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W E. L2HSHPAE RS (Global Navigation Satellite System, GNSS) i & i 7] 5 51

WEAFEENMEMEMERRER, FRARS S, BERAE, s E EAEA R

Ay BSEEEE S, R BIE N AR5 R (Empirical Mode Decomposition, EMD) 574}

JIREHIX 24 > GNSS FEZeukinf 7] Fp #1AFE  UE IE . 45 R80T, Ja IR & 1E -+ 26 22,

EMD J7 R IR A G 35 5 (10 H SRFIE,  BOE MR IORN [RISE . IR0 80 8 sy s

XA SEBRE O, AT R Ny E U J7 B[R P 51 (144 RMS (Root Mean Square

error, RMS) 435IBEMK T 19.96%. 11.57%7F1 38.50%, & LLiis (520 i iE S RE A, A3 28011

Jiike ZJa, AEFAEIE G 1Sk i 8] 7 SRR S, RIS 5~6 AU R AT 45

BUARSKT AT SR G IS BN, i P T (14 I o 3 M S ot I H R 3t ) B T

IHIE T EMD J5iE AR MEAN AT SEVE, X9 Al GNSS MM SEitE, BRI AE A A2 IE

RHET 2% WA IR KR
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2000 ZNanLNst, Hrb 90% LA Esh Wk A 5 4k UL BN BERE, #Rorkid 20 1. GNSS



I 18] 3 8126 2 6 F w8 A IS AT AR B ARSI B (il K RS BHOK. el
WA, W& BRI A B ARG A AT S I BRI R A RN TR R A

s EHA: 2021-01-19
B %Eh: E K E AR R (2018YFC1503606); H I Ja) 75 41 FE AE ER EF RS (2020010226,
2021010511); 5 B ARl 3L (41472180)

F—EE: WA, B, FENFEMEILA SN M7 TAE. xikangliu@126.com
WBIREE: TEE, 5. dingzf@cea-igp.ac.cn

1% 2T 0 A IR () GNSS I I8] 7 8 £E KT 1) 3 BE A 2k izl 202, 4 55 o e A
., T R ) R I 2 A 1 R AR 5 AR et 18 2, ELAS R0k 1 o SRR 5 e M S AN AR ] . 1E
GRETI,  JE WIS 5 — MOE i AR P AR IE RS R R, FRHB/N IR A 7k B, 13
) AR AR ST 2 5 AR TSP B, AN RIS 1A ) GNISS 035t 355 2 1k % FLmmn LA A B 427,
PR LHE P e 49 A R R SR gt AR g 3 ) 0 1k 38 3 2 ] e i 8 28 3 7 RN ) 21 R IS s, kT
S RS 4T A B 2 AR T S S A, P 72 s A R

ITAESR, VP2 S AR ARk A F WA AL BE AT 7 KT A, U0 Davis 25U —FhdE T
IR S PRI TTIERGE T GNSS B R] 7 51 1 AL R, (R ZAGE I TRENLE S, TR 28 50IE
52 GNSS I 511 31 75 7 [ KR - Chen 25OV BN 75 65645 I8 (K0 7 57 15 43 M7 J7 12 (Singular Spectrum
Analysis, SSA) LR/ il & AR IR 2 BT 0 AR A W UK SR BUOCR A o ) P RS
M58 b R B 22 8T8 25 %40 H7 (Multichannel Singular Spectrum Analysis, MSSA) H2H X f5f 3 £ 1)
RS, Gruszezynska 25| F MSSA filivt T 5200 GNSS LI LAk R 58 2080 H 25 . SR 7
S5 U 3 A0 A0 L SO ) 22 3 T S 0 A D VRO A R T P DAL B AR, O S R S T
HELSHERNERP, ok @& P T 25407k (Principal Component Analysis, PCA) %3l
AERRHSY GNSS & i A7 AEARLENE A IR, AR TR 8 4R T 906 3 bt b (5 R AU He 4
T T X I B INEAN PCA X m R (8] 5 ISR 73 B (R SR BURCR I AR 7R i A A i B B
FEHIWAE T GNSS I 18] 7 51 AR JR i Ja M5 5 OAFAE,  JERIE AR DT i B MR REX A5 5 HEAT 1 201,
R AT HERf N B2 T S P A L R 22 R M ARG 18 B A5 SR SE BRI BERE A R I 4 1
BEHE R, EFAR BB RN ANBIRE . SIS R R AR T & R 5 i
BRCERTT, TR R TEN RS R T . AR 25 SRR SRR B - TS Sk, EAR
MSSA 5 PCA THEA TR L /MG 5 — i Hr i O 7 &, MAUKEEE 5 5 5 f )RR R 5 5



