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(�YT%gz#%V�pl3%_ 8� 410083)�� �.T(�� (Empirical Mode Decomposition, t= EMD) .7�<�~ra�0E�{�"!ÆB��	��%=Æ<���?�Pk2?AaT(><�;�.K EMD }b9�?
�����K�?�a�dÆB��K℄R���B\Z (Least

Squares Extrapolation, t= LSE) D/AY2��_H (General Regression Neural

Network, t= GRNN) a�FT�}�K�dÆBab9�?
� 1 ∼ 10 d a:xjX��$.�7$Q	{�T�EK[b9:xjX��P%���X�
vPQu���>J0 ml,Y�dI�98	kT;w�o;WC	 P128; uz)g℄	 A

1 �� �a8 (polar motion, s< PM) -#vfy��dq`6��3/;�E-|fy=!���hfy�NZdq�Y�akhfy#O�`e���TK P`v��hfa""q��a8Æ
 X Æ:C Y Æ:�a8C�7 PU<
fyo�/; (Earth

Orientation Parameters, s< EOP).��W� EOP �O�3`"$>�C#mDJp{���u` EOP [�-fy/!+qCOy/!+qyr	��U`�3Qw�|f�Y?�`-1fd�'H1
#mDJ�O�3`"$>� [1].vV1fh7 (�7\z�� (Very Long Baseline Interferometry, s< VLBI) ��f`-1� (Satellite Laser Ranging,s< SLR) ��yoeqU (Global Positioning System,s< GPS) 
) |a81o�u$RZ 0.1 mas :g [2], ���R9vV1fh7[�`;���Æ9�f`ÆoL19C�,[_Z��u` EOP�6�s�Y�<6o`!r*E�BO�|a8	�9wiW�-6~{_�
)�`&M�hfyo�/;W��O;Æ <��)��LH<��S�� (1) �Æ^G [3−8];

(2) 
hÆoC���A[YS� [9]; (3) ���A	'S�C�X1S� [10−11]; (4) ��JF' [12]; (5) �'Æ�C�X1S� [13] 
�fyo�/;W��}kO (Earth Orientation Parameters Prediction Comparison

Campaign, s< EOP PCC) �6#P [14], LO6�S�|CO EOP /;<d
>*u
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hÆoC���A[YS�����A	'S�C�X1S��s 3 ���t-a8W�`}MS��
EOP �<�f`�z�B��DJ�z�S�	� EOP W�-}�`#jX�y6�|� BP �Æ^G (Back-Propagation Neural Network, s< BPNN), .�X1�Æ^G (GRNN) �O9�`�+���[�(Zx
�+a�{�'89C(�3nV��3m~`/;}O 1 ��f-NB���t�Od��E�
Mk�
Kosek[15] � Akyilmaz 
 [16] -x<�

A|Qa8`9wiW�n��!J�Æ-S'Æ� (EMD) [*GÆ�B
A��C,O`�z�C�eiJv��O�/Ds�|
A/�LOy�`Jk [17]. BO��g-JÆ-S'Æ�za8�>�`�

A�J�\Q���A[Y (LSE) C.�X1�Æ^G (GRNN) `�ES�|�J�

A`a8�>	�9wiW��#-�6#P�z�S�DJZa89wiW��W��uOPt���

2 
&`~
2.1 Q�^h:M [18−19]

Huang 
� 1998 ^LH`Æ-S'Æ�`W`-z�z��ei
AÆ�
6q>#v
AJv!rFu`,OSF=; (Intrinsic Mode Function, s< IMF)[18]. IMF`LH-
<[_O>�`=!
E�lÆ:��I�<r 2 �Qw�
(1) 
A�`aS{kCa�{kk;yCU9Ak`�;y5��|5 1;

