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*ﬁ; ZI A (Empirical Mode Decomposition, fijf#f EMD) J&—FEHEIK
I BB AR E S s, AT AEEURE 2 s B A Y B SO B R B 1
KH EMD R FINHEAT 8, ZRFFITREHE S, REETR/DFRIME (Least
Squares Extrapolation, fai#f LSE) F1J~ B[ JT#Z M4 (General Regression Neural
Network, f#i#f GRNN) gy2HGHAN RS HE SRR FIIHET 1 ~ 10 d R am
. BRI BRI B B S TR A AT, TR A B .

XHiE K@ENE, BE, ik BEMT
PESES: P128; XERIAE: A

1 5|8

H# (polar motion, fijFx PM) JZRIEMBR A #5523l — N EESH, EEHEHBRkbE
it B FE T BR AR P2 3 T S B S TE SRR T L AL B R A RIS B TEH#Y
AR ZR Y, WM X MY s R H KRG BRE 25 (Earth
Orientation Parameters, fij#k EOP).

KBk EOP BA BB E ORI ME; &R EOP JRPUSHI PR Z:
FERM KRS HERZ M TR LR, X TR, Bt T HR =5 %
bR R B EE R R D

BRI H AR (B FELL T (Very Long Baseline Interferometry, f&j#& VLBI) . ATL
HWOGEMEE (Satellite Laser Ranging, fAi#f SLR) . £BREN. RS (Global Positioning System,
fA#R GPS) %) XTI 4G E AR H] 0.1 mas 2% B, SR, L BRI o B A SRR
BAE M it B IRM AT P R, A RER RIS E R EOP 458, X SB T —E Mt
[ESER. [, XA T A IA TR E —TER RN 5T 0 PRE.

TERERE IS HPHRITE C &M T RSB, Rl T &ML (1) HEmsg B8,
(2) BB AIAT AN B/ TR AMERTAL 1), (3) /N RIS AALR g BS AR 101 (4)
IREENE 12 (5) /NS | AR (8] 2,

HuBR E 1] SR L83 &l (Earth Orientation Parameters Prediction Comparison
Campaign, fij#f EOP PCC) #5RE£H] 14 #H — BT BEOP S KL I
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HITRAE A R IR B B L. BT, Mm%, BUE Al s/ D ZIesMERELL B 5k
WAL BIEBRY, X 3 Rl AR & B Bl A B AR A,

EOP & B RMAFLRMER R, WHIRLMESAYEST EOP B e Birikfgits
—. FHH BP #4:® % (Back-Propagation Neural Network, fij#F BPNN), J*~ S [8] |3 # 2 5
% (GRNN) BA RIFHyRTELERE, ASBARIRME; NAGEBATREERN, F
ERTHSHEAE 14, BDEEF, MEEAFBITAERFNA.

Kosek!"®! | Akyilmaz %5 16 B4 T 8 455 5 % T 4% 85 04 8 S S PUARES BELAS 76 A
LA (EMD) REfS 78 IR 594 5 Br B A B JE LR PR IE, BA AEY
MR, RES ARG AR T B, ASSOR AR AR R AR B 7 51 R i A
5928, E TR/ _MSIME (LSE) AT~ L EIHMHZ M4 (GRNN) B4 S HEIXT RS
BRSSP AT B TR SR g SRR R AL T B4R B8 i S A T4k,
ToiH5oRG LA T s

2 FiRiEE

2.1 ZREAHHE 151

Huang 5§ A\ 1998 4F4% i 2R A X i B B0 2R E R T RE S — &
HIFAE G SRR A R W B GBS K%L (Intrinsic Mode Function, f#f IMF)I8l. IMF
HIFR IR T RGH B BRI, Hoa s 2 LT 2 45

(1) fF 9 RREAARMER R M S EF AR ZRZHE 1;

(2) AR AR R BT RS L 4% 28 5 A /ML R BT ) RS T 4% A Xof B [ Al Xof

X 2 MRS RSEINETE IMF 2 REEHES. G5 F(O)(F(T) #rE9580
IREE) W 2R A e R BRI T

(1) #BNMFS F(T) WRIBAE A, IBKESFR/ME SR 3 WA E S 7
WEfGFT F(T) ( LEBLMTREL, NMGE F(T) LT 2 ZEKL Una(T) F
Umin(T);