IR — 5 B AR AR 2 B 8L Cntrinsic Mode Function, IMF), IMF B35 50— 2, % IMF
S B TR S AN RN ) R R R SR e, BATIE 2 3, it IMF 73 & 0] DR IUE 5 A
RS s B 5L GBI AT AL, EMD REEN. R, AT BT ARE
AT A B S S IR R
HAl, 5T EMD RILR BRI J7A7E GNSS $df db 3 75 1 O A Y 2R R W F 125 B

B R AT R RS SR, i ) 5 3 R R 4 SR B BT £ A g P = A
J7MH e ASCKFI R EMD J7E% GNSS 4Ll I (8] 41 34T J A ITSE, It — 2R B EE J5
] Fp SRR SN, A AR 2 /D IO BRI I 50 N A BE SR A3 A0 ER R aZ s B, I T3k
o B ] S T S I A B

1 EMD Hi%E#E

EMD J5 iR 2 15 5 A 5 1 Jmy AR AR TR RUBE , X UG A5 5 34T AR AL AL B, R B IME 5
I f R m A B AN [FUREAE RS A 7 41, BUATEBLAS % (IMF) Fl— /N34 T Res(t) -

x(t) = X, IMF,(t) + RES(t) D)

X5 5 4 At AT LA FHAH G 2R O B 52 m A IMF (55 516 75 ) FLA RS B 5UMF . 3
o BB T BURAT IR AE 5 o 0 T BT R A

A GNSS MRS o i 18] Fp A mT A, HORFRIERG D 1R, IR LASE Dy B qr, T HRAE [A] B Dy 1/365
i, EREEBEN Y RICKEENE, Oy 365Hz. HIZRZEITRERFEE B AN, IO B e U8 H B ORR
eI —2F, [ 182.5Hz, RIAI{R UL K4 EEE, HE R/ BIDy 171825 4, Mgl g
EREVR I H A RN 2 REE S .

2 BEMES
GNSS A& FxI 18] 7 51— fi b I, a3 UM 75 3 80 A H1 T SEPniE 8 GNSS Akt 51
AR 5 BOIRIE BB [R) 7T REE AR AR, AR BRak sl A B AT R SU A2 BT N, BEUE S I E
BT SEBRIO R IR AR 722
x(t;) = asin(2mt;) + b cos(2mt;) + c(t;) sin(2mt;) + c(t;) cos(2mt;) +

d sin(4mt;) + e cos(4mt;) + c(t;) sin(4nt;) + c(t;) cos(4nt;) + €(t;) (2)



2, x(t) I A8 A B RS 5 as b de AFEL 0 EUE 2.4.7.9, c(ty) = 6e%35inttd )y
PRIEAALDR 7, e(t) AW, ¢ NITRIAE AN He(t) = FHET, (20 LS B E 1
B

