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Table 1 The performance indicators of four active hydrogen masers

Type Averaging Hydrogen maser Hydrogen maser Hydrogen maser Hydrogen maser
time/s H1 H2 H3 H4
1 1.5 x 10713 1.6 x 10713 1.0 x 10713 9.0 x 107
10 2.5 x 107 1.8 x 1074 2.5 x 107 2.5 x 107
F
reqﬁncy 100 6.0 x 1015 45 % 10718 7.5 % 10~ 15 6.5 x 101
stability
(Allan Deviation) 1000 2.0 x 107*° 1.5 x 10715 2.0 x 10717 1.0 x 10715
10000 1.5 x 10718 4.5 x 10716 8.5 x 10716 9.5 x 10716
86400 7.0 x 10716 4.0 x 10716 7.0 x 10716 6.5 x 10716
F
re?ency - ~11x10°13 5.4 x 10~ 41 x 10713 74 %10
offset
Linear
frequency - 4% 10716 6 x 10716 3.5 x 1071¢ —7.0x 10716
drift/d

e 7 A BTHLR R S 55, B0 A [ 1 g
FE R 2] A L PR i 2R 1, anfE L TR, R
i 4 AR A PP HLI A2 [ e 75 (White Frequency
Noise, WFM), 2Lt [5 [l il £ A3 S B H1H A A7
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1 75 (White Phase Noise, WPM), #gfa s IR
L R A BPHL A 2R [N BRI 75 (Flicker Frequency
Noise, FFM), 1fii 2 4115 it 26 AR S e H1KBE AL
WA # M  (Random Walk Frequency Noise, R-
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Table 2 The noise parameters of four active hydrogen masers

Stochastic Hydrogen maser Hydrogen maser Hydrogen maser Hydrogen maser
component H1 H2 H3 H4
WPM 1.5 x 10713 1.6 x 10713 1.0 x 10713 9.0 x 10~
WFM 6.0 x 1071 4.5 x 107 7.5 x 107 6.5 x 107
FFM 6.0 x 10716 4.0 x 1071¢ 5.0 x 10716 6.5 x 1071¢
RWFM 1.70 x 1078 9.6 x 107%° 1.45 x 10718 1.56 x 10718
Deterministi
CLEIIIIMSHE 1 13 x 10713 54 %1071 41 % 10713 74x 1071
component
Linear frequency 4x 10716 6x 1016 3.5 % 10716 7% 10716

drift/d

2.2 i

S BIPM M il 3 A (26 [E [E X br ke 5 1H BT
5T Bt (National Institute of Standards and Technol-
ogy, NIST)HJ e oh Pk EF5 bx: R A€ 3.1
10716 (7 /s) =12, Sl JUF- AT S e RSB R 5L RS ),
HoprRE T FInfH), sRR B 7. FIHZX A,
BRI BE AR AR HEAT BN, B ' B S NIST '
(RIRe R B X LA 00 I 2B 7w B4
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Fig.2 Comparison results of frequency stability between

simulated optical clock and NIST optical clock
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hydrogen maser, cesium fountain clock and optical clock
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Fig.4 Block diagram for the time scale implementation combining hydrogen masers and an optical clock
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Re A MHRMHER, RZHIGOLT, e piEiT %
R, A B A) R TA 5 UTCH fe K 40 %) i 22 i
N, BT RN, 2 A I8 AT HIE AT KA N100%,
1564 B 1R R TA 5 UTCR R 4 X i 22 75180 d A
W, PREFIEL0.1 ns, 7R M0.022 ns. T 24680 1)
BATHN0.6%, BA I R ETASUTCH 5Ok 4
X ZE(E180 ALA A, tHEELRFFAEL0.6 ns, ¥ TTHAN
0.31 ns. RUMESEEP IE 1T RAUN0.6%, B 51HH
