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GRNN y�+>"[��T 5:Dh�|�n &%j��"
�xv��$Fux�D'z��� P128; -/g#�� A

1 30 �n�NH1a (ERP) �BnqgxI*= (LOD) !Z�x�TI4nTgN��_'�_�n�17 Ix�17 �C!"H_�&(_�{-rFhfn�NH1a [1]. #�}�%\4nv^�.�=j(�:4Wv^�&�p24.v^I �v�v^j��ga+MG?I�Jfy�GFhfn�NH1a�qQ�5{|?n�NH1ag!"
�ihS&6Y'Iux.lgK_�n�NH1a
�:�*=!Zg
�Sys/
�|ÆS���|�%0	B���%Zx�g!Z�eJ*=!Z>HJ%X�)a��!{IGF�?f
�*=!Zs�X�D��T%g�W�*=!ZF_�BB�-I�B�-V.��B�-9i|?�s!""v
��B�-:gXx�F�x�Fir�|!ZF_S}/wn�� �X�I�℄/�g
xW�_s�g [2−5].T%m�
� ERP 
ph#XXN�Y'�uJX#>+~g
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Xw6�Æ(FsAI�(FsAVE�(FsA.
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g+~TKj��(FsA�Bl'Nb7sA�&'=#�e [8] �sV�Gj
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�gK�� 2005 � Schuh j&	�Xn�NH1a
4�ÆzY (EOP PCC) (�
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g�,?#\��;ivz 3234F�Æ 2005 � 10 � 1 *6 2008 � 2 � 28 *), �'� ERP �CX�}��}�I:�
� 1.n�NH1a�BX��g�(Fqd�li0x�(F
�g

�Æ�C
��Gd6&ÆKG� KolmogorovvG (1957 �) .q

" 3 6�A=#�e9ii'l!{��'lSRDa�=#�e+K_Q#�NaTsA�&`(0� oXsA�7������(F �gG%SE�9Cg�
BP=#�eSu�JxU�g
>=#�esA�o�3�ux�Nx;8�>HMG�FP
4r}Kj^	�̂ SoU�
6!s�M.u\?I-k&0).q2��e�
�,yi"v��gF�Æ=��Z{O+�j [9−12]. (�&6!sN�T%uJX��VD��0��=#�eg1ar�
�,�C��g�`��=#�eIÆn9{g
�K�Czgg�.sV=#�e�fN=#�e�^SzU�J
vg!&�)M�+�g:XY'���
GRNN S&/jDa (RBF) =#�eg
>�S� BPg
/TuJg
><gDa��=#�e�og{Rw%�
-�UGg).��F{�+e&0).q22
WT?I+K_u\�K_t�g1a5� 1 "�t2XqM�lizgf{?
lKgWT^�Æ BP =#�e9f���e5� 2 6��,�℄�5=�0���
4��Ej�v [13−14]. �D��gT%�Æux�G�Y'(uJX��

�liGd63mb7=#�ex��0*=!Z
�S9Cg�

2 GRNN s�b��	�79�mf�>`syw
2.1 GRNN p�a?�

GRNN =#�eSj��| RBF =#�eg
>��g RBF =#�esA�} 26TD�ttB6I\J6�o��| RBF =#�eg�'��\J6ga+MG
N+~��egp 1 6Æ&/jtB6�=#
"aj�WT^�a��6g�2DaÆ�V.FDa (x ‖ distant ‖ %O), ÆYxÆzg�e\0�p 16g�2 LW 1,1 /�g.F�tB6gpLDaÆ

Ri(x) = e

−‖x−c
2‖

2σ2

i , (1)Æ: Ri(x) %OtB6p i "�sgpLDa� c %OpLDa:=� σi Æ2XqM�
σi �X�pLDa��X��egp 2 6Æ(F\J6�Æ�DaÆ6�ZsoDa�zg�eg/W n

2, ogk"
d(S/W a
1 I�2** LW 1,1 kC
dgso�Li/W a

1 g#
d/If
g�(��< n
2 u*$(FNrDa a

2 = purelin(n2) zg�e\J [15−17].