Bl 1 o (2) sTH Y 10 FREEER, (). (b) 237 E e SR AT AR IR IE K A2 R4
JMES, (o) BT EHBINE S S INEREE 10dB RS KR &S G Y. Bl 2
PUME 51 EMD 7 . ARHEAH D¢ REGENNKE AT 5 DN B S S, 56 6. 28 7 AN 2/ A
G55, F8AMrE AT B 3 ASHIFIH EMD iRtk 48 i i 5 R S B FE 145 5 S A4 A
Wl ST LR, HAX R 5 0.9914 A1 0.9691. FILLKIL, EMD J7 vk BB AR g BE I 1) 2
A, SEMASGESEE %, HoMisS B8N A 555 3 SRS, MR
RUTAR AT 25 1 AF A IR 4 R SR 005 B 2540 E, HARME NEEE . 5350, B 2 1) IMF6 43 &:A
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Fig.1 Simulated Signal
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Fig.2 EMD Decomposition of Simulated Signal
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Fig.3 3 Periodic Signals Contrast Diagram
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RSCHEHU “RiASIZE” A1 “% TR GNSS ESe MR s %E, FIH GAMIT/GLOBK®
BAFRE SR 4G, FIH GAMIT 3575 45k 1GS 3 51X 35, GNSS W3k i) 5 H FA s figt, R+
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1E3EAE 1ERS2003 Wil (HARBEAT KA BRI KIE. ZJ5, ¥ IGS uh mifEJy i EHEL s k1, FIH
GLOBK #4717, % i Xkt fE ITRF2014 ZHHEA N B s L ARFRIN (A PP iR 72 . )i, B
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Fig.4 Distribution of GNSS Stations
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SHRIGEIME 2r &, B 5 (o) RNELRIAE]F 41 R 4E i AL EMD 73 MUE & it a7 5], B 5
(d) N EMD 2 i Ja 5% R B[] 32 21 g sl 4 B kA8 4 (Fast Fourier Transform, FFT) i, HOAH
THWEMAMES, TE NS, B 5 (o) MBI KUIEE RN P HI1 FFT 4inE, 45
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Fig.6 Statistical Results of Cycle Item Information Extracted by the EMD Method of 24 Stations
FESEPRBTRLRI ] EMD J7E 0 i, IMF 28— b T 134y, G R & — R4 T 7
Ay BT RABRATTR P PR fe B AR e R0 ol 0 i i 2 R ERT 7 AR, 1 6 D)IVESBIX 24 A
Bui Ny Ev U =77 W85 H ] EMD J7 7k SR B A 31001 28 pRas 8 L k246 J5 7 9 AT 7 i 2 A
B IGETH AR . SRR R, N E TR BOy L. B4¢, FEAW0Y 0.5a A1 1.0a, 1Ak
A YRR L1a RO HIRA GRS —A> G uli# B A R AL IR, Rl E J7afA 6 4
BUiANEAERY: U TRms Az, HEd, 24 NGuy A 0.5a M1 1.0a I, thihid
AWM 0.9a, 1.1a Ml 1.2a sy, —ANECBCH BRI R 2 /N T 0.5a &I A & H 2 7 A psr
o, HRAE RS Gl RGBS A SR I /N T2 AR R I RO AR, EAE RO Hh o BRI
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W, B DHEIT.
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Tab.1 Periodic Term Correlation Coefficient of Harmonic Model and EMD Method



e B w4 R FH
N E U E U
SCMB 0.69 0.43 0.83 YNLJ 0.76 0.61 0.91
SCML 0.60 0.65 0.89 YNMJ 0.52 0.37 0.83
SCMN 0.67 0.36 0.91 YNMZ 0.36 0.60 0.82
SCPz 0.70 0.54 0.90 YNRL 0.65 0.42 0.89
SCSM 0.74 0.53 0.91 YNSD 0.57 0.48 0.93
SCXC 0.61 0.79 0.91 YNTC 0.67 0.27 0.92
SCXD 0.73 0.42 0.90 YNTH 0.75 0.46 0.83
SCYY 0.63 0.43 0.90 YNYA 0.73 0.52 0.84
XIAG 0.52 0.56 0.80 YNYM 0.56 0.14 0.85
YNCX 0.65 0.58 0.88 YNYL 0.79 0.40 0.72
YNDC 0.62 0.55 0.79 YNYS 0.83 0.39 0.92
YNLC 0.53 0.51 0.85 YNZD 0.72 0.67 0.79

R 1 NEBEAEAR EMD J5 VAR U MBI [0 AR OC R b NG B U =7 PPISAE R R 5L
519 0.65. 0.49 F10.86, 3 B Fh 7 VA SIS AR G Ber— 8. ZiA B 6 4007, Bfdok
SN [ERIEAXS E FBCOK, ARG SR, Jh7E 0.5a fl 1.0a FL, BFHVEMCREES . R
2, E HBRRBEIIE S, HAE S M0 A, MORREUR, AFE G A IIUY A 2 5
Ky FJE R AT B K v R R BB T 52 DXSRE AR AR R A AR R B ob, A% BN T
JAR R Ui, 5 EAHEMEBME, HPFO7ES RAECTER M, PR A R
[t 005 5 AR BUA A Se y ( 4 3L, (EL MRS AN FRT SRR ORE, EMD L3R B0 B30 B E
NP

