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Fig.1 The algorithm flow of the comprehensive time scale of OX+4V-C hydrogen masers and cesium atomic clocks
Note: Hm in the figure represents the hydrogen master, TA-DH represents the time scale of the hydrogen clock generated

after dynamically estimating the frequency drift parameters, IWAM represents the improved weighted average method, IEFM

represents the improved quadratic smoothing method, SFO represents the optimal smoothing factor, TA represents timescale,

and TA-HCs represents the comprehensive time scale of hydrogen maser and cesium atomic clock.
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Fig.2 Improved quadratic exponential smoothing time scale

and quadratic exponential smoothing time scale
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Table 1 The Allan deviation (ADEV) of

improved quadratic exponential smoothing time

scale and quadratic exponential smoothing time

scale
ADEV
Averaging time/ns
TA-H TA-DH
3.60 x 102 1.30 x 1071 1.29 x 1074
7.20 x 102 754 x 10715 6.67 x 10710
1.44 x 10* 3.50 x 1071  3.38 x 10715
2.88 x 103 3.82x 107 375 %x107%°
5.76 x 103 6.90 x 1071  6.90 x 10715
1.15 x 10* 9.96 x 1071  9.67 x 107%°
2.30 x 10'* 9.60 x 107 9.46 x 107
4.61 x 10 7.08x 10715 6.87 x 1071°
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Fig.3 The comprehensive time scale of hydrogen masers and

cesium atomic clocks and time scale of all cesium clocks
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Fig.4 Time scale residual distribution of hydrogen maser

and cesium atomic clock and all cesium clock
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OX+V-C methods

4 2
A 303 TAR A B9 = A6 30T I RIV-CF 3 7

0, L FHT ) ST I AR DRl i R R R AR A
B, g o A 2 e R RO I 5 UME R s a4
NP R R Lol N O T T T o= o T
Hopp 7R (0] R E 025 4. SRt BRM, A
B 7 i AE R SR A I T R L hAR e FEIA1.60 X
10715, REEREIE3.0 x 10715, #ALGOS. AT1
FIK almaniiE % 3R 4% 8t 77 v 11 5 1) 47 4 i 1) RO
KA IR Rt m, B8 T IHACR, IER T
AT T I A R

103 ‘
—=—ALGOS
>
I-IDJ 10724
<
-15 ‘ ‘
10 1012 1013 101 1015

Averaging time/ns

B 6 ALGOS. AT1. KalmanfOX+V-CHE 7L & A R
R4 s 22 e 34 P

Fig.6 The trend of Allan deviation of comprehensive time
scale of ALGOS, AT1, Kalman, and OX+V-C methods
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Table 2 The stability indicator of comprehensive time scale for ALGOS, AT1, Kalman, and OX+4V-C

methods
ADEV
Averaging time/ns

ALGOS AT1 Kalman OX+V-C
3.60 x 102 522x 107" 1.10x 107 231x107 1.60 x 10715
7.20 x 102 3.76 x 1071 558 x 107 1.73x107* 1.39x10°%°
1.44 x 10*3 277x 107 3.290%x107'° 865x 107 214 x 1071
2.88 x 1013 1.83x 107 335x 107" 6.34x107'° 239x107%°
5.76 x 103 1.11 x 107'*  4.08 x 1071%  7.61x 107 3.03 x 1071®
1.15 x 10™ 4.03x 1071 449x 10715 4.33x107 346 x 10715
2.30 x 10 3.32x 1071 355%x 1071 347 x107* 3.09x 10°*°
4.61 x 10** 3.73x 107 4.06 x 107'° 4.03x 107 240 x 107'°
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Table 3 The stability indicator of comprehensive time scale of TA1, TA2, TA-EF-VC and OX+V-C

Averaging time/ns ADEV
TA1 TA2 TA-EF-VC OX+V-C

3.60 x 10*? 843 x 107" 4.32x 107 3.31x 107" 1.60x107'°

7.20 x 102 6.38 x 107 358 x 107 233 x 107" 1.39x107'°

1.44 x 10*3 293x 107 223x107** 6.72x 107" 214 x 107

2.88 x 10" 236 x 107" 1.95x 107 523 x 107" 239 x1071°

5.76 x 10 1.92x 107 1.06 x 107 884 x 107" 3.03x 107"

1.15 x 10'* 1.32x 107" 9.89 x 107" 562 x107'° 3.46 x 107%°

2.30 x 10 9.37 x 107 7.35x 1071 448 x 107 3.09 x 107 *°

4.61 x 10* 6.64 x 107 543 x107% 329%x107'% 240x107*°
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A New Method of Comprehensive Time Scale for Time-keeping
Atomic Clock

JIANG Meng!?3

(1 College of Mechanical Engineering, Xi’an University of Science and Technology, Xi’an 710054)
(2 School of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048)
(8 Zhejiang Weiying Intelligent Technology Company Limited, Zhuji 811800)

AssTtracT A comprehensive time scale calculation method for hydrogen maser and cesium atomic clock
based on the improved exponential filtering and Vondrak_Cepek joint smoothing method is proposed. It is
based on the minimum error method, which dynamically estimates the frequency drift parameters of the
hydrogen maser and improves the accuracy of predicting the clock bias of the hydrogen atomic clock; With
the method of improved quadratic exponential smoothing, the hydrogen masers time scale is generated,
and the weighted average method is used to generate the cesium atomic clocks’ time scale. At the same
time, the Vondrak _Cepek filter is designed to combine the long-term and short-term stability advantages
of the two types of time scales to improve the comprehensive time scale performance. Experimental results
show that the proposed method produces hydrogen cesium with a comprehensive time scale stability of
up to 1.60 x 107 h™!, stable up to 3 x107'° d=!, outperforming the time-scale performance generated
by three classic methods: ALGOS, AT1, and Kalman filtering.

Key words time scale, clock difference prediction, dynamic estimation, stability
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