1http://www.cbk.waw.pl/EOP PCC
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2.2 GRNN 58�kd�;℄
2.2.1 a+
MG��lxg*=!ZK[�N:|n�NHI17 ��g EOP C04P\�F�={Æ 1980∼2010��k*
"2�*=!ZP\:gB�-��B/wn�B�-I�℄B�-�Æ:�%Æ 5 d∼18.6 yr A�g/wn�Z8B-�h#�:|+(g#\+NIa+9i�CI, [18−20], T%Æ�℄�A*��*B- [21−22], ����gY'9iU

*=x�F!ZgA����-9i|?U2�G

!""v�C!g.�ÆZ��(FD�g27P\�� 1 T6
!�'gJX 1980∼2010���g*=!ZgÆLP\�Z8BP\�(FsA}KP\I27P\�

� 1 ~7d"eS��,?#\�Mb,�[9C.�*H~L.�38Q℄
Fig. 1 From top to bottom: Series of the original data of LOD (length of day) change, tidal term, fitted

term of linear model and residual��0x6`27P\Y�(F=#�eg�sI
���(FsAg
��<I�(FsA
��<+~tÆU=g*=!Z
�2��=#�e�sI
�/�K�27P\�ÆWT��4X�I\.��k"a+�z_%+=#�e�sIWTDag_�,�\0**I+ugu$** (t��g\J**), UTÆX�2a+MG�7�^_�&6\0**Iu$**�C7
ZMG���sI
�/T��Æ'I
��<�MY+ug�7
ZMG�/{�&6a+x�sAF{	.�
��14g�ÆI!{	v�
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2.2.2 �sI
�i={Æ 1 d g*=!Z
�ÆM
\0^�IWg"a} 2 �
 10, tB6�s"aIWT^�"a+j�\J6�s"a%+K_<v�oj�u$**:\JIWg"a�kRzgK_t�gS2XqM�GRNN|<x2
%�7 (RMSE) YÆPW�eF{G℄g3$�JxF�2XqM2K_+�:X�iG\#\D6�
�={Æ2�\0�s"aÆ9F�2XqM�Æ229J RMSE U2�<�ep i "�sG|\JÆ ti, u$\JÆ ei, �2
%�7gaT%WNÆ

RMSE =

√

√

√

√

1

N

N
∑

i=1

(ti − ei)2 , (2)

N %O\J�sg"a�S�2XqMF9i#�ÆXg�
zS��.#� (0.05, 1.0) g�
zS��-=� 0.05,&^K_zg 20R
̀ zg�<%q2XqM�
"Æ2�	�M.� (0.20,

0.35)g�
z RMSEÆ2F�!
Rzg(9�2XqMg�2�
j2
 (0.20, 0.35),-=`9U`j�Æ 0.01,wj�zg 15R(9i$
UKg2XqM2�G|ux:���tvga+�2XqM2gt�?I�
vg6`F���*=!Z
��Z��zg�={Æ 1 d � 2 d g
�T�Tpg
��+~\0�sg��!�9%+�p+u\0�sz�!"vg2XqM2�j�"v
"2g�
�N?�JJ RMSE U2Fg2XqM2�ÆX&GnPW
��<g!{�(~ EOP PCC 
�g�<�C�Æ��m`zgX�21��7 (MAE) 2�ÆaTzg+N.!

MAE =

1

N

N
∑

i=1

(ti − ei) , (3)N: ti � ei r N glm~ (2) N�
3 �9 GRNN s�mf�>`��[#� 1980 � 1 � 1 *6 1999 � 12 � 31 *g*=!Z27P\x�3mb7=#�egWT�WT?I:�WT��\.�I4X��'� 80%�10%�10%g�M�C���#TxWTGg�e� 2000 ∼ 2001�g*=!Z27P\�C 1 ∼ 10 d�
15 d � 20 d � 25 d � 30 d � 60 d � 90 d � · · · � 360 d g
� (� Schuh j [2] gF��+~), (�
��<� Schuh j [2] 
��<�C�Æ��% 1. }� Schuh j [2] g
�S 10 yr i�g
��&�� BP =#�e`fi+�	!�-�li�Jx GRNN
���m`:XJx��g BP =#�e