2 8 24 AR AIFE AU RMS, 85 RER I AME IE 7 VR BUR 06 e 91 394 BB ) et . N 7
] FR AR N (8] 52 41)F- 1) RMS Jy 2.13mm, AHEC T8 E A E /5 # 1.94mm, EMD 757404 1.70mm,
$ETH T 11.07%. E J51A°F14 RMS BUER 2, BRAGFP5109 2.34mm, iR b 5o 2.26mm, EMD
JiiEN 2.07mm, ECIEEAR AR =) 8.06%. U 5 1] 135 SO BUR e if , EMD 732 R LA 7 511 8.29mm
BEAKE] 5.10mm, $ET} 38.500%, LLiEUEEAISETE 10.28%. MEAG3E =/ EKE, EMD Jrikitid

BRI OES A A FREEE R G, U] EMD J7vExS A6 A S S SR CE 78 45, X BT &

B}

IERCR LT
2 MELEEFHIR) RMS (mm)
Tab.2 RMS of Stations (mm)
. SR 75 L EMD fE
i N E u N E U N E U
SCMB 2.26 2.58 6.89 2.10 2.53 5.40 1.92 2.28 4.90
SCML 2.17 2.93 9.71 2.08 2.77 6.28 1.82 2.61 5.29




SCMN 1.78 1.67 6.60 1.58 1.63 4.46 1.37 1.49 421
SCPZ 161 1.90 6.98 1.45 1.86 4.72 1.29 1.67 4.30
SCSM 1.95 1.93 7.82 1.78 1.85 5.23 1.65 1.70 4.72
SCXC 1.70 177 6.54 1.56 1.50 4.15 131 1.33 3.58
SCXD 1.90 191 6.80 1.69 1.88 4.90 1.46 1.75 4.30
SCYY 1.96 1.49 6.76 1.69 1.46 4.37 1.50 1.36 3.81
XIAG 3.15 4.71 9.45 3.05 4.55 8.14 2.95 4.37 7.04
YNCX 2.07 2.12 8.04 181 2.06 5.75 1.42 1.89 5.14
YNDC 2.01 2.44 8.91 1.89 2.36 7.19 1.75 2.13 6.12
YNLC 2.10 3.27 9.96 1.96 3.20 7.31 1.67 2.95 5.88
YNLJ 2.03 1.66 7.38 1.68 1.55 4.83 1.25 1.42 4.25
YNMJ 1.99 2.09 9.39 1.87 2.04 6.76 1.60 1.87 5.48
YNMZ 2.49 2.56 8.50 2.43 2.46 7.08 2.06 2.29 6.41
YNRL 2.32 2.35 8.62 2.10 2.24 5.99 1.74 1.87 511
YNSD 2.30 2.36 9.39 2.09 231 6.11 1.72 2.14 5.74
YNTC 1.80 1.97 10.27 1.62 1.94 6.67 1.39 1.62 6.46
YNTH 1.94 2.05 7.22 1.77 1.94 5.37 1.67 1.59 4.42
YNYA 1.77 1.90 8.20 1.60 1.81 5.62 1.42 1.72 441
YNYM 2.06 2.48 8.45 1.95 2.38 6.24 1.67 2.23 5.56
YNYL 2.09 2.35 11.57 1.79 231 9.08 1.58 2.10 5.89
YNYS 2.06 1.97 8.29 1.58 1.95 5.45 1.33 1.81 4.83
YNZD 3.53 3.66 7.20 3.38 3.54 5.70 3.30 3.42 451

3.3 RS SXH TSR HR e

BIEX AN GNSS HELEEI F 54047, AT LAUREL EMD AR IRAE (S 510 E S HitE, &
S Hb o AR AR T (4 ) A 5 AT S B A S, % R TR A, B e R AR

