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2.1 ���J<4Le3](1Fme<~K{\


xi = a0 + a1ti + a2t
2
i + ei (i = 1, 2, · · · , n) , (1)
a xi 6e3(1��� ti 6(1�c� a0 � a1 ; a2 6S%/�� ei 6�MR!�+](1G3� n 6(1���V(1��{( 3 ���$��_~>sDjF�e\S%/�

β̂ = (ATA)−1ATX , (2)
a X =
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

x1
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...

xn


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, A =




1 t1 t21

1 t2 t22

· · · · · · · · ·

1 tn t2n


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, β̂ =




â0

â1

â2


.^J�$� (1) 
y/��� tj(j > n) ]/�s/6

xj = â0 + â1tj + â2t
2
j . (3)

2.2 &94L?�JxFm�le3"�6 [5−9]

x(0)(k) = (1 − ea)
[
x(0)(1) −

u

a

]
e−a(k−1) , (4)
a x(0)(k) "�4�z/ae k �2�� a ; u 6Fm/��$� n(n ≥ 4) �(1Z����_~>sD��e\/�%YZ6

Û =

(
â

û

)
= (ATA)−1ATY , (5)
a Y =




x(0)(2)

x(0)(3)
...

x(0)(n)




, A =




− 1
2 [x(1)(1) + x(1)(2)] 1

− 1
2 [x(1)(2) + x(1)(3)] 1

...
...

− 1
2 [x(1)(n − 1) + x(1)(n)] 1




, x(1) "�4�z/]�K�_�
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/�8�e p �e3(1Z�"�6
x̂(0)(n + p) = (1 − eâ)

[
x̂(0)(1) −

û

â

]
e−â(n+p−1) . (6)

3 IPi%\�6NUr�=Fm���n*-]Fm/�s/�n]j�g_jY
ZW\�=/�s/ (Q>a6-+�=Fmy��;/+�=FmY�a]r��hFm6T�Fm).`�% J hT�/1Fm�M=�=Fm��"�6 [11]





X̂(t) =
J∑

j=1

ωjX̂j(t)

J∑
j=1

ωj = 1

0 ≤ ω1, ω2, · · · , ωJ ≤ 1

(j = 1, 2, · · · , J ; t = 1, 2, · · · , T ) , (7)]a X̂(t) 6Ur�=s/� ωj 6e j h/1Fm]j� X̂j(t) 6e j hFm/1]s/� t 6/+jF]�������nj]��;9�+h]*-��=Fm��6{h���]a��j_j���6dT	���%��(1z/ X = {x(1), x(2), · · · , x(T )}, #e j hFmN\]R=z/6 X̂j , �\Z03z/ ej = X − X̂j , (��eCK�03z/]�3 σ2
j (j =

1, 2, · · · , J). j��3]W��&VZ J �jX;6 1 �M=�j_j��nj!
�"�6
ωj =

1

σ2
j

J∑
j=1

1
σ2

j

. (8)

4 Sbi%\�6N
4.1 Q`]0�%��$8]e3(1z/���<{�xzq/��|g- J hT�Fm�M=Ae k�x (k = 2, 3, · · ·)a�� (8)
*N\Z�=/�aT�Fm]j ωj(j = 1, 2, · · · , J),JH;]6jFj��\jFjX�

ω1 : ω2 : · · · : ωJ . (9)-��Ae k �xD@��\Z�#e k − 1 �x]��?�e j �Fm/�e k ���]�u[!���K�]�u[!% k− 1 ��#<��z/�"% J �z/�v/P��K J �z/\Z41�hj�JH;6~Mj�X�]jX�
p1 : p2 : · · · : pJ , (10)
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; (10) 
y�\X>�\
ω1p1 : ω2p2 : · · · : ωJpJ , (11)K"] ωipi �D@yjFj ωi ~MC]s/�;X6uRj��gjFj������xOR=G3j&]�+]��xG3>%'O�}~Mj�"P1i�xO/��u]�h[!�&VZ�=j]9�+h�5

ω1p1 + ω2p2 + · · · + ωJpJ = 1 , (12)D
ωjpj =

ωjpj

J∑
j=1

ωjpj

, (13)�JD@���� (13) 
�=e i + 1 �x]T�Fm/�s/�w j = 2, �\ {
ω1 : ω2 = α, p1 : p2 = β

ω1p1 = αβ
αβ+1 , ω2p2 = 1

αβ+1

. (14)

4.2 TE7�8�j&j]��%@{�tpÆI 2.1 qa]�Z���/�G3]P_�nn~Mj��Ae k �x���Y�Ce j hT�Fm/��uz/ ẽj (j = 1, 2, · · · , J), 
z/a�3 k− 1 �2��?�2�6X��x/�G3z/]
�� (RMS). (���g?�z/a�%2�Y�X;]W�6
T�Fm]jO��W\~Mj
pj =

1

ẽ2
j(k) + ẽ2

j(k − 1) + · · · + ẽ2
j(2)

, (15)
a ẽj(k) 6e j hT�Fm/�G3z/ae k − 1 �2��	[}�/�G3"r+jFG3"r%@Pf$�jFa?�(1ZsYp�[u/�]%Z�?�G3]P_�#jF+h	n]�}/�]G3�/�Z+M	(1Z]3�]P_N��`��JYp�� (15) 
�V�$g]/�G3oP���X_Q��=1?~Mj]T��z}�[-uRj�6u	K�B&����|�[4D�A k �x/� k + 1 �x�����?�z/a]?�2�Y��*��O���\���x k :|]2�]O�:P���a�gz/a2�Sz]W��vQ
	
pj =

1

ẽ2
j(k) + 1

2 ẽ2
j(k − 1) + · · · + 1

k−1 ẽ2
j(2)

