m). It was 
additionally discovered that the frequencies are linear combinations of the S4 (f S1 = 3 · 
f S2 = 5 · f S3 = 8 · f S4). 
The reason behind the lack of unequivocal identification of point motion may be signifi-
cant measurement errors in the determination of the component in the direction of the 
local meridian, which is also visible in the time series of the N–S component, where the 
harmonic motion is not visible (Figure No. 7). Spectral analysis conducted separately for  
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Fig. 5. Spectral analysis for displacement of the point in the motion azimuth, test 1. 
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Fig. 7. Time series for displacement of the 
point, test 2. 
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Fig 6. Spectral analysis , test 2 

0 1000 2000 3000 4000 5000 6000 7000 8000
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

Time [s]

∆ 
D

 [m
]

signal S1+S2+S3+S4
measured points

 

Fig. 8. Filtered point motion, test 2. 
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the N–S and E–W components (Figures No. 9 and No. 10) also confirm that in as much 
as the S4 wave, corresponding to the motion model (a period of 17.0 minutes and an am-
plitude of 0.008 m) was univocally defined in the direction of the first vertical, for the N–
S component that wave is completely suppressed. The reason for such a disproportion in 
spectral analyses for the two directions is primarily the unfavourable geometry of the 
GNSS satellite measurement section for medium geographical latitudes (40°–60°). Figu-
re No. 11 presents errors involving the geometry of the satellite constellation for the GPS 
system, which presents the N–S DOP and E–W DOP geometrical coefficients, respective-
ly for components of the local meridian in the first vertical. 
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Fig. 9. Spectral analysis, N-S component. 
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Fig. 10. Spectral analysis, E-W component. 
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Fig. 11. Geometrical coefficients DOP. 

Table 2. Determinations of S4 wave amplitude 

Amplitude 
of  S4 wave Total  Interval 1 Interval 2 

N-S 0.000 m 0.009 m 0.007 m 
E-W 0.008 m 0.010 m 0.008 m 

 D 0.006 m 0.013 m 0.011 m 
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Fig. 12. Spectral analysis, interval 1. 
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Fig. 13. Spectral analysis, interval 2. 
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In order to improve the certainty of determining the motion of the point on the basis of 
registered motion components, two time intervals were selected for analysis (interval 1 
of a length of 20 minutes and interval 2 with a length of 40 minutes) for which the accu-
racy of determination of both components is on a similar level (see Figure No. 11). The 
spectral analysis for both intervals (Figures No. 12 and No. 13) for the N–S and E–W 
motion components as well as point motion in the azimuth demonstrated that for so se-
lected intervals the motion model was precisely and unequivocally defined for each of 
the analyzed signals (see Table No. 2). 
The last field test (Żelechów test field) was conducted for the motion model with a 69 
minute 54 second period and an amplitude of 1 cm. The duration of the test amounted to 
200 minutes (12,029 determinations). In analyzing the time series (Figure No. 14) for the 
motion components (a, b) as well as for the change in length at the motion azimuth (c), it 
should be stated that the short–term disruptions caused by measurement errors did not 
have a significant impact on the long–term motion of the point. The conducted spectral 
analysis for the point motion at the azimuth is defined by the basic S1 wave with a fre-
quency of 68 minutes 18 seconds and an amplitude of 0.009 m (Figure No. 14d). 
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Fig. 14. Time series for displacement of the point (a,b,c) and spectral analysis (d), test 3. 
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Fig. 15. Correlation between residual values (a), error in determining the position 
of the point (b) and the age of RTK corrections (c). 

a) 
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The graph (a) in Figure No. 15 presents the residual values for the registered point dis-
placements in the motion azimuth following the subtraction of the S1 wave. In analyzing 
these values it is possible to notice periodic disturbances that may impede the interpreta-
tion of results. The remaining graphs in Figure No. 15 present the error in determining 
the position of the point (b) and the age of the RTK correction (c) as registered by the 
receiver. In analyzing the error change jumps determining the position of the point as 
well as the age of correction it is possible to notice a correlation between those values 
and the periodic disruptions for point displacement residuals (marked using a dotted 
line for individual changes and depicted as areas for the whole of the period where resi-
dual disruptions correlate with the jump in accuracy). Thus, such an analysis raises the 
reliability of determination of displacement identifying changes in coordinates that were 
caused by changes in the precision of determining the position of the point or changes in 
the age of correction. 
 
3. CONCLUSIONS  
 
The following conclusions may be drawn on the basis of the conducted field tests in mon-
itoring the position of a point on the basis of Network RTK corrections as delivered by 
the NAWGEO service of the ASG–EUPOS network: 
• Monitoring the positions of points on the basis of the NAWGEO service makes possi-

ble the identification of harmonic motion with an amplitude of 1 cm (the theoretical 
accuracy guaranteed by the NAWGEO service should not exceed ±0.03 m for the ho-
rizontal component). 

• Determination of coordinates on the basis of network RTK technology is characte-
rized by significant cohesion over the short time interval—harmonic motion with a 
period of 16 seconds was precisely identified. 

• The N–S component of the point location is harder to determine than the E–W com-
ponent. This is a result of the geometrical placement of the satellites (see the N–S 
DOP and E–W DOP coefficients), where in registering the components of point dis-
placement, only those intervals should be taken into account for which the precision 
of the determination was on a similar level, 

• Analysis of the age of the RTK correction as well as the accuracy of determination of 
position allow for the identification of time intervals for which determination of dis-
placement should be treated with care. 
 

REFERENCES 

Kim J., Park B., Kee C., Cleveland A., Parsons M., Wolfe D. (2004) : Budget Analysis 
and Realization of Precise RTK-GPS Via Compact Correction Messages Applied to 
Commercial GPS Receivers, Proc. of the ION GPS-2004 National Technical Meet-
ings, Long Beach CA, USA, Sept. 21-24, 2004. 

Szpunar R., Walo J. (2005) : Diplacement monitoring by GPS-RTK applying FIR filters. 
Materiały konferencji EUREF, 2005. 

 



<<
  /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


