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Abstract 3. Data Description
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Using wavelet transform and Allan variance, we have analyzed three different solutions (IGN, INA and LCA) of DORIS station coordinates, in order to compare = Solutions of weekly position residuals in STCD format of 09 high latitude DORIS stations; _ oSS _k_ w
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the spectral characteristics of their residual noise. The temporal correlations between the three solutions, two by two and station by station, in each component -
= Provided from three Analysis Centers :

(North, East and Vertical) reveal a high correlation in the horizontal components. In the North component, the correlation average i1s about 0.88, 0.81 and 0.79 7 T S:/ﬂ’ —

_ _ . o _ IGN-JPL (solution ign11wdO01), INASAN (solution inalOwd01) and CNES-CLS (solution Icallwd02); & N A I Cf%s T
between, respectively, IGN-INA, IGN-LCA and INA-LCA solutions, and in the East component it 1s about 0.84, 0.82 and 0.76, respectively. However, the E \ij N ¢ T‘g ~ -Eﬁgfag_
correlations in the Vertical component are moderate with an average of 0.64, 0.57 and 0.58 for, respectively, IGN-INA, IGN-LCA and INA-LCA solutions. After " IGN and INA solutions are computed using GIPSY-OASIS I software, while 0 &LJ{ J @ >
removing the trends and seasonal components (annual and semi-annual signals) from the analysed time series, the Allan variance analysis shows that the three LCA solution 1s obtained by GINS-DYNAMO software 0 Rotherg Syowa Terre ndeq?e -
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solutions are dominated by a white noise in the all three components (North, East and Vertical). The wavelet transform analysis, using the VisuShrink method with

soft thresholding, reveals that the noise level is less important in the LCA solution compared to IGN and INA solutions. Indeed, the standard deviation of the noise

in the three components is in the range of 5-11 mm , 5-12 mm and 4-9 mm for, respectively, IGN, INA, and LCA solutions. 4. Analysis Results

[Correlation between the three solutions on the East, North and Vertical components ]

1. Wavelet Transform Analysis

Acronym Site Common Correlation - East Correlation - North Correlation - Vertical
- : .. . : : .
»» The Continuous Wavelet T:‘ansform (CWT) can be deﬁlned ats the projection of the signal X(z) on the basis of wavelet function v, : data span IGNAINA  1GN- LCA  INA-LCA | IGN-INA  1GN-LCA  INALLCA | IGN-INA  1GN-.LCA  INA-LCA
Iy _ —Uu
CWI(us)=< Xy, >= [XO) v, 0d vy, ()= Tl//(—) u s €R; s#0 ADFB |Terre Adelie | 2008.2-2010.7 |  0.81 0.77 0.72 0.80 0.86 0.83 0.34 0.38 0.21
o0 S A)
Where: u, s translation and scale factor, respectively, and ¥, the complex conjugate of y, . < - BEMB | Belgrano 2007.1-2010.8 0.45 0.58 0.38 0.93 0.91 0.90 0.50 0.30 0.52
o _ . _ ‘ I l METB |Metsahovi 2005.4-2010.8 0.96 0.92 0.90 0.97 0.94 0.94 0.68 0.78 0.57
< The original signal can be reconstructed from its wavelet coefficients CWT(u,s) al d1 .
2 ™ _ L ‘ ‘ REZB |Reykjavik 2004.8-2010.8 0.95 0.93 0.89 0.98 0.98 0.98 0.61 0.26 0.35
X(t) — L J. J‘ CWT(M S) (Z) du@ iy ‘ FT(W(Z))‘ Low pass Filters High pass
T 0 duerloo ) Vs 7 C,=| t dt <+ oo : : - a2 ] a2 SPJB  |Ny-Alesund | 2005.0-2010.8 |  0.95 0.91 0.91 0.98 0.97 0.97 0.88 0.80 0.79
4 0
Where: C,, is the standardization coefficient and F7'is the Fourier transform. q d 3 13 ROUB |[Rothera 2007.9-2010.8 0.81 0.86 0.80 0.77 0.67 0.78 0.46 0.58 0.66
. ] , , SYPB |[Syowa 2001.1-2010.8 0.82 0.60 0.59 0.89 0.67 0.63 0.78 0.65 0.68
st Takens =2"and u = n 2" (n, m e Z), The Discrete Wavelet Transform (DWT) 1s formalized as: The filtering process: the original signal X passes through two
My complementary filters and emerges as two signals: approximation THUB |Thule 2008.1-2010.8 0.94 0.94 0.95 0.67 0.50 0.28 0.73 0.74 0.80
B AT —nm, . )
DWT,, =<Xy,,>=2 > [ X() y(2"t—n) dt (a) and detail (d). Three levels of decomposition are shown YEMB | Yellowknife | 2007.6-2010.8 |  0.83 0.85 0.74 0.92 0.77 0.80 0.82 0.63 0.65

“* The DWT allows the computation of the wavelet coefficients in the context of multi-resolution analysis which allows, by successive filtering, to produce a — —
Standard deviation (STD) of the noise in the

