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Fourier transform is the most popular method of frequency
detection in time signals
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CoordinatesCoordinates analysisanalysis needneed differentdifferent toolstools suchsuch as FFT (Fast as FFT (Fast 
Fourier Fourier TransformsTransforms) as ) as wellwell as as waveletwavelet transformtransform..

WaveletWavelet transformtransform isis adoptedadopted inin casecase ofof nonnon--stationarystationary signalssignals, , 
i.ei.e. . signalssignals carryingcarrying componentscomponents ofof frequencyfrequency changingchanging inin timetime. To . To 
understandunderstand waveletwavelet transformtransform we we needneed to to useuse convolutionconvolution ofof a a givengiven
signalsignal withwith thethe functionsfunctions receivedreceived by by scalingscaling andand shiftingshifting ofof soso calledcalled
mothermother waveletwavelet..

CoefficientCoefficient ofof waveletwavelet transformtransform isis thethe measuremeasure ofof corelationcorelation ofof
investigatedinvestigated signalssignals andand analysedanalysed waveletwavelet.  .  ‘‘s’ ’ correspondscorresponds to to thethe scalescale
parameterparameter ((inversioninversion ofof frequencyfrequency),  ),  timetime lag lag mothermother waveletwavelet describeddescribed by by 
parameterparameter andand . . DueDue to to factorfactor waveletwavelet energyenergy ofof
analysedanalysed waveletwavelet isis not not changingchanging withwith thethe scalescale..

t 1=s 0=t s
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ExampleExample ofof twotwo mothermother waveletswavelets
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MotherMother waveletwavelet isis wellwell concentratedconcentrated as far as as far as timetime andand frequencyfrequency. . TheseThese
conditionsconditions determinedetermine thatthat thisthis functionfunction hashas atat leastleast a a fewfew oscillationsoscillations. . ThatThat isis whywhy itit

isis a ‘a ‘shortshort waveletwavelet’. ’. 

ò = 0)( dtty 0)( =Y w
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LONG 
ZIMM, VILL, POTS, ONSA, METS, MAS1, KOSG, KIRU, JOZE, GRAZ, GRAS

These stations have time series of 4654 - common days observations starting from
2.04.1995.

MIDDLE 
VIL0, TRO1, RIGA, RAMO, NYA1, MARS, KIR0, JOEN, GLSV, GENO

These stations have time series of 3225 - common days observations starting from
1.03.1999.

SHORT 
SULD, ZYWI, SKE0, DELF, EIJS, TERS, COMO, EVPA, MSEL, TUC2

These stations have time series of 1170 - common days observations starting from
15.10.2004.
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4 examples  
LONG

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
0.45

0.5

0.55

0.6

0.65

0.7
B ZIMM new

Start : 2.4.1995 r.           Time  [day]

52
18

33
4[

m
] +

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
-0.02

-0.01

0

0.01

0.02
detrend B ZIMM

Start : 2.4.1995 r.           Time  [day]

[m
] 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
-0.1

0

0.1

0.2

0.3
L ZIMM new

Start : 2.4.1995 r.           Time  [day]

56
80

72
[m

] +

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
-0.01

0

0.01

0.02

0.03
detrend L ZIMM

Start : 2.4.1995 r.           Time  [day]

[m
] 

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0.3

0.32

0.34

0.36

0.38
h ZIMM new

Start : 2.4.1995 r.           Time  [day]

95
6[

m
] +

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
-0.04

-0.02

0

0.02

0.04
detrend h ZIMM

Start : 2.4.1995 r.               Time  [day]

[m
] 



Centre of Applied Geomatics

MilitaryMilitary University ofUniversity of TechnTechnology ology 
Faculty of Land Engineering & GeodesyFaculty of Land Engineering & Geodesy

4 examples

MIDDLE
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4 examles

SHORT



Centre of Applied Geomatics

MilitaryMilitary University ofUniversity of TechnTechnology ology 
Faculty of Land Engineering & GeodesyFaculty of Land Engineering & Geodesy