(2) NaS{kC)>`��GzUa�{kC)>`r�Gz||!r�|<�s 2 �Qw%Æ�_Z`CO IMF Æ:-mU
A�
A F (T )(F (T ) #*
A`su) `Æ-S'Æ�`�N*
�r�
(1) oZ
A F (T ) `�+a{k�|aS{kCa�{k6J 3 P2Q4{Æ%�o
A F (T ) `��GzCr�Gz�Q�_Z F (T ) `�r 2 Q�Gz Umax(T ) C

Umin(T );

(2) !��r�GzkA[&
A F (T ) `�{}z M1(T ), f
M1(T ) = (Umax(T ) + Umin(T ))/2 , (1)

(3) z[&
A F (T ) u��{}z M1(T ) J_Z�`
A H1(T ), f
H1(T ) = F (T ) − M1(T ) , (2)

(4) b{ H1(T ) -�I� IMF Qw�Æ H1(T ) (I� IMF Qw�kz H1(T ) !
[&
A���*
 (1) ∼ (3), zZ H1(T )I� IMF Qw�l H1(T ) = K1(T ), k K1(T )

A F (T ) `h 1 � IMF Æ:�EV#
A F (T ) ���
E`Æ:�
(5) z K1(T ) Q
A F (T ) �Æ0H-�_Z 1 ��l�
Æ:`5{
A W1(T ),f

W1(T ) = F (T ) − K1(T ) , (3)
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(6) z W1(T ) !
�`[&
A���*
 (1) ∼ (4), _Zh 2 � IMF Æ: K2(T ),�� n P�_Z n � IMF Æ:�Æ96q>`Æ�J�
A F (T ) $#*> n � IMFÆ:C6�S~ Wn(T ) yC�f
F (T ) =

n∑

i=1

Ki(T ) + Wn(T ) , (4)'�� K1 Z Kn `
E
QSZ�`>�a>� K1 #*
E��� Kn #*
E�e� Wn(T ) 
6�Wm�>�~O�
A F (T ) R9Æ-S'Æ��[_< n � IMF Æ:C 1 � S
A� IMFÆ:-
pQ�
Ze
`>�a>�V#<
A F (T ) ��<`(T!rFu`Jv
A�
2.2 �{7.qp^}|Qa8 X � Y Æ:����A[YS��< 4 �+Æ�7i|,~��
^�q~�
^�q~Cq℄.�q~�S�`;$#R'� (5) ∼ (6) 'C*�
X(t) = Ax + Bxt + C1

x cos(2π/p1) + C2
x sin(2π/p1) + D1

x cos(2π/p2) + D2
x sin(2π/p2)+

E1
x cos(2π/p3) + E2

x sin(2π/p3) ,

(5)

Y (t) = Ay + Byt + C1
y cos(2π/p1) + C2

y sin(2π/p1) + D1
y cos(2π/p2) + D2

y sin(2π/p2)+

E1
y cos(2π/p3) + E2

y sin(2π/p3) ,

(6)'�� Ax � Bx #*a8 X �>S��7i|,~`/;� C1
x � C2

x #*a8 X �>S���
^�q~`/;� D1
x � D2

x #*a8 X �>S��
^�q~`/;�
E1

x � E2
x #*a8 X �>S��q℄.�q~`/;� p1 #*�
^�q
i�h\E�� p1 = 0.5 yr, p2 #*
^�q
i�h\E�� p2 = 1 yr, p3 #*q℄.�q
i�h\E�� p3 = 1.183 yr, t 
�>`�m+�! (Coordinated Universal Time, s<

UTC), h	�\E!We�U
 yr. T2|Qa8 Y �>��|D/;#*<�U X �>S�|T�
2.3 ?�D�
Qr\E'ÆX [6−7][20].�X1�Æ^G (GRNN) -6��	`��\=;�Æ^G��3DJQ=;��C!r�>W1�gw [6]  H< GRNN [1��� GRNN N 2 3^G)>�fC<3C4H3�^G`h 1 3
��\C<3��ÆZ�;
Q'82�;��3`�{=;
`1�0=; (J ‖ distant ‖ #*), l!J
kA^G4
Uh 1 3`�{ LW1,1 yr`�0�C<3``4=;