�*=!Z�C
��(�Q


�lf2
%�72
(\�% 1.~F�m$JXj� GRNN 

g={Æ 1 d g*=!Z27P\
�}K�(�r
�27���� 2. � 2 :OZ$\%
��<l�ug*��� 1 yr �Æ 365 d,
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x�ug*�9i:D�H~6 1/365. }�OZ$g�
�'�&K5�_
X2asT
��� 2(a) :G(\%*=!ZP\Æ272��:x lodr %O�L(Æ
�272��:x prediction %O�� 2(b) :$JX
�g�7�h 1 GRNN <^
�: BP  �(�<^
� (Schuh t [2] q<^
�) �{�q BP  �(�<^
�q
� (o+� ms)

Table 1 Comparison of the prediction results of GRNN, BP (Schuh et al.[2]) and

modified BP neural networks (unit: ms)

Days ahead GRNN Schuh et al.[2] Modified BP

1 0.037 0.019 0.027

2 0.074 0.049 0.073

3 0.097 0.074 0.093

4 0.117 0.097 0.110

5 0.134 0.121 0.131

6 0.151 0.142 0.148

7 0.164 0.159 0.162

8 0.174 0.174 0.170

9 0.179 0.184 0.176

10 0.187 0.193 0.185

15 0.204 0.246 0.211

20 0.210 0.251 0.217

25 0.211 0.249 0.215

30 0.217 0.245 0.219

60 0.222 0.292 0.219

90 0.226 0.306 0.231

120 0.226 0.314 0.229

150 0.233 0.330 0.237

180 0.234 0.361 0.234

210 0.236 0.397 0.241

240 0.236 0.377 0.236

270 0.240 0.386 0.231

300 0.247 0.402 0.249

330 0.254 0.372 0.262

360 0.250 0.347 0.245T% 1 I� 2 }K�7� (a) r (b) :9i6J� GRNN x�*=!Z
�S�ÆD)g�iJ={g X�
�!{�l
m�ÆXJ�<&~01�� 3 gJX+~={g
�!{�EQ�HÆ GRNN 
��<���Æ Schuh j [2] g
��<��
�\%��g BP =#�e
��<�T� 3 9i6J��� 1 ∼ 8 d g
�� GRNN g
�!{m� Schuh j [2] g
�!{�Tp 9 d 4L� GRNN g
�!{{� Schuh j [2] g
�!{(E�C4.F���}� 1 ∼ 10 d g
�:� GRNN 
�!{m���g BP =#�eg
�!{��}�I:�g
�:LX 60 d � 270 d r 360 d g
�!{81���g BP =#�e

�Æ�={g
�!{2{� BP =#�eg
�!{i�/+`�^S�
�4a6� GRNN lxF��Æ BP =#�e
�lxF�gEu�/
���:`
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� 2 >|� 1 d i��~L�>s~L�8�
Fig. 2 Fitted result and error with the prediction time span of 1 d

� 3 GRNN ��"|� Schuh l [2] s��i BP ?%
g��"|��	 (a) ~
 (1 ∼ 30 d) ���
(b) ;
 (1 ∼ 365 d) ��

Fig. 3 Comparison of the prediction accuracies of GRNN , Schuh et al.[2] and modified BP neural

networks. (a) Short-term (1 ∼ 30 d) prediction, (b) medium-term (1 ∼ 365 d) prediction



328 y � U � 52 /9i	%�iJF�={g X� GRNN 
��7�(Æ2X�
��7FE� X�R�� BP =#�e
��7+�v�{�Æq$�&`Sb7={Æ 60 d � 270 d r
360 d g
�:� GRNN 