(2) RHE L THELITHEFRES F(T) fIYERZ M (T), B

M, (T) = (UmaX(T) + Umin(T))/2v (1)
(3) ¥IRhfES F(T) MEHEML M(T) JFREGEWES Hi(T), B
Hy(T) = F(T) = My(T), (2)

(4) BT H1(T) BAEWRE IMF 254k, & Hi(T) A2 IMF &0, PR Hy(T) 185%
Igafes, BEELER (1) ~ (3), BB Hi(T) 2 IMF &, it Hi(T) = Ki(T), W K1(T)
HfEs F(T) W5 1A IMF i, BREEES F(T) FiEBRNTi;

(5) ¥ K1(T) M5 F(T) FaEitisk, /728 1 HEEmBn R EEGS WD),
A

Wh(T)=F(T)—- K.(T), (3)
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(6) ¥ WA (T) fE MBI IR{E S, BEELE (1) ~ (4), BEIE 2 4 IMF 738 Ko(T),
BHE n IR, BF] n A IMF 238, 8 —RIME, 59 F(T) \IFRRE n A IMF
SR —ARI W (T) Z A, B

=1
A, Ko Bl K, (BRI KREVMYIRTHES], K R BiRER, K, ZRiiRE
%, W (T) A—A TP
ZW, F5 F(T) @3B0, FGT oA IMF 288 1 MR ES, IMF
SR RSB R IR FHES], AR THES F(T) Fa i AR i) RO A RAAIE
.

2.2 BR/PDZRIMEREY
XNTHE X YV o, RN TFAMERRAE 4 NS RIEHT, FRAFED)
Ui, ARSI SRRSO, BAREEERARW (5) ~ (6) PR,

X(t) = Ay + Byt + Clcos(2m/p1) + C2sin(2m/p1) + DL cos(27/ps) + D2 sin(27/p2)+
EY cos(2n/ps) + B sin(2n/ps)
(5)
Y(t) = Ay+ Byt+ Cjcos(2m/p1) + Cp sin(2m/p1) + D,, cos(2m/ps) + D sin(2m/ps)+
E} cos(2m/p3) + E sin(2m/p3) ,
(6)
A, Ao B BB X FHIBRPRIEATWSE, C, . C Fr# X 7
FIRAIF L RFESB S, D, . DI Rl X FIERAFAFERI NS,
E, . E; ®pW# X FIREPRESZENTNSE; p LRSI A, U
B p1 = 0.5 yr, po R AFEEI AL, TEUSFI po = 1 yr, ps RAREEHEINHE
B, 7EWEHE ps = 1.183 yr, t KFFNH IR AT A RS (Coordinated Universal Time, A #R
UTC), TEHATI G I BALEE SR yr. FREXT TR vV F51, BEXMESEERRE XS X 7
FRERIAR] .

2.3 TN EIHEZMEEARRE 0-7R0
J7 AR 2R 4% (GRNN) J&— Rkt ie i R o 2 M 2%, BN TR E0E
ICFIEETE] P BM. SCHR (6] 45 T GRNN JREES 41, GRNN iy 2 RRGHAL, BIES
RS 1 RoARRMERER, MRt M RE TSGR, X2 HBUE R BV ER
REER %L (H || distant || 3R ), HAER A THS BRI S5 1 RHIAUE LW, Z[EH
PR B R HBUB R RN

—llz—c2]

Ri(z) =e 7% | (7)

Her, Ri(e) RABRETES M REBIER, o ZRBiERH O, o FRothENA
T, i BRI o BT
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W28 2 2 BALMER IR, HAUEREO A SRR R R4 R I n?,
ERENITTRME R o MAEREY LW, SR AR ERUARE o' &R
ZHRE, HAHFLER n® RABRIELREEL o® = purelin(n®) THEMZEHH.

