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Time domain signal extraction from GNSS time series with colored noise

REN AnKang, XU KeKe”

School of Surveying and Land Information Engineering , Henan Polytechnic University , Jiaozuo He nan 454000, China

Abstract With the occurrence of large earthquakes, in addition to linear trend and periodic signals,
there are also a large number of post-seismic transients in GNSS time series. Accurately
extracting all kinds of time domain signals is the key for various investigations using GNSS time
series. Therefore, the time domain signal extraction in GNSS time series with colored noise is
proposed in this paper. Firstly, the maximum likelihood estimation (MLE) with white noise (WN)
~+{licker noise (FN) model is used to estimate parameters from pre-seismic GNSS time series, and
the pre-seismic signals are removed using parameter estimation to obtain the post-seismic residual
sequence; Then, the residual sequence is used as the observation to solve the characteristic time
scale, the WN-+FN model is used as the stochastic model for the observation, and the non-linear
least squares (NLS) method is used to estimate the characteristic time scale; Finally, the

estimated characteristic time scale is used to construct functional model of GNSS time series, and
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MLE is used to estimate its unknown parameters, so as to extract the time domain signal.

Through the analysis of simulation data, when considering colored noise, the convergence of

characteristic time scale estimation algorithm is improved by 25% , and the standard deviation (STD)

of unknown parameters is significantly reduced. Finally, the algorithm is applied to the measured data in

Japan, and compared with the traditional method.
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Table 1 Simulation time series parameters
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Parameter
o East North East North East North

ow(mm) 0.90 0.90 0.90 0. 90 0.90 0. 90
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(mm e« a %)

yo(mm)  115.80 978.30 —165.23 939.50 —340.0 975.70

v _ —6.03 —10.57 —5.34 —3.16 —7.20 —7.05
(mmea ')

si(mm)  —0.31 0.18 —0.07 0.23 —0.12  0.02
cg(mm) —0.75 0.62 —1.77 0.10 —1.48 —0.37
s2(mm)  —0.24 —0.73 0.02 —0.41 —0.01 —0.35

¢z (mm) 0.01 —0.43 0.27 —0.20 —0.08 —0.29
b(mm) 3054.77 —657.72 1371.44 —826.98 536.49 —557.18
Aj(mm) 149.16  —40.89 144.80 —74.93 85.83  —76.65
A.(mm)  620.40 —170.16 1221.64 —641.52 803.59 —577.98
Ti(d) 20.00 20.00  24.00  24.00  28.00  28.00
T.(a) 4.18 4.18 11.77 11.77  20.00  20.00
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Table 2 GNSS time series analysis solutions

Method of analysis Stochastic model

Case NLS MLE WN FN
1 J N N/ -
2 N/ N N N/

x3 BUERBREVE

Table 3 Initial parameter of characteristic time scale

Code of initial parameter T (D T.(d
1 5.00 1000. 00
2 5.00 1500. 00
3 10. 00 2000. 00
4 15. 00 3000. 00
5 20. 00 4000. 00
6 25.00 4500. 00
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Fig. 1

Typical example of synthetic time series of three permanent GNSS sites

The blue lines indicate the synthetic time series, the red dashed lines indicate the occurrence time of co-seismic displacement. (a) and (b)

are the time series of the east and north components of J919 station in Table 1, respectively; (c¢) and (d) are the time series of the east

and north components of J544 station in Table 1, respectively; (e) and (f) are the time series of the east and north components of J903

station in Table 1, respectively.
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Fig. 2 Percentage histogram of convergence for characteristic time scale estimated using NLS algorithm

(a) is case 1 in Table 2, and (b) is case 2 in Table 2; Code of initial parameter corresponding Table 3

(NLS algorithm with 50 independent runs).
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Fig. 3 Scatter plot of characteristic time scale obtained by performing 50 independent operation calculations

using NLS algorithm and its design value

(a) and (b) are case 1 in Table 2, and (c¢) and (d) are case 2 in Table 2.

100 T » T T ¥ T v T T ¥ T X T T T T T v T T T
a b) | c) |
W STD=0.48 @ W STD=0.06 ®) W STD=0.09 ©
80 mstp-0.14 1 B STD=0.04 17 M STD=0.05 ]
3
Se0f 4+ 1t .
5
=)
D 40 |- 4 F =4 F -
=)
20 1 4+ 4t .
-2 -1 0 1 2 -0.4 -0.2 0.0 0.2 -0.2 -0.1 0.0 0.1 0.2
AV/(mm-a™) AA4,/mm AA4,/mm
100 T T T T T X T a T T X T T T T T T
d e) | i
B STD=7.83 @ M STD=22.03 © H STD=43.33 ®
80 - B STD=0.18 7 M STD=6.21 7 M STD=18.93 b
xX
<60 4k 4 F .
2
]
g
=

-30

20
K%

-10 -60 -30

AA

0
/mm

log!

30

60

-50 0

AA4/mm

B 4 RES BN 3R 25 500 GRITHE D B )
W T 2 R LT T K 2 R 25 () IR A s (b) AR SUHRIA IR 22 40 (AL KRR SUBRIRD 5 (o) K4
SR B 5 22 4015 (A S K AT BE) 5 (d) (R (B MR 25 40 A (S, K IR R BB AR 250 5 (o) X BCBEWR B MR 22 0 5 (D) 8 8CE

BRI 22 4 A

50

100

Fig. 4 Error distribution for estimated value of unknown parameters (design value as the benchmark)

The blue histogram is case 1 in Table 2, and the red histogram is case 2 in Table 2; (a) is the linear rate error distribution; (b) is the annual

amplitude error distribution (A; is the annual amplitude); (c) is the semi-annual amplitude error distribution (A, is the semi-annual term

amplitude) ; (d) is the co-seismic displacement relative error distribution (K, is the relative error of co-seismic displacement); (e) is the

logarithmic decay function error distribution,and (f) is the exponential decay function error distribution.
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Fig. 5 Site distribution of measured data
(The deadline for observation is 2020. 15)
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Fig. 7 RMS statistical results of residual sequence

(a) is case 1 in Table 2; (b) is case 2 in Table 2; (c¢) is RMS empirical cumulative distribution function of cases 1 and 2 in Table 2.
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Fig. 9 Statistical results of GNSS velocity difference calculated by case 1 and case 2 in Table 2

(a) is the result for the East component; (b) is the result for the north component;

(c) is the empirical cumulative distribution function of the east and north components.
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Fig. 10

Statistical results of periodic signal amplitude

(a), (b) and (c) are the results of the combined east and north components: (a) is the annual amplitude difference statistics; (b) is

the semi-annual amplitude difference statistics; (c¢) is the cumulative distribution function of the annual and semi-annual amplitude

difference; (d), (e) and (f) are the results of distinguishing the east and north components: (d) is the statistics of annual amplitude

difference; (e) is the statistics of semi-annual amplitude difference; (f) is the cumulative distribution function of amplitude difference of

annual and semi-annual.
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The blue vector is case 1 in Table 2, the red vector is case 2 in Table

Co-seismic displacement field

2, and the gray vector is the difference between case 1 and case 2.
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Fig. 12 Post-seismic displacement field
(9 years after the earthquake)
The blue vector is case 1 in Table 2, the red vector is case 2 in Table

2, and the gray vector is the difference between case 1 and case 2.
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