1���g BP =#�e

g0�Æq/
�ÆX�
-rs GRNN x�*=!Z
�gF{��m`S�X 1980 � 1 � 1 *6 2005 � 9 � 30 *g*=!Z27P\YÆWT^��
� 2005 � 10 � 1 *6 2008� 2 � 28 * (� EOP PCC F��+~) +~={g*=!Z272�zgX
��<g�21��7�(� EOP PCC g�<�CX�Æ [23], �Æ�<�� 4 ∼ 6.� 4(a) �� 5(a) r� 6(a) %OJx GRNN �C*=!Z
�lf MAE 2��
4(b) �� 5(b) r� 6(b) :+~[2(z�'Æ1� EOP PCC +~2Tlfg
�D<�M2��S(%OgSQKu>

g
��<�Æ:!{ÆGgu"Y'2TS
M2G(g Gross R. g
��<�\`2G(g Kalarus M. g
��<��R2G(g
EOP 9�:=g
��<�
��<g	�3$Æ MAE.T� 4 ∼ 6 g��:9i6J����}� 1 ∼ 10 d g
�� GRNN 


�g
MAE !{�R���p 1 � (Gross R.) Ip 2 � (QK
�) g
�!{
��}�
1 ∼ 30 d g
�� GRNN g
�!{I��p 1 (Gross R.) Ip 2 (QK
�) g
�!{X7+`
��:�g
�� GRNN g
�!{�{� EOP PCC 
�!{�

� 4 A~
 (1 ∼ 10 d) �� MAE ��	 (a) GRNN ���>� (b) EOP PCC ���> [22]

Fig. 4 Comparison of the predicted MAE for ultra short-term (1 ∼ 10 d). Prediction results of GRNN (a)

and EOP PCC[22] (b)
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� 5 ~
 (1 ∼ 30 d) MAE ��	 (a) GRNN ���>� (b) EOP PCC ���> [22]

Fig. 5 Comparison of the predicted MAE for short-term (1 ∼ 30 d). Prediction results of GRNN (a) and

EOP PCC[22] (b)

� 6 ;
 (1 ∼ 500 d) MAE ��	 (a) GRNN ���>� (b) EOP PCC ���> [22]

Fig. 6 Comparison of the predicted MAE for medium-term (1 ∼ 500 d). Prediction results of GRNN (a)

and EOP PCC[22] (b)
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4 GÆ�C*��|?GM\.X GRNN x�*=!Z
�g9CF�|?� Schuh j [2] ir
EOP PCC[23] *=!Z
��<g�Æ��m	%��(Fg GRNN 

x�*=!Z
�+�{f
�!{g
��<�~F}��ezgK_t�g1a5��XqM��eWTlK^�aW��2� BP =#�eWTlK^�aW�l�gzg9i|?zgmIP?fG%�XXu�X
�4a�i={Æ 1 d g*=!Z
�ÆM�ux
BP =#�eg


�*=!ZK_ 10 h W�gF��ux GRNN �5_ 1 h W��
�4aqXu��&��n�NH1agGF?f
��J&�g%Glm�.< GRNN :2XqMir\0�sg"a{-|?KUgt+

Nx$
J
RMSE U2Fl�ug2�wj GRNN x�*=!Z
�g4a�e�&Xgu��~F
�`e&~!"�&
�vgY'��|?fNg
g )
k{Ofi�0�}�*=!ZIX�
xWD/�W�Jn�g0 [24−25],!
-gY'�m�eQK*=!Z27P\irX�
xWD/�W�C*=!Z
��i � , .
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An Application to the Prediction of LOD Change Based
on General Regression Neural Network

ZHANG Xiao-hong WANG Qi-jie ZHU Jian-jun ZHANG Hao
(School of Geosciences and Info-Physics, Central South University, Changsha 410083)

ABSTRACT Traditional prediction of the LOD (length of day) change was based on linear

models, such as the least square model and the autoregressive technique, etc. Due to the

complex non-linear features of the LOD variation, the performances of the linear model

predictors are not fully satisfactory. This paper applies a non-linear neural network — gen-

eral regression neural network (GRNN) model to forecast the LOD change, and the results

are analyzed and compared with those obtained with the back propagation neural network

and other models. The comparison shows that the performance of the GRNN model in the

prediction of the LOD change is efficient and feasible.

Key words astrometry, time, methods: miscellaneous