2.4 BEITEE
ASCR 45T R 2 (mean absolute error, R FR MAE) VEAHg BEPE & fabr, HEL
AR K

N
1 i _ o
MAE; = N ;Zl(Pj - 0j), (8)

K, N FRRBMBEGEH AN, POy SBERE, O N Jj RBERE, @K
itk B, FAN d, MAE; MR « BT 4Rz,

3 LA

3.1 HHERIR
ASOR B B BRI H E bRt Ek B 5 M2 % Rk (IERS) ZATH EOP 05 C04 J¥
5], WS R 2000-01-01 & 2011-06-30, & H 1 ME.

3.2 LIRHIE

HTHR® X . Y FHIHEREREAMAR, AXTEEURE X FI80E KT, ERA
LR R X AT, R R A 1 R,

1EE 1, [ (a) Fal® X 750, & (b) ~ (1) 23R A- 08B X 54 EMD 7
fRIEW C1 . Cy---Cr 114 IMF 3. WNEI 1 AR AL, C1. C B TEHES.

ks X FFalRmmES ¢ . G JFollE, MSFmmR® X 7. BT 5/
CIRAMERT, ST TGS, R EEIES I, R AR S O R A 4 B T S R s
o E B, FmRE X FIREUSHRIINERE X B etEis, 7%
FRZFH] dX. T GRNN, MEREFH| dX HTHR.

TEFH GRNN #4757 EFF dX BiRET, K dX 2 RilghE. RiERMmiHReE. —
AR T, NGB RIERZE B, BREMRIE LR IEOIER. M A IIZGEB# T4 M
BRI AL, WIEB H SR e G E T, TESAETEE (0 ~ 0.1), BUPKH 0.01 #
TT2UGHHE, BURIEER MAE B £/ MBI B i 4 M 48 BB 34T Tl i
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Fig.1 PM X series and its decomposition results

WEEENZ, BDEEE BB AR S g AR I 2 o B0 ZERA g5 A 1] HoFTAH B i
Hirmit (RPEAE M & ), JEEOA T U NBER AL PR 22, IR BEXT X ek A\ 1] FF H A
MR TIA — (L AbBE. FERRBIAI B Z I, X 05 A B &SR FVEAE B #9335 15 — 1k b
BLiig

Ieah, BARME AT A2 WO DR R L E B — DR, MY FEE T ¢ B
FER i (i=1, 2, 3--) Wi, BB X REFF X BEAFTRA dX (¢ — s x 1), -,
dX(t—sx3),dX(t—sx2),dX(t—sx1). K, s HHENBENEHHZETE.

W X J75 B A WHRAE B SRR 0 Tl i (B AT SR AL A g TR AE 2 1.

ST WRB Y FHHIRSERRE X F5—5%, HSARFEMEARAN .

3.3 LEERSH

AR A 2000-01-01 & 2009-02-28 HARIM B P #E1 7L, Xt 2009-03-01 & 2011-
06-30 M7 5 (3 852 &) HAYH: 1 d, HEATETEIIS A 1 ~ 10 d (B EATIR, XFAT
BIREGERAE T Gt 47

A 30% EMD+LS+GRNN A1 LS+GRNN By 45 BT T XF oo dr, 58 1 ~ 2 fros.

M 1~ 28 LAFH, MAXTARAM EMD ZER&EHE SR, 2450k AR
XTWE X FH, 751~ 10 d MTHREE -, BEAWHBNRE, REREIAE 58.23%,
B/AMEAE 25.17%; XF PR Y JFS, FE 1~ 9d WEHREE L, MEWEBEKNIE, &
LA F 38.78%, (HB{ S B 10 d B, WM ER TR, WEEBEEE M, HEk
IR AR IS
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x®1 #%1B X F3 1~ 10 d FIREEST (BfA: mas)

Table 1 Comparison of the prediction accuracy from 1 to 10 days

in PM X series (unit: mas)

Days ahead(d) MAEPMDP+LS+GRNN N\fARLS+GRNN [mprovement of the prediction accuracy(%)

1 0.3651 0.4967 26.49
2 0.4273 0.9555 55.28
3 0.6104 1.4614 58.23
4 0.8611 1.892 54.49
5 1.2023 2.2239 45.94
6 1.54 2.5703 40.08
7 1.9074 2.9709 35.8
8 2.2845 3.3219 31.23
9 2.6379 3.5499 25.69
10 2.9337 3.9204 25.17

®2 WMBY K31~ 10 d FIREESIT (BA: mas)

Table 2 Comparison of the prediction accuracy from 1 to 10 days

in PM Y series (unit: mas)

Days ahead(d) MAEFMD+LS+GRNN N ARLS+HGRNN 11y hr6vement of the prediction accuracy(%)