SYMLET 8
N = 8

FFT
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FFT
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11688119179day

0,0085980,011390,0083830,005589cycles/day

150179172258291day

0,0066640,0055890,0058040,0038690,003439cycles/day

169179233258310358179day

0,0059040,0055890,0042990,0038690,0032240,0027940,005589cycles/day

179172358211310291388423423day

0,0055890,0058040,0027940,0047290,0032240,0034390,002580,0023650,002365cycles/day

358358517258423358358465388517517day

0,0027940,0027940,0019350,0038690,0023650,0027940,0027940,002150,002580,0019350,001935cycles/day

517664664358664930423581664664664day

0,0019350,0015050,0015050,0027940,0015050,0010750,0023650,001720,0015050,0015050,001505cycles/day

232611631163517116315515811551232611631551day

0,000430,000860,000860,0019350,000860,0006450,001720,0006450,000430,000860,000645cycles/day

GRASGRAZJOZEKIRUKOSGMAS1METSONSAPOTSVILLZIMMfreqency

LONG
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FFT
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115day

0,008688cycles/day

10461111124day

0,0096180,016440,0089980,008067cycles/day

61115115140646621179day

0,016440,0086880,0086880,0071360,015510,01520,047160,005585cycles/day

115161179170907011531215day

0,0086880,0062050,0055850,0058950,011170,014270,0086880,032580,004654cycles/day

17987179215230115179161179293day

0,0055850,011480,0055850,0046540,0043440,0086880,0055850,0062050,0055850,003413cycles/day

358115115358358322153215358293460day

0,0027920,0086880,0086880,0027920,0027920,0031030,0065160,0046540,0027920,0034130,002172cycles/day

460403170537460403179358645645645day

0,0021720,0024820,0058950,0018620,0021720,0024820,0055850,0027920,0015510,0015510,001551cycles/day

10746453581074806806358806107416121074day

0,0009310,0015510,0027920,0009310,0012410,0012410,0027920,0012410,0009310,0006210,000931cycles/day

SUMGENOGLSVJOENKIR0MARSNYA1RAMORIGATRO1VIL0freqency

MIDDLE



Centre of Applied Geomatics

MilitaryMilitary University ofUniversity of TechnTechnology ology 
Faculty of Land Engineering & GeodesyFaculty of Land Engineering & Geodesy

FFT
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10733day

0,10450,14380,02997cycles/day

15111240day

0,066780,094180,085620,02483cycles/day

273531271551day

0,037670,028250,032530,037670,06740,01969cycles/day

314754053325358day

0,032530,02140,18840,024830,018840,030820,018840,0171cycles/day

36117784965787897day

0,02740,0085620,012840,020550,015410,012840,012840,01027cycles/day

1171749117831179711711713051day

0,0085620,059930,020550,0085620,011990,0085620,010270,0085620,0085620,0077050,01969cycles/day

16723414616711719511714616719565day

0,0059930,0042810,0068490,0059930,0085620,0051370,0085620,0068490,0059930,0051370,01541cycles/day

389389389389389389389584389389167day

0,0025680,0025680,0025680,0025680,0025680,0025680,0025680,0017120,0025680,0025680,005993cycles/day

SUMTUC2MSELEVPACOMOTERSEIJSDELFSKE0ZYWISULDfreqency

SHORT
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•• TimeTime seriesseries ofof referencereference stationsstations stillstill cancan includeinclude characteristiccharacteristic oscillationoscillation

•• Period Period ofof 435 435 daysdays isis probablyprobably connectedconnected withwith Chandler’sChandler’s effecteffect

•• EliminationElimination ofof ‘‘disturbingdisturbing’ ’ signalsignal frequenciesfrequencies will will improveimprove thethe qualityquality ofof

parametresparametres ofof referencereference stationsstations

CONCLUSIONSCONCLUSIONS
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