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Fig. 1. Allan deviation curves of cesium atomic clock and

hydrogen atomic clock.
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Fig. 2. Control structure diagram of domestic clock.
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Fig. 3. Comparison of control synchronization time with dif-

ferent Wyx values.
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Fig. 4. Control measurements of different Wgr values after

synchronization.
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Fig. 5. Stability of the controlled domestic clock with differ-

ent values of the constrained matrix Wxg .
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Fig. 6. Stability of control measurement with different val-

ues of the constrained matrix Wg .
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Table 2. Three times standard deviation of differ-

ent control intervals after synchronization.
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Fig. 9. Stability of the domestic clock based on different

control intervals.
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Fig. 10. Stability of control measurements based on differ-

ent control intervals.
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# 3 AMIBAT Cs3050 SEBUF Cs3050 AHXS T UTCr MAT5E E B
Table 3.  Frequency stability of free running Cs3050 and controlled Cs3050 relative to UTCr.

HOREE] R /d
10 30 40
AllandfiZ2 1.85%10 1 2.16x10 1 2.10%10 14 2.50%10 14
(Cs3050)
Allanfji 2 1.24%10 9.17x10 16 8.86x10 19 6.73%10 16

(1] Cs3050)

F 4 AMIBAT Cs3050 HIXI T UTCr AR ER
Table 4.  Frequency drift of free-running Cs3050 with respect to UTCr.

A (MJID) 59978—60007
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60038—60067 60068—60097 60098—60127

BRIERS [ (ns-d 1) 0.1938 -0.0236

0.0446 -0.2062 0.1859

A (MJID) 60128—60157

60158—60187

60188—60217 60218—60247 60248—60277

BRIERS [ (ns-d 1) -0.0374 -0.1158

0.3041 0.0457 0.1263

F 5 PRI Cs3050 AHXT T UTCr MMIAERS
Table 5. Frequency drift of controlled Cs3050 relative to UTCr.
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AR / (ns-d ) 0.0050 0.0010 -0.0131 0.0031 0.0016
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BRI/ (ns-d 1) ~0.0088 0.0082 0.0143 -0.0029 -0.0003
P22 B3 /T H iz 7 B Allan {22, 349
P S AR BB, AU A AR 1R 4 &% %

FERP RIS E .

fili ] = ph RIS, 20l UTCr
S AT E A AOBUR BRI H s TRy
FERRRARIEARS . TR 30 d, Frift s RE3E
3 10 A JEI, e 2o B o SRR 07 e 22 X
WAL E AR RS, T4 RN 4 Fik 5
3. 3 4 Fon A st - ReRER, & 5
Fon il E e R R IR 4 53R 5, 1
] FEL = B A AR AL AR T A s AT [l P B 2
I, BEIAAR SR IEAT AR T [ =P AR RS

10—13
______ T NI
10-14 -~ ¢ o
5 e SN
< N S
10-15 F *L““%~_*\*
& Cs3050
-k ZIUECs3050
107450 100 10%
7/d

K12 AMIETT Cs3050 5 HUR Cs3050 XS T UTCr 1Y
Fig. 12. Frequency stability of free running Cs3050 and con-
trolled Cs3050 relatived to UTCr.
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Abstract

Frequency control of atomic clock is a key technology in time keeping operation. At present, the open-loop
control algorithm is mainly used for the frequency control of foreign microwave clock, but the working principle
and performance of domestic optically pumped small cesium clock (hereinafter referred to as domestic clock) are
different from those of foreign atomic clock of the same type, so the algorithm cannot be well adapted to
domestic clock. In order to improve the autonomy and security of the national standard time, based on the
noise characteristics of domestic clock, in this work, the linear quadratic Gaussian control algorithm is studied
in the framework of optimal control theory. This algorithm belongs to closed-loop control algorithm. The
performance of domestic clock is studied from the aspects of synchronization time, frequency control accuracy
and frequency control stability. Finally, the influence of different control intervals on the performance of
domestic clock is analyzed. The results show that with the increase of the constraint matrix Wr in the
quadratic loss function, the synchronization time increases, the control accuracy decreases, and the control
short-term stability increases. When Wz is the same, with the increase of control interval, the synchronization
time increases, the control accuracy decreases, and the control short-term stability increases. When Wr =1, the
synchronization time with control interval of 1 h is 5 h, the control accuracy is 1.83 ns, and the Allan deviation
of 1 hour is 1.81x107!3, When the control interval is 8 h, the synchronization time is 28 h, the control accuracy
is 4.48 ns, and the Allan deviation of 1 h is 1.48x10'3. The medium-term stability and long-term stability of

domestic optically pumped small cesium clock are both improved.
Keywords: atomic clock state model, linear quadratic Gaussian control, Kalman filter, atomic clock noise
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