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Fig. 1. The corrected time deviations of modeling AHM1
based on two algorithms: (a) The corrected time devi-
ations of modelling AHM1 based on Kalman filter al-
gorithm; (b) the corrected time deviations of modelling
AHM]1 based on modified Kalman filter algorithm.
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fH; (b) & F kit Kalman 8 3 53 2 A 800 9 AHM2 /) B[]
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Fig. 2. The corrected time deviations of modelling
AHM?2 based on two algorithms: (a) The corrected time
deviations of modelling AHM2 based on Kalman filter al-
gorithm; (b) the corrected time deviations of modelling
AHM2 based on modified Kalman filter algorithm.

12
— KF scale
10 + —— R-KF scale /
8|
6|

W RE /109 s

0 500 1000 1500 2000 2500 3000
i) /300 s

K3 ET PR Kalman 38 805k 6 I [R] R

Fig. 3. Time scale based on two Kalman filter algorithms.
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T HEZPMEIZ (overlapping Allan devia-
tion) Zr M4 R A50E B, AP Kalman 38 3 5834 19
i [A] RUBE i B PRl 22 AN 18] 4 536 1 B3, b
5 HAH T 20 i Kalman 38 3% 809k, 5T ol
Kalman ¥ I 51545 2] A9 B o] RUBE K BARR e B2 4
=, IR E A TR, AR, X Kalman
PEIR I P 7 22 R R | 38 R, P T MRS
5if 55 AR AT B TE) RUBE B2 i), RRAIC T 93, 4 T
KRS e B, (LR 4V 2 e 5 A A fi 22 B3O E
LA RS BE, R MIRZMm 1 s ] ROBE AR R RS e

1012
-3- KF scale
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e}
]
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210718 ¢ E\:g
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O
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Allan i 22

Fig. 4. The overlapping Allan deviation of time scale based

on two Kalman filter algorithms.

F 1 BT PR Kalman 183 505 i AR Y
HE Allan 22

Table 1. The overlapping Allan deviations of time
scale based on two Kalman filter algorithms.

BURERTR] /10%

KF scale/10 *  R-KF scale/10 4

3 9.85 13.80
6 6.73 8.75
12 4.38 5.20
30 2.50 2.70
60 1.76 1.85
120 1.22 1.24
300 0.85 0.73
600 0.88 0.57
1200 0.89 0.63

5.2 SLillEE

ANEFARGUBPRE B, TP S bl i il
€ SCHY Kalman J§ 5 ] ROBE AR AY. LLan,
ANBERHE B TP S, R AT AR ) BT el
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Z IR Bl 22 5l ST AR T2 h alut (] N
ph 2 gt ik, HAEiE A5 %) Kalman 3§
et TE] RUBE 5 ph 2 B 5 T Bl A b 2 . D e
FIMBAERY Kalman 1 AU #3153 200

N

ho (6) = g (6) = > wi (R (8) =y (1)

= Z w; [w45(t) + Zi(t)], (25)

A, ko (1) TR t B Z) Kalman 38 3 i 18] )R
hy ()2 ¢ B Z0 T 5 TR Ry (t) Fm U Sh,
A FA D (1) = ho(t) — i (1), ho(t) R ¢ I 2] 2
TR AL w0, RN i G IR TR y;(t) R
Nt B2 S 2 (A,

R TR I W AR A T AE A 1R 22 i ek
Kalman J§ i I 18] RS2 9 MERE, BERLIE S
BleFBE FE K B0 (national time service center,
NTSC) B AESL R = 1) 5 & FF4h, 78 FE PR
T} (international atomic time, TAT) 75 H [
%5 3 W) HM4926, HM4967, HM0296, Cs3436
A1 Cs2098. $h 2 UTC(NTSC)-Clock(i) A F T it
[ ROBE THE A R =X, B4 B 2 MJID58484
—MJD58726.96 (201941 41 HOW—8 A 31 H
23 B, BHERAERIRE A 1 h, B BEARYEES 4 75
R EINE 7 A TS AR A R, I B KA R
0.3, LA 2 s, 153 HM4926 5 HM4967
B e KA Ry 0.3, BEHTX 2 & &R+ 8h iy a] il
MPEREAE T HAY 3 B IR T4, Cs2098 HUi fe /MY
H0.07, FHAAXS TR Al b HARJFEF4h, HonT wm
PEREAIL.

#2  FETHARCHLE

Table 2.  Relative weights of atomic clocks.

T89S HMA4926 HM4967 HMO0296 Cs3436 Cs2098
AT AL R 0.30 0.30 0.14 0.19  0.07

TIF 0 J5E - B MR 7 i B8 A T 7 1% 25 B 0
Kalman 8% i 7] ]ROBE SRk MEfE. B ALIAC AR i+
PR MAFS SR EE . AN 3 g, el Al SRl i e
SREE, 2 13 i B ) R A BE AL T A MR R
BLIEE M P 3R B2 0. 9 | 2 T2 8 Kalman 3%
s ) RO 3092 AN el 7F Kalman 358 38 580 16 1550 s (7]
RE, HEL45R S UTC (NTSC) BEf7 &, dniE 5
JR. FET2 M Kalman 8 525 1 B[] RUBE B &

i 25 UTC (NTSC), 1fi 2 T ik Kalman 3§ 5
B E R E R S UTC (NTSC) —%. £ 4 4
T 3E A PR Kalman Y8 I8 537245 3] 14 B ) RO
5 UTC (NTSC) myfe K Im 216, Fe/Mi 2518657
P 24, A T4 8 Kalman JEIE ¥, LT
#t Kalman JE I Bk A2 g9t R E S UTC
(NTSC) #HEb, Fe KA 2 EFEK T 3.25 ns, fe/IMi
Z(HMGH T 0.48 ns, P RZEENGHE T 0.51 ns,
Pk T T) RUBE AR

3 TR R

Table 3.  Noise intensity of atomic clocks.