1 T3t 3) GNSS WLk F & i O I, &3 1R1 G 1~3 4, BRI 4 K%, BRI 1) AN [E 5E
FESRRRIN WS, (AR HEE 5D, BRI RE A S, Ha X8 N, U
PERAR, RELR U RS2 mECR, BTCAEATISOE 0 8. HAlT, O — L SC#R[26-30]142 i R it
Z)) GNSS Wk JE 34 1 2 & e Bl A8 IRl 3k (4 JE AU R, JRHAS T 0 R, (E R 2 i
WEOERRS . AR EMD 7 ikt AT ATAZ E, e — 4R R B B J PR3 Sl i 1) 2 41
B EN I, 7EAR B 2D A FERHI I L 4 e kA5 LU BHER iz 3hid e, DAME iRt GNSS
LI 6 ) A LE AN S e B A4 2 25 R AR AR I3 o

S TEIX I HL 8 ALk = 43 2 (8] 7 41 43 I EAT B/ — RN AE RS B . BB AR AR AL
VEHUES: 4 RAFN—WIAZIINE R, &H EMD J7E R B2 HINNNE IE A R A5 55 %4
H 95% ZEEAE Ny E /T 1mm/a, 7E U [f]/h T 3mm/a.



3 3 gtk FIRTRE T 10000 YRR 551 W EIAUE IERT EMD J5VE 18 IE 5 LA R
Mgt RAE R . priEZEAL, N 7, BRI  11.16%, EMD J7iE-FEfm 24.33%:;
E J7 0], AR P15 5 5.63%, EMD J7iE A4 i 17.88%: U J7 [, AR 22 5 37.54%,
EMD 5% P4 i 47.15%.

R A4 R E AR R P FIRT EMD 7 A8 E IR, AL A I e ok A BRI B
(RO A xFEER 3, AT LRI A IO I BRI S AN W] 20, oA R T IR,
JE IS4G TE AN AT LA i B 1) S o L AR, ZEAR 7] H AR 225K TR 38 mT Ak /b Al T 1% . EMD
7R R FE S T G IE AR A AR ORISR T, S P S R R G, X — B AT BUE
=AY 4 R BT LLEGE, B U A OE RO LE, NIRZ, E .
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Tab.3 Periodic Term Correction of Harmonic Model and EMD Method

i R AR (S B gt (mm/a) W SUE R A S (mmia) EMD BUEEEE B4t (mm/a) PREZE kN B 43 b
<1 1~3 >3 bRt <1 1~3 >3 Rl i <1 1~3 >3 bRt 183 EMD

N | 9529 471 0 0.49 9823 177 0 0.43 9838 162 0 0.42 13.09% 13.89%

SCMB | E | 9125 875 0 0.57 9250 750 0 0.55 9739 261 0 0.46 3.48% 18.90%
U | 5048 4590 362 1.45 6835 3128 37 0.99 7756 2235 9 0.83 31.62% 42.60%

N | 9226 774 0 0.59 9490 510 0 0.55 9880 120 0 0.47 7.42% 20.12%

SCXC | E | 9469 531 0 0.52 9826 174 0 0.42 9956 44 0 0.35 20.27% 32.76%
U | 3803 4865 1332 1.97 6385 3571 44 1.07 7631 2364 5 0.82 45.68% 58.52%

N | 9245 755 0 0.56 9626 374 0 0.49 9919 81 0 0.39 13.15% 30.56%

SCXD | E | 9093 907 0 0.61 9187 813 0 0.59 9510 490 0 0.54 2.30% 10.59%
U | 3853 4974 1173 1.95 5738 4097 165 1.25 6501 3462 37 1.06 35.73% 45.75%

N | 8786 1214 0 0.63 9493 507 0 0.54 9620 380 0 0.48 15.68% 24.57%

SCYY | E | 9881 119 0 0.39 9915 85 0 0.38 9971 29 0 0.34 4.44% 13.79%
U | 3577 4864 1559 2.08 6146 3754 100 1.16 7192 2762 46 0.94 44.29% 54.52%

N | 9387 613 0 0.53 9573 427 0 0.49 9889 111 0 0.41 7.98% 22.33%

YNMJ | E | 9306 694 0 0.55 9410 590 0 0.53 9682 318 0 0.46 4.17% 16.53%
U | 2599 4423 2978 2.84 3972 4722 1306 1.98 4181 5251 568 1.61 30.40% 43.26%