. (16)4���q]����I�W]|gz/a2|]m(m ≤ k− 1) �2�/+Y�~Mj��g`O��O�`O���K�H C�~Mj]T�L�u�c]0�}e_yC��x~Mj]�[�y	)A�C]��A�(��1?a�H�
yjX�_�T`��%`c�\jFjO~Mj1PO1_}X_]uRjT�����$	eAjFj;~Mja�Pj;�_jX�*91 10.
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5 >1!D6-�VjF��]%`r�M http://igscb.jpl.nasa.gov/components/prods.html3G}Q@- 2009 T 1 ; 1 u (MJD 54832) ^ 2009 T 1 ; 7 u (MJD 54838) ] IGS �Ae3���Æ8ZJ`A, GPS ;je%� A �e�� A �e�� R �e;� R-M�e 4 ��?��S|g 1 ���J�>|g- 3 � 18 � 25 ; 31 9K 4 �;je3���	����? 2 h jF�K�/�8� 6 h ]e3��>Y�- 27 ��x���A?��xO�D@���$�~K{\
Fm;JxFm (GM(1,1), grey model) y]jF�\ZK 2 h O]R=Z�-�\Z-�=/1]jj�pClK�jj��Z8�
6 h ]/�a�V�x�P( 2 ��M=ypQ�] 6 h ����D@��N\ 4 h��]/1Z��$�~K{\
Fm�JxFm�Ur�=Fm (CM, combination model);uRUr�=Fm]/�s/�D@lpQ� 6 h ]	[(1��+�|��/1��Xe�\Z-/�03�g�/�03z/] RMS 6A+/��u]!s�. 1∼4�C- 4 �;je 3∼27 �x] RMS. 6-�(�ouRFm]rP��K 25 � RMS�<��z/�" 1 �C-uR`CK�z/]�u[!���
Z�U3�!s3;E��]aE�n�6uR`C
ZX3+uRC
ZX��M. 1∼4 ;" 1 a*N
C	

(1) y(K 25����4 h��/�s/s�%`] (�ea%�$�x~K{\
Fm/�`/�3), JxFm/�`/8(~K{\
Fm��e�/�r!(�e�
(2) +T�FmX��Ur�=FmPA�$��T�Fm/�s/�$�-/�]��r�41�Ur�=��h�1�=���W�=C]s/G3*P(T�/�Fm�P/�G3�%�44LCS!�=s/�W�=C]/�G3_(r�T�Fm/�G3�
(3) ��uR�=/�FmC���;j/�] RMS 
%CRe_�W�uCR$���P]E���OZ 128%. U3;!s3RpQm�W��xc] RMS ZX3*P�/�z/Y@r;snrCR$��
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/ 1 3 :=l1�H5
Fig. 1 Prediction errors of No.3 satellite

/ 2 18 :=l1�H5
Fig. 2 Prediction errors of No.18 satellite

/ 3 25 :=l1�H5
Fig. 3 Prediction errors of No.25 satellite
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/ 4 31 :=l1�H5
Fig. 4 Prediction errors of No.31 satellite� 1 Z
,�?(

Table 1 Statistics of prediction precision

CM Modified CM Gain

Satellite number Mean Standard deviation Range Mean Standard deviation Range

(ns) (ns) (ns) (ns) (ns) (ns) (%)

3 10.97 8.60 38.89 4.82 2.90 12.29 128

18 1.52 1.36 4.59 0.75 0.40 1.30 103

25 2.40 2.05 9.13 1.69 1.35 5.60 42

31 1.55 1.36 6.59 0.80 0.73 3.22 94

6 +2+T�e3/�FmX��Ur�=/�FmP@8c}=T�Fm]"g�VI�hFm/�s/*$ Z���=CtP\Z��s/�PP$�-/�]��r�y(e3Kh8z/�VAIb�xO�I�Fm/�s/8(]�Fm���.�uR]�=Fm�
Fm��=FmAe3/�a]�(F�ZP%`c$��O]R=hK�'PA�$��c]/��uhK�A�V��r]PF}�P
uc$��=/�]@nr;snr��J��>�$C]uRUr�=Fm�ye3]/��%�n]/ÆaZ;wf���cK �fxxz)> ��a��7=tB�%�C-YPj��� . A F
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ABSTRACT The atomic clock prediction plays an important role in time and frequency

community. Because the conventional prediction models have advantages and limitations,

the results of these models can be combined to synthesize the characteristics of various

kinds of models. The combination model (CM) is constructed to predict the atomic clock.

Actually, the results of CM are the weight averages of the results of single models. Con-

sidering the problem occurring in long clock time series when using CM, learning weight is

put forward to modify this model. Therefore, the weights of single models are relative to

learning weight in the modified CM. To demonstrate the efficiency of this proposed method,

the clock data of 4 GPS satellites are chosen and CM is used to combine the results from

the quadratic polynomial model and grey model. The result shows that the reliability is

improved when CM is adopted. In comparison with CM, the modified CM can remarkably

improve the stability and precision of the atomic clock prediction.

Key words time, methods: data analysis