Ri(x) = e
−‖x−c

2‖

2σ2

i , (7)l�� Ri(x) #*C<3h i �~k``4=;� c #*`4=;��� σi #*-NB�� σi `Sk`4=;`eN�
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z�4H3�l�{=;
0�Pk_=;�kA^G`�: n
2,E`M�Z��-�: a

1 C�{�u LW1,1 M�Z�`k_gJ<�: a
1 `�Z�yC_Z`�&z�6 n

2 L% z�Mj=; a
2 = purelin(n2) kA^G4H�

2.4 O4a3�(�g-Je��|n5 (mean absolute error, s< MAE) !
�ugo|"�l;$kA&'

MAEi =

1

N

N∑

i=1

(P i
j − Oi

j) , (8)'�� N #*W�zUk2��;� Pj 
 j k`W�{� Oj 
 j k`#m{� i 
W�*u�We
 d, MAEi 
W�*u
 i `e��|n5�
3 f�=x
3.1 jSV��g-J`a8;���4mfy��C/!q�m (IERS)�)` EOP 05 C04 �>�!r*u
 2000-01-01 ~ 2011-06-30,M� 1 �{�
3.2 e�B/NQa8 X � Y �>W�[1|T��g�3<a8 X �>�9
��3s-JÆ-S'Æ�za8 X �>	�Æ��Æ��6�V 1 C*�hV 1 ��V (a) #*a8 X �>�V (b) ∼ (l) Æ%#*a8 X �>Æ9 EMDÆ�J` C1 �C2· · ·C11 11� IMF Æ:�QV 1 $<Pt H�C1 �C2 6Q�

A�[&a8 X �>)J�

A C1 � C2 �>J�)>�`a8 X �>�\Q���A[YS��	�7i|,~��
^�q~�
^�q~Cq℄.�q~
�o�+Æ`\ECW���`a8 X �>u�\E_Z`a8 X �>`�o�+Æ�[_05�> dX . \Q GRNN, |05�> dX 	�W��h6J GRNN 	�05�> dX W�r�z dX Æ
'8z�-xzCW�z�6�w,r�'8zC-xz3�*7�W�z!�#mw,#��6J'8z	��Æ^GS�`xS�-xz`W`-�o-NB��h o�a (0 ∼ 0.1), �*7
 0.01 	��PkA��-xz MAE {��`S�
�M�Æ^GS�	�W��
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W 1 
: X  �em��W
Fig. 1 PM X series and its decomposition results�3�>`-�M�;�zt3!�xSC'8=;`3{)x4
�:C|D`W"�: (fi``4H�:), &t
<u�;�L1n5�S3|s�4
�:CW"�:	�16PL1�hxSCW�yJ�|
tCW��6��!|D`℄16PL1�O[�;�`4
�'4- �W�`al�3`6�R~�|DQ!r5Z t, *u
 i (i=1, 2, 3· · ·) `W��a8 X 05�> dX `4
�'
 dX(t − s × i), · · ·,

dX(t − s × 3), dX(t − s × 2), dX(t − s × 1). '�� s 
�Æ^G4
3`�ÆZ�;�a8 X �>��W�{�-z�S�`W�{C�z�S�`W�{yC�|Qa8 Y �>W�*
"a8 X �>6��+(g �N���
3.3 e�KA:v�g-J 2000-01-01 ~ 2009-02-28 ira8�>	�xS�| 2009-03-01 ~ 2011-

06-30 `a8�> (( 852 k) �`M 1 d, 	�!r*u
 1 ∼ 10 d `9wiW��|COW��6!<UkÆo��gz EMD+LS+GRNN C LS+GRNN `�6	�<|�Æo��# 1 ∼ 2 C*�Q# 1 ∼ 2$< H�||Qd6J EMD�J�

A`S���g-J`S��|Qa8 X �>�h 1 ∼ 10 d `W�*u���uOPt�������RZ 58.23%,��4O 25.17%; |Qa8 Y �>�h 1 ∼ 9 d `W�*u���u4O}S�������RZ 38.78%, XW�*u- 10 d !�W��ueQrr�B�*ulo��u��`su4hu��
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Table 1 Comparison of the prediction accuracy from 1 to 10 days

in PM X series (unit: mas)

Days ahead(d) MAEEMD+LS+GRNN MAELS+GRNN Improvement 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 F� Y �Z 1 ∼ 10 d �$P5nH (1s	 mas)

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

in PM Y series (unit: mas)

Days ahead(d) MAEEMD+LS+GRNN MAELS+GRNN Improvement 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 -�gSz�9�6C EOP PCC �6	�<�}��3�>`-��gCJ`W�!rzU EOP PCC (W�!rz� 2005-10-01 ~ 2008-02-28)(T��V 2 C*��3|H`-�|Q/U EOP PCC`���-J`M 1�W�S�t|D 1�b6`�A��g<�Ao�R#*���C-J`S��T!
<#oP�f�}�6��g|QT6��(TS�`W��6�}#�����u��`S�hV�t*�V 2 �(Tz�`zQÆ%#*�g-J`S�C/U EOP PCC (T��C�_`*u
 1 ∼ 10 d `9wia8W��u��A 021 #*\Q�'Æ�CSLY1qU�ES�`W��6 (Akyilmaz); �A
031#*\Q��JF'S�`W��6 (Gross); �A 061#*\Q���A	'S�C�X1S�`�ES�`W��6 (Kalarus); �A 071 #*\Q���AS�C�X1S�`�ES�`W��6 (EOP Product Centre); �A 093#*�Æ^GW��6 (Zo-

tov); �A 101#*\Q�X1Nqe�S�`W��6 (Pasynok); EMD+LS+GRNN#*\QÆ-S'Æ�����A[YC.�X1�Æ^G�ES�`W��6�LS+GRNN#*\Q���A[YC.�X1�Æ^G�ES�`W��6�
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W 2 �h�8V EOP PCC �8 [14] ~�� (a) 
: X  �� (b) 
: Y  ��
Fig. 2 Comparison of the results of this paper and those of EOP PCC[14]. (a) PM X series,

(b) PM Y series.G}fyo�/;W�`B�O���l��S�`#j-6��3`B�� EOP

PCC �6#P�LO 1 �S�|CO EOP /;<d
>*u`W��ut[*RZ�M�QV 2`|��$<Pt H�|� EOP PCC` 1 ∼ 10 d`9wia8W��6��g-J`S�|a8 X �>`W��uOPt���|a8 Y �>`W��u4O}S����3|H`-�a8 Y �>`W��u(d 061 �> (hW�!r99 4 d `w,r) C 093 �> (hW�!r99 6.5 d `w,r) `W��u�s-B
jN`�6C
EOP PCC `�6-(TW�z`Uk�u� EOP PCC �uUk�a- 2005 ^ 10 aZ 2008^ 2 a��g`�uUk�a- 2009^ 3 aZ 2011^ 6 a�|Qfyo�/;W�-?�xSzCW�z#j`(T�W��ut-OG}`�(T`W�z��uZO5%�BO��g-J`S�hV�*u�(d 061 �>C 093 �>-w6`�
4 L[�gzÆ-S'Æ�DJZa89wiW���Æ-S'Æ�[*za8�>��

A}�fÆ0H��#-�6#P�a8�>`�

A|Qa8wiW�O��!J�|e<W��u�B�*ulo��

A��!J|e�|W��uG}u���g-J`S�ha8 1 ∼ 10 d `9wiW���u}���OO��CM`��h7iW���S�3-JlD��	��	W��hJ!`)�$!��z	6*!Dfy�� P`��`�B���SpC:1
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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
(School of Geosciences and Info-Physics, Central South University, Changsha 410083)

ABSTRACT 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