™ ;ﬂr‘ Grwrn/ 107 [s2/5] qorwrn/ 1070 [s7/8%] gspwrn/[s%/57]

HM4926 4.64 4.99 4.27 x 1060
HM4967 5.88 4.60 3.87 x 10°%
HM0296 2.01 4.10 6.80 x 104
Cs3436 26.90 0 0
Cs2098 5.43 0 0
5
4+ --- KF scale ',Mi"\
--- R-KF scale i/ ‘|\‘
3l iy /'\
i W
2t / "
g ¥ \
A
g oA ‘
3 AT
?é of AR -
=. \ L
b a-’ﬂ\. v
—2r w‘& J W
v/
-3 12
4 . . . . . .
58695 58705 58715 58725
MJD/d

5 JETF WP Kalman 38 % 5572 A4 i ] ] B

Fig. 5. Time scales based on two Kalman filter algorithms.

%4 FETWHF Kalman JEIRAES A
Table 4.  Statistical values based on two Kalman

filter algorithms.
PN e/ ME R FE5 i

s #{d /ns Z1{H /ns #{d /ns
KF scale 4.36 -3.13 0.98
R-KF scale 1.11 -2.65 -0.47

BT S AT g 2 A7k 3T st Ti) RUBE 8 A0 R A
B, A3 B HE LT PR Kalman B85 2549 3] it
) )R R B e BT M 2. DR 2R 4 b D T4 A SR A
BRI 1 b, PR O 2 AT 22 119 B /N 3 e ) 4,
1 h, HRERIE 6 53 5 Fr8. M T4
Kalman JEJ AL, 2T o Kalman S8 B LH
FI e R 7 AR 7 - e 1)y B BT 48 i 2 5 i o
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Fig. 6. Time scale stabilities based on two Kalman filter al-

gorithms.

F 5 JETHIRN Kalman 18555 09 ] RS B4 5 B
(SR
Table 5.  The overlapping Allan deviations of time scale

based on two Kalman filter algorithms.

Sample time/103 s KF scale/10 !4 R-KF scale/10 4

3.60 1.94 1.64
7.20 1.34 117
14.40 1.03 0.92
36.00 0.92 0.85
72.00 0.74 0.69
144.00 0.53 0.51
360.00 0.27 0.25
JEL TP P SR BE A T AR AR TR 22 I, T 22 i
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3 R PR, ST o) St g P i 72 A 5
PR B TR ZE G | PR SAG TS, $em TR a]
FUBE R HERR EE, PRE 1 B a) ROBE i AR e B (]
Ao 25 A AR i AT, SICS 4 il st e i B AR AL 5 | A
B IR ASAL T B R 52 e T[] RUBE Y
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Abstract

Kalman filter time scale algorithm is a method of real-time estimating atomic clock state. It is of great
practical value in the time-keeping work. Reliable Kalman filter time scale algorithm requires a reliable atomic
clock state model, a random model and a reasonable estimation method. However, it is difficult to construct
accurate state model when the noises of atomic clock change. The random model is generally based on the prior
statistical information about atomic clock noises, and the prior statistical information may be distorted. In the
process of time scale calculation, the noises of atomic clocks need estimating in the Kalman filter time scale
algorithm, which is quantified according to the intensity of the noise. With the change of the external
environment or aging of atomic clock, the noise intensity may change, resulting in the disturbance of atomic
clock state estimation in the Kalman filter time scale algorithm, which further affects the accuracy and stability
of the time scale. On the other hand, the error of the noise intensity estimation of atomic clocks will also affect
the performance of time scale. Therefore, it is necessary to control the disturbance caused by the variation of
noise intensity or the estimation error of noise intensity. In this regard, an adaptive factor is introduced to
improve the Kalman filter time scale algorithm, and another adaptive factor is introduced into the state
prediction covariance matrix in Kalman filter time scale algorithm. And the values of the two adaptive factors
are calculated in real time by using statistics to control the growth of the state prediction covariance. The
disturbance of state estimation of atomic clock is reduced, and the accuracy and stability of time scale are
improved. In this paper, the sampling interval of simulated data and the measured data are 300 s and 3600 s
respectively. The simulated data and measured data are used to calculate the overlapping Allan deviations of
the time scale. The results show that the improved Kalman filter time scale algorithm can improve the stability
of the sampling time more than 14400 s compared with classical Kalman filter time scale algorithm, and affect
the stability of the sampling time less than 14400 s. The degree of influence is related to the weight algorithm of
atomic clock. The measured data in this paper are treated by the “predictability” weighting algorithm, which
guarantees the long-term stability of time scale. So the simulated data and measured data show that compared
with classical Kalman filter time scale algorithm, the improved Kalman filter clock time scale algorithm can
improve the accuracy and the long-term stability of time scale.

Keywords: atomic clock noises, Kalman filter, adaptive factor, time scale
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