Noise type of the North, East and Vertical components for the three solutions IGN, INA and LCA J components North, East and Vertical for the
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series of signals corresponding to an increasingly fine resolution of the signal. The signal is separated in two components : one representing the approximation
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of the signal (represented by its low-frequency) and the other representing its details (represented by its high-frequency). ﬁ? — ? ) e — ? - ? o T ] ] e o] e
=4 |, | o \\ D\ |, \\\ | o \\ |0 \'“ \‘\,\'” ' STD (mm)
o ici ) \ \\ Station ~ Component
% DenO|S|ng StepS "o i 27 i 20 ! > o i 270 R i 20 i 2 i 270 i 2 P IGN INA LCA
1. Choose a wavelet and compute the wavelet coefficients at level j of the signal (X)), v ; o ‘\\'"ﬂ_ 1 " D \\\'"’" D *\\\'"’“_ 1 " \\\'"”‘ D “| " D " North 65 69 56
g - ' - ' ADFB East 8.3 7.0 5.2
2. Determination of the threshold A (VisuShrink) : 1= &\/ 2 log(N) A S R 3 A S R Vertical 7.1 5.6 4.1
: 3 Lo LA Loa LA LA Lea Loa Lca Lca North 68 70 59
W-A1EW >4 QDK\'\‘\ D\D\ 14\\\ -1\\\ -D’\\\ D\\ -DK\‘\ -u\ _
F g 0 0 : . BEMB East 6.8 5.7 5.8
. . . . . Soft _ . < ks Ny Ny Ny \4.\+ I \ .
3. Thresholding of the wavelet coefficients : Soft thresholding : 7, (W) <W+/.1 it W < -2 L ]l 1\ el 1\ o L7 Vertical 7.2 5.8 4.5
\ O l](. |W| S i 5 REZB - dN{mm) 5 REZB - dE{mm} 5 REZB - dH{mm) 5 il-:"JB - dN{mm} 5 SPJB - dE{mm) 5 SPJB - dH{mm) 5 ROUB - dN{mm) 5 TUE - dE{mm} , ROUB - dH{mm) N OI‘th 6 8 7 4 5 9
4. Reconstruct the signal from the threshold wavelet coefficients. O o . |, | . \"i . \ . \\ ! \ | \\\ | \\ METB East 9.1 9.6 7.8
E ° |° |° | Vertical 7.9 8.1 6.3
0 i 270 i 21 i 2 0 i 2 0 i 20 i >0 i >0 i >0 i 2 North 7.7 813 6.3
. . 2
2. Allan Variance Analysis . | | ] - ] | e | e | - e | REZB  East 0.1 102 8.8
_ | _ L , , , , | | 2 | | | ° | | | o F F | Vertical 101 84 64
“ The Allan variance of coordinate residuals, for a given time interval (t), is computed by averaging the coordinate residuals over that interval and computing 3 SN Y 1 U g O Y IO ) S [ S ) A S ) SN North 79 73 6.0
. . . . . . . . . . . 2 2 2 2 2 2 2 2 2
the variance of differences between adjacent averaged values. The Allan variance of a time series (X,),_, 5y With k items and sampling time 1 1s defined by: g | ™, *\\ R A I R LeA Lea Lea S B N P LA SPIB East >4 >4 >0
r ’ =0 | o { o { o { o I Lol N 0 \\\ I o o | Vertical 6.3 5.2 4.9
n 1 X < )2 Ty Ty rﬂj . 2 N\'\F ; N\ ; \ ; X\’\« _ \\ , \‘\'\ , | , | . \ North 7.8 7.5 5.8
_ — — ! ! ! ! f f : . . . > a 1 2
GX (T) 2 < ( k+1 k) > X O0X, Xy X, X X X, Xy Xp X oo 2':' SYFE-LN{mm} 2 jD SYPB -:iE{mm} 2 jD SYFB-LH{mm} 2 jD THUE-;N{mm} 2 i D THUE-[:E{IIIIII] 2 jD THLIE-:iH{mm} 7 YEME-:{N{mm} ° YEME-LE{mm} ’ YEMB - dH{mm) ROUB EaSt 90 98 70
‘2 - X, : average of each sub-sample of length t o IGN | IGN | IGN | IGN | IGN | IGN T IGN | T IGN | T IGN | Vertical 00 7 4 590
¢ The noise type of the time series can be determined from the slope p L T ? |° | | ° \ ’ H\\ | © N\ 1, \ . |, | North 9.6 9.9 6.5
of the Allan variance graph according to the sampling time 7 : i R PGV ) (NS S (I (T () .V Y S ) SN SYPB  East 95 101 77
~ 9 %' — ? INA ? INA ? INA ? INA ? INA ? INA ? INA ? INA ? INA Vertlcal 100 92 69
log(62(r)) = ulog(z) for t=1,,27,,47,,.. b g, l, ¥ N P UK A N i E | North 65 66 48
_ _ | | | e ol N B N N R s b S ’ | [ | | THUB East 6.3 6.1 4.7
- White noise: random errors affecting the measurements (independent of time); | White Foise Random walk T A I A A A I =\\1 — ';D T ';u T ';u 2 Vertical g 5 6.1 59
_ ] . ) ) pz- =1 & LCA _ LCA . LCA _ LCA LCA . LCA LCA 1 LCA 1 LCA
- Flicker nouise: due to local tectonics, instruments defects, analysis strategy; : s H\K’\x 0 | “\K% o o | S| N\\”\ | | | North 8.2 8.5 >-8
u=0 g | 2 \\ \\ ! 0 | 0 | YEMB East 10.3 11.8 9.1
- Random walk: caused by the gaps 1n a time series. Flicker noise - 5 1 m(é) 3% 1 2 3t 1 2 370 | 110() 2 0 i 2 0 i 20 i > "o i > ' 2 Vertical 10.5 10.1 6.7
og 10T log 10(T) lag 10(T) o TUT, leg10{T) log 10(T) log 10(T) lag 10(T) log 10(T)
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