N | 8878 1122 0 0.63 9301 699 0 0.55 9759 241 0 0.45 12.07% 28.96%

YNSD | E | 9145 855 0 0.58 9251 749 0 0.56 9599 401 0 0.47 3.53% 18.56%
U | 2812 4352 2836 2.76 4569 4815 616 1.61 4760 4744 496 1.51 41.54% 45.26%

N | 9405 595 0 0.53 9634 366 0 0.48 9791 209 0 0.45 11.49% 27.43%

YNTH | E | 9398 602 0 0.54 9574 426 0 0.50 9985 15 0 0.30 1.53% 16.26%
U | 3542 5114 1344 2.01 5644 4189 167 1.27 7702 2280 18 0.85 37.24% 43.05%

N | 9808 192 0 0.43 9879 121 0 0.39 9980 20 0 0.31 8.39% 26.80%

YNYM | E | 9299 701 0 0.56 9438 562 0 0.53 9723 277 0 0.47 5.35% 15.65%
U | 4116 4907 977 1.82 6100 3707 193 1.20 6927 3003 70 1.01 33.78% 44.27%
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Tab.4 Number of Simulation Flow Observation Periods

uh 4 SCMB  SCXC SCXD SCYY YNMJ YNSD YNTH YNYM
EMD & IE #1151 6 5 5 5 5 5 5 6
JRUGEHE A A 8 6 6 6 6 8 7 7
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Tab.5 2 Pairs of Continuous Station-Mobile Station Observation Information

ALY - FEES (km) inezipY MKy HE W

SCMB-JB36 <0.8 2011, 2013, 2014, 2015, 2017, 2018 6

SCYY-JB37 <14 2011, 2013, 2014, 2015, 2016, 2017, 2018 7
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Tab.6 Fitted Velocity after Correction of the Mobile Station Period Term and RMS

WAHEE (mm/a) RMS (mm)
44
EGk Bk W EE EMD 21E JRGR TS T R EMD 21E
N -9.17 -10.09 -10.00 -9.87 21.31 21.07 20.98
JB36 E 34.61 35.32 35.35 35.05 75.27 75.31 75.00
U -0.04 -1.01 -1.36 -1.06 6.46 7.14 6.32
N -18.00 -17.82 -17.92 -17.86 48.01 48.29 48.02
JB37 E 38.11 37.60 37.63 37.51 103.50 103.59 103.29
U -0.25 2.73 2.46 2.74 10.58 9.03 8.61
[ERGRFS] —— EiER S —— EMD#ERF & miah WAL * EMDEUEEE
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Fig.7 Term Correction of Continuous Station-Mobile Station Period and Velocity Fitting
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Application of EMD in GNSS Time Series Periodic Term

Processing
LIU Xikang"? DING Zhifeng® LI Yuan® LIU Zhiguang?
1 Institute of Geophysics, China Earthquake Administration, Beijing 100081, China

2 First Crust Monitoring and Application Center, China Earthquake Administration, Tianjin 300180, China

Abstract: Global Navigation Satellite System (GNSS) position time series usually includes both tectonic
and non-tectonic deformation information, have the characterizes of complex components, difficult
modeling, and difficult to effectively separate the non-tectonic signals from original time series. How to
remove the non-tectonic deformation information is very important for the accurate and effective
application of the observation data. Empirical Mode Decomposition (EMD) is an adaptive time-frequency
processing method, we use this method to correct the period term of 24 GNSS continuous station time
series in Sichuan and Yunnan areas. The results show that the correction of the periodic term is necessary,
EMD method is able to extract the periodic components of different frequencies and amplitudes adaptively
according to each station's own characteristics, which is also more in line with the actual situation. The
average Root Mean Square error (RMS) is reduced by 19.96%, 11.57% and 38.50% compared to the
original time series of N, E and U direction, respectively. It is a more accurate and effective method than
harmonic model correction. Then, we use the modified continuous station time series to simulate the
mobile observations, found that relatively reliable motion velocities can be obtained after 5~6 years/period
of observations. The stability and reliability of the EMD method were verified by correcting the period
term of the mobile station with the actual continuous observation station at a closer distance, which also
provides a reference and theoretical basis for the implementation of mobile GNSS observations and the
correction of observation data.
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empirical mode decomposition
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