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2.1 -� Kalman Y0�lF℄�7�:6&2�:�!N

Xk = Hk,k−1Xk−1 + W k , (1)

Lk = AkXk + ek , (2)��Xk N�7u.�Hk,k−1 N�7�*�r� Lk N&2u.� Ak N�X�r�
W k 6 ek ��zN4g|�4�r�!N ∑

W k
6 ∑

k ℄qBt&℄t7g���7u. Xk ℄"℄#z�+AmD'!hI��
p [10−11].
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{
1 |∆Ṽk| ≤ c ,

e−(|∆Ṽk|−c) |∆Ṽk| > c .
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(1) AFX. (10) �!h℄��75�Æ"=���K�b4:s�
(2) 
��75�X/fR�'�"A&2�gX/�4K�℄N�z�T&2.' ��uO,��4N�K�b4:s�
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3 kWArr9V1nQ6���%℄
h���ym 3 �/#�/# 1: + IGS �46\�2%N/#�I http://igscb.jpl.nasa.gov/components/

prods.html. Kk~m0 2009 R 1 \ 1 v (MJD54832) IGS |CT��4%��
%�N 24 h &2�2��dd�� 5 min,  B 288 �!���W2P�n0 17 � 18 � 266 31 5p 4 ÆT��4%��p 4 ÆT��4%�d MJD54832 pA'Kd[�6p[�%��)�4�2�m℄Y�/# 2: +/# 1 �%�NMC�df 250 !QS+>`zp[N 10 ns ℄�5�=EKQT��d_	.:�Slq>℄h��dT�V1�N0�=6Æ�k�dE)�7KYG�w��lqh��/# 3: �n 2011 R 7 \ (MJD55743 ∼ 55773)�*��X*^������
��℄Æ��5�̀ dwÆ�z	0yHlY�=+O=�d>u℄�uYn��Æ�l'�
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ns (k N�d
��Q>�*^����3}N NTSC). 5G
�l℄Æ�_	,%wE#����dB�	Nz�W℄/1 [12−13]. N0�E�m�/#�\B�!+=��
Kalman 9$6MEN�/4℄��7 Kalman 9$,�/}w�W��℄ 3 �/#z	�m�D7d_a Kalman 9$�}℄Bz����9$r,HT�&2�w>℄
RMS.  1 ��0/# 1 6/# 2 ℄q7 RMS, d 1 6 2 ��� Kalman 9$= S ����7 Kalman 9$= A  ��N0?��pTBp[�5Kd��,�9$�}℄�+.u6,%���℄44� 2 ��0p[e>� 10 �!Q,�9$r,HT�&2m4�G 1 ��0Æ�,�9$r,HT�&2�m>℄ RMS, + d NRQ�/ 1 jV 1 HjV 2 X
Z1OF��eE7,MI= RMS (;n	 ns)

Table 1 RMS’s of the two filter models compared with original observations in

example 1 and example 2 (unit: ns)

Clock number Example 1 Example 2

S A S A

17 0.0344 0.0307 0.1210 0.1008

18 0.0824 0.0695 0.1422 0.1185

26 0.0786 0.0662 0.1399 0.1166

31 0.0412 0.0362 0.1232 0.1028/ 2 N�_IC 10 BU�X
Z1OF��eE7M9 (;n	 ns)

Table 2 RMS’s of the two filter models compared with original observations

before and after the jump in example 2 (unit: ns)

Epoch Satellite No.17 Satellite No.18 Satellite No.26 Satellite No.31

S A S A S A S A

240 0.0094 0.0093 0.0232 0.0221 0.0370 0.0366 0.0026 0.0026

241 0.0087 0.0086 -0.0203 -0.0205 -0.0111 -0.0116 -0.0192 -0.0191

242 0.0084 0.0083 0.0292 0.0291 0.0181 0.0177 0.0153 0.0154

243 -0.0301 -0.0302 -0.0576 -0.0480 0.0043 0.0039 0.0026 0.0027

244 -0.0371 -0.0372 0.0607 0.0535 0.0016 0.0011 0.0195 0.0195

245 0.0770 0.0640 0.0060 0.0046 -0.0373 -0.0378 0.0225 0.0226

246 -0.0171 -0.0203 0.0338 0.0335 0.0132 0.0127 -0.0347 -0.0346

247 -0.0542 -0.0457 -0.0765 -0.0638 0.0035 0.0030 0.0316 0.0316

248 -0.0031 -0.0016 0.0184 0.0213 -0.0176 -0.0181 0.0056 0.0057

249 0.0067 0.0070 -0.0213 -0.0208 -0.0406 -0.0408 0.0006 0.0007

250 1.9072 1.5867 1.9115 1.5904 1.9116 1.5916 1.9207 1.5980

251 0.3688 0.2622 0.3217 0.2217 0.3447 0.2414 0.3284 0.2273

252 0.0499 0.0299 0.1087 0.0764 0.0206 0.0002 0.0573 0.0387

253 -0.0120 -0.0160 -0.0488 -0.0473 -0.0036 -0.0079 0.0046 0.0010

254 -0.0239 -0.0247 -0.0403 -0.0410 -0.0659 -0.0558 -0.0633 -0.0532
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Table 2 (continued)

Epoch Satellite No.17 Satellite No.18 Satellite No.26 Satellite No.31

S A S A S A S A

255 -0.0452 -0.0415 -0.0575 -0.0481 -0.0772 -0.0647 -0.0373 -0.0363

256 -0.0298 -0.0295 -0.0411 -0.0404 -0.0786 -0.0655 -0.0127 -0.0125

257 -0.0266 -0.0266 0.0008 0.0009 -0.0397 -0.0386 -0.0463 -0.0411

258 -0.0258 -0.0259 -0.0682 -0.0567 -0.0128 -0.0129 -0.0139 -0.0131

259 -0.0831 -0.0692 -0.0039 -0.0018 -0.0268 -0.0271 -0.0460 -0.0414

260 -0.0549 -0.0447 -0.0878 0.0728 -0.0293 -0.0297 -0.0325 -0.0321

H 1 1% 3 -�;&t-IV�'3�o�_ RMS

Fig. 1 RMS’s of the two filter models compared with original observations in example 3� 1 � 2 6G 1 �x�
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Real-time Solving Atomic Clock Operation Parameters
Based on Adaptive Kalman Filter
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ABSTRACT Accurately grasping the real-time operation situation of atomic clocks is of

important significance in the working range of satellite navigation and keeping time. The

adaptive Kalman filter based on the residual forecast model is proposed in order to solve the

problem arisen in the process of real-time solving atomic clock operation parameters with

the standard Kalman filter. In this model, an adaptive factor is constructed to resist model

error on the basis of the standard Kalman filter. Therefore, the atomic clock parameters

can be obtained reliably and rapidly after the frequency or phase adjustments which often

happen in the satellite navigation and keeping time community. Finally, the examples for

both numerical simulation and a real-life situation are presented, and the results are ana-

lyzed in detail to demonstrate the efficiency of the proposed method.

Key words time, methods: data analysis