1 0.3082 0.4148 25.7
2 0.4165 0.6803 38.78
3 0.6191 0.9785 36.73
4 0.8883 1.223 27.37
5 1.1742 1.4329 18.05
6 1.4658 1.7324 15.39
7 1.7664 1.945 9.18
8 2.0731 2.1376 3.02
9 2.2636 2.335 3.06
10 2.5035 2.4965

SO LR SE R EOP PCC 45 R#EAT T HL, TEERNE, A ik
it Bt 5 EOP PCC (Fi{#RAta]BE:  2005-10-01 & 2008-02-28) A, K& 2 PR,

WEAR L HE, X T2 5 EOP PCC W/, RAME: 1 FhBUHRABELE XY, 1 A rfE—
WFS, ASCURFS A% R R Z/ANE TR AR BEL,  [F] 04 T 55 00 BT A b e 46 2R,
A SO T [F] — /N AT R iR 45 R, R IZe N RS B B e Y AL TE BT v R

B 2 AR LR R L5500 AR A A SCR AL AIFT 25 EOP PCC A[R/INH B IS
WIS A 1~ 10 d {8 AR B TR 2

JF5 021 TR FET/NE BB R RA A G HA Y BHREE R (Akyilmaz); F5
031 R T R/R IR PR BUREE R (Gross); FF5 061 -2 T B/ IR AL
H AR R H G A FHR SR (Kalarus); FF5 071 R8T R/ A 4 515
FEI ) 2 S AR TR Z5 R (EOP Product Centre); 5 093 7R #1224 TR AR (Zo-
tov); JF'5 101 /R T [ 3 3 T BRI A Bk 45 R (Pasynok); EMD+LS+GRNN £
R T LI e B/ NIRRT SCIE] 5 4 22 M 28 S RN Y TR 45 R LS+GRNN
FRIET e/ N RSN SCIR] 5 o 22 Y 24 A G LAY P TR 25 2R
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Fig.2 Comparison of the results of this paper and those of EOP PCC[!4], (a) PM X series,

(b) PM Y series.

EHERGE SRR ERE L, H, AW EEE - MEEWHEEK. EOP
PCC Z5RFKH, A 1 MAEN A EOP S8 A KAT B 18 B I il Hioks B AT RB A8 15 31| 5
. NEL 2 fyxt e FR AT LABA & ), #HE EOP PCC 9 1 ~ 10 d B4 40 AR B TR 45 5%,
AR AR BB X PP 0B A B, MWE Y AR IHOE R A
BRHE.

TWERHEE, W8 Y FIMTHREEAK 061 ¥ (TEFHRET RS 4 d 55
T) #1093 J75 (FET RS &L 6.5 d BEILT) BITHRoRG B2, X2 R | AR 45 M
EOP PCC W4 R EARR WRE M. EOP PCC K ESITHEE & 2005 4 10 A
F 2008 4 2 H, ASCHPRESTHEEZ 2009 42 3 A 2011 48 6 H. X FHiEKE M S5
TR, EBB B BOE BRI ARE, BlHAs S G WAy, AR BHRE, HES
HEH. FHI, A3CRFAMBRRIERSEE FARK 061 JFFIHA 093 JF 412 EH 1.

4 ik

AICR R B T BRSBTSl MR KRB 5 &
PGSRt Eh . LRERRY, WBFHH &GS TS E R A R
TERL, FEART BUARAEBE; BEE S N, Wi (5 S BELAR VR PR, X T4t BE S i i s
ARSOR AR RBITERR RS 1 ~ 10 d BRI BR PR BB, RA AR t. ek
BB, B FRER A H AT AT S PR

TEJREEIBTTE LR, Rt —P 5 8Bk A A S PR R, RS
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Application of Empirical Mode Decomposition in the
Ultra Short-Term Prediction of Polar Motion

WANG Xiao-hui WANG Qi-jie LIU Jian
(S’chool of Geosciences and Info-Physics, Central South University, Changsha 410083)

ABsTrRACT Empirical mode decomposition (EMD) is used to analyze the nonlinear and
time-varing signals. Being different from the traditional signal analysis methods, the decom-
position is data-driven and self-adaptive. This paper applies EMD to decompose the polar
motion (PM) series. Firstly, the high-frequency signals in the PM series are removed. Then
the combined model of least squares extrapolation and general regression neural network is
used to predict the PM series without the high-frequency signals from one to ten days in
the future. The result shows the feasibility of this new model and obvious improvement of
the prediction accuracy.

Key words astrometry, time, methods: data analysis



