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Tab. 1  Precision comparison of the calculated annual velocity of GNSS stations after rejecting the cycle motion or not
GNSS RERMIR KR RWREIR O RS KRB R XM OREE Kk dbimkiRe
A4 KEEE/mm /mm o RKEEE/mm /mm JEEEE/mm /mm JEEEE/mm /mm 425 (%) 1 (%)
FJWY 32.82 1.10 33.01 0. 81 -11.09 1.12 -11.16 0.97 27.0 13.3
FJXP 32.46 0.95 32.64 0.77 -9.99 1. 19 -10.33 0.95 18.3 20.1
GDSG 33.33 0.98 33.64 0.77 -9.71 1.36 -10. 21 0. 86 21.2 36.5
GSDH 30.99 1.03 31.20 0.73 -0.71 1.21 -0.94 0. 88 28.8 27.5
GSGL 34.49 0. 82 34.65 0. 60 -5.59 0.92 -5.76 0.76 26.5 17.3
GZGY 34.28 0.87 34.47 0.68 -9.08 1. 16 -9.18 0.91 22.2 21.5
HAHB 33.91 1.13 33.96 0.92 -11.18 1.24 -11.39 0.93 18.3 25.2
HAJY 33.17 1.17 33.29 0.92 -10.95 1. 18 -11.17 0. 96 21.4 18.5
HAQS 34.75 1.30 34.97 0.79 -10. 86 0.95 -10. 81 0.90 39.2 5.5
HBXF 33.75 0.91 33.77 0.73 -10. 63 1.05 -10.72 0. 88 20.5 16.3
HBZG 34.56 1.05 34.62 0.75 -10. 35 1.16 -10.43 0.90 28.8 22.4
HETS 23.63 0.97 23.46 0.73 -4.15 1. 06 -4.24 0. 81 25.1 22.9
HRBN 25.63 1.85 25.62 1.20 -11.74 1.24 -11.74 1.09 35.0 12.8
JSLY 32.51 1.16 32.69 0.92 -11.32 1.12 -11.29 1.10 20.5 1.8
LALX 28.73 1.32 28. 60 1.02 -8.76 1.19 -8.79 1.13 22.7 5.0
NMAY 31.23 1.02 31.40 0. 69 -6.87 1.23 -6.90 0. 87 32.6 29.2
NXHY 34.34 0.90 34. 46 0. 69 -7.00 0.94 -7.11 0. 82 23.0 12.8
QHLH 33.11 0.83 33.29 0. 66 3.81 0.98 3.71 0. 84 19.8 13.9
QHQL 33.06 0.78 33.43 0.58 -3.86 1.24 -4.58 0.72 25.4 41.8
SCXC 40.53 0.97 40. 82 0.76 -17.28 1. 18 -17.49 0.91 21.8 22.7
SDRC 32.17 1. 11 32.31 0.90 -11.42 0.97 -11.63 0. 86 19. 1 10.7
SDYT 30.90 1.27 30. 44 1.03 -10.52 1.36 -10.30 1.29 18.6 4.6
SXCZ 30. 62 1.25 30. 68 0.95 -9.90 0.91 -9.99 0.83 24.1 9.0
TASH 24.93 1. 56 24.93 1.24 22. 86 1.59 22.85 1.48 20.5 6.8
XJBE 29.13 1.14 29.31 0.79 1. 60 1.01 1.55 0.82 31.2 18.7
XJHT 26. 16 0.85 26. 16 0.62 16. 19 0.93 16. 06 0.73 27.5 21.2
XJKL 32.09 1.23 31.87 0.78 0. 66 1.33 0. 80 0. 81 36.6 39.1
XJQM 28.62 1. 04 28. 83 0.67 8.03 1. 16 7.76 0.77 36.0 33.9
XJSH 31.30 0.99 31.59 0.72 3.05 0.92 2.94 0. 80 27.0 12.8
XJWQ 28.98 1.07 29.30 0.74 2.38 1. 00 2.20 0. 82 30. 8 17.8
XJWU 29.05 0.99 28.94 0.71 12. 11 1.27 11.94 0.95 28.0 25.4
XZDX 46. 19 0. 81 46. 27 0.62 12. 48 1.25 12. 26 0. 86 24.4 31.2
XZGE 30. 49 0.97 30. 54 0.69 15. 81 1. 06 15. 69 0.82 28.5 22.5
YNWS 29.70 1.32 30. 30 0.97 -12.07 1.57 -11.74 1. 06 26.8 32.7
ZIJWZ 32.71 1.07 33.02 0. 81 -10.99 1.30 -11.15 1.01 24.0 22.5
VAVA) 32.22 1. 18 32.43 0.91 -9.54 0.98 -9.62 0.91 23.3 7.8
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Tab.2 Comparison of the dispersion of velocity in east recorded by Harbin and Taian Stations in the period of half a year

SRR (- - H) HRBN 7 [i1) i i HRBN 7 [ i Ji TAIN 75 Jf1) 3 BF TAIN 7 Jf1) 3 BE
/mm (A EJEHH) /mm ( EJEHH) /mm (KK /mm - ( FJEHH)
2003 -01 —01 ~2003 —06 —30 7.37 17.49 31.49 25.98
2003 - 07 =01 ~2003 — 12 -31 44.78 28.26 22.04 25.01
2004 —01 —01 ~2004 —06 —30 13. 11 23.29 35.63 30.03
2004 - 07 —01 ~2004 — 12 -31 38.53 22.15 24.54 27.43
2005 - 01 =01 ~2005 — 06 — 30 10. 92 20. 87 34.37 28.82
2005 - 07 —01 ~2005 — 12 -31 42.65 25.73 26.37 29.15
2006 - 01 —01 ~2006 — 06 — 30 18.04 28.05 42.22 36. 65
2006 — 07 =01 ~2006 — 12 - 31 46.18 29.37 30.59 33. 64
2007 =01 —01 ~2007 —06 - 30 22.65 32.65 40. 96 35.35
2007 - 07 —01 ~2007 — 12 31 47.91 31.50 33.86 36.97
2008 - 01 —01 ~2008 — 06 — 30 15.13 25.24 33.98 28.46
2008 - 07 =01 ~2008 — 12 —31 44.32 27.76 29.17 32.25
2009 - 01 —01 ~2009 — 06 —30 14.08 24. 15 37.54 32.01
2009 - 07 01 ~2009 — 12 -31 42.34 25.51 26. 05 29. 13
2010 -01 —01 ~2010 — 06 - 30 7.20 17.39 34.37 28.9
2010 -07 =01 ~2010 — 12 - 31 46.19 29. 45 29.70 32.72
2011 =01 =01 ~2011 -06 - 30 16. 62 26.70 32.08 26. 63
2011 -07 =01 ~2011 —12 -31 42.50 25.96 27.49 30. 61
2012 -01 -01 ~2012 - 06 - 30 22.05 32.04 44.50 39.07
2012 =07 =01 ~2012 - 12 =31 42.43 25.93 24.55 27.58
R B 0.529 0. 164 0.192 0.127

B 1 2011 ~2012 4 B K [ GNSS i 4 9Lt 56 ik JE 3 A0 5+ 4 % 3 09 T4
Fig. 1  Variation of velocity field compared with background field of GNSS continuous
observation stations in China Mainland from 2011 to 2012
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Fig. 2 Wavelet analysis result of time series of the eastward coordinate recorded by Harbin Station

(a) original signal; (b) low-frequency A8; (c¢) low-frequency A7; (d) low-frequency A6; (e) high-frequency D3;

(f) high-frequency D7; (g) high-frequency D6; (h) high-frequency D5; (i) high-frequency D4 ;
(j) high-frequency D3; (k) high-frequency D2; (1) high-frequency D1
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Tab.3 Comparison of monthly velocity in east after rejecting different noises recorded by Harbin Station
AT B B AR 1) L EE/ mm , R 1) 3R/ mm , R [ B/ mm ,
/1 - A gy B g R e g R
2011 -04 59.574 6 0.264 3 11.302 0.008 6 14.422 2 0.024 6
2011 -05 -12.3079 0.510 6 15.4527 0.027 4 19.825 3 0.014 4
2011 -06 32.476 9 0.303 6 30.671 0. 06 23.576 2 0.01
2011 -07 29. 949 0.4252 40.545 6 0.007 4 26.657 3 0.009 6
2011 -08 46. 648 0.607 4 32.263 0. 056 1 29.131 9 0. 006 6
2011 -09 25.064 5 0.650 7 20.974 2 0.0113 29.566 2 0.026 8
2011 -10 —-12.5832 0.196 3 23.228 8 0.025 2 31.760 7 0.003 2
2011 -11 46.691 2 0.558 7 23.704 8 0. 064 26.183 9 0.076 5
2011 -12 33.652 3 0.309 4 29.655 8 0.008 6 31.536 4 0. 004
2012 -01 24.46 0.151 1 27.179 1 0.001 5 30.234 6 0.004 3
2012 -02 37.783 3 0.366 9 30.449 9 0.026 6 29.180 1 0.002 8
2012 -03 56.150 2 0.4313 40.411 6 0.016 2 28.468 9 0.002 6
2012 -04 42.5389 0.277 6 38.4619 0.036 2 27.684 1 0.002 2
2012 -05 -9.5807 0.489 9 20. 460 3 0.046 1 27.064 6 0.001 8
2012 -06 29. 067 0.151 4 14.998 1 0.013 8 26.697 3 0.001 4
2012 -07 -0.722 1.182 6 28.301 5 0.042 2 26.366 9 0. 001
2012 - 08 65.901 6 0.827 6 32.103 3 0.013 9 26.365 8 0. 001
2012 -09 -6.809 6 0.181 1 20.453 3 0.039 9 26. 804 2 0.001 6
2012 -10 20. 8301 0.718 1 17.198 3 0.0123 26.802 5 0.001 6
2012 - 11 42.385 8 0.420 4 25.142 3 0.034 8 25.954 4 0.003 7
2012 -12 37.620 4 0.459 3 31.593 4 0.009 1 24.749 1 0.004 3
2013 -01 26.949 6 0.178 2 35.151 8 0.039 1 22.198 7 0.014 5
2013 -02 54.2319 0.332 36.041 3 0.014 8 21.217 2 0. 007
2013 -03 22.369 0.294 3 20.290 4 0.088 8 17.3777 0.021 8
R 0. 795 0.307 0. 165
£4 REURMBRRRERE S A R R
Tab. 4  Comparison of monthly period velocity of rejecting different noises of the east recorded by Taian Station
FHEL T B AR 1) L/ mm . R ) B/ mm . 2R 1) 38/ mm .
s e TEI g Y™™ e T
2011 -04 27.960 5 0.603 5 16.910 7 0.014 16.084 1 0.016 6
2011 -05 10. 714 0.225 6 22.283 3 0.022 6 20.918 8 0.014 7
2011 -06 19. 669 1 0.746 3 31.952 0.032 6 24.8312 0.010 8
2011 -07 45.181 3 1.369 3 37.3709 0. 005 28.133 5 0.0103
2011 -08 37.3335 0.514 1 30.536 4 0.0413 30.811 6 0.007 3
2011 -09 14. 808 9 0.420 7 22.566 7 0.013 6 31.4773 0.029 3
2011 -10 22.262 9 0.500 3 28.361 3 0.041 2 34.2 0.004 7
2011 - 11 34.691 4 0.438 9 36.414 2 0.010 9 35.107 5 0.001 8
2011 -12 17.99 2 0.3527 32.617 6 0.039 5 35.113 8 0.001 9
2012 -01 15.351 6 0.080 2 25.134 17 0. 004 34.672 8 0. 002
2012 -02 53.104 0.118 32.008 8 0.046 4 34.256 0.001 5
2012 -03 41.198 2 0.441 6 46. 166 2 0.024 33.905 9 0. 002
2012 -04 68.072 3 0.473 5 46.117 5 0.0215 33.376 9 0.001 8
2012 -05 30.522 3 0.373 35.911 8 0.028 1 32.840 1 0.001 8
2012 -06 55.918 7 0.430 6 30.087 3 0.014 9 32.388 0. 002
2012 -07 23.265 2 0.856 8 26.846 3 0.009 5 31.884 7 0.001 7
2012 -08 47.144 4 0.772 3 24.092 1 0. 006 31.496 8 0.001 2
2012 -09 13.849 8 0. 153 23.289 0.003 2 31.280 4 0.001 8
2012 - 10 33.570 7 0.345 2 26.176 4 0.0119 30.546 6 0.003 8
2012 - 11 39.353 4 0.477 1 30. 168 3 0.013 9 29.051 8 0. 005 2
2012 - 12 21.443 9 0.527 2 33.540 2 0.0135 27.376 5 0.005 9
2013 -01 54.025 2 0.146 7 39.481 1 0.013 9 25.394 1 0.007 1
2013 -02 41.335 0.255 8 37.166 8 0.023 8 22.899 5 0.008 1
2013 -03 27.951 0.683 4 20. 639 0.084 9 19.438 4 0.024 2
P RS 0.464 0.247 0. 180
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Research on High Precision Dynamic Velocity Field Obtained by
GNSS Continuous Observation Data

ZHANG Feng-shuang, ZHAN Wei
( First Crust Monitoring and Application Center, CEA, Tianjin 300180, China)

Abstract

Based on the coordinate time series of GNSS continuous observation in China Crustal Movement Observation
Network Program from 1999 to 2013 under the ITRF2005 frame, we evaluated the speed and precisions of
monthly, half-yearly and yearly period of GNSS continues observation stations considering the influences of peri-
odic non-tectonic motion and different noises by wavelet analysis and weighted least square methods, and also
discussed the relationship between the obtained reliable velocity field and the length of time series period by using
GNSS continuous time series. The results show that the more reliable and higher precision velocity field in yearly
and half-yearly period can be obtained by rejecting the motion of annual and semi-annual cycle motion, but the
dispersion of velocity field in monthly period is large. The adoption of wavelet filtering method can promote the
accuracy and reliability of the results of GNSS continuous observation. Through rejecting the white noise, flicker
noise and random walk noise step by step with wavelet analysis, the precision and dispersion of monthly-period
velocity improve significantly, so more stable and reliable velocity field in monthly period can be obtained.

Key words: GNSS coordinate time series; velocity field; annual cycle; wavelet analysis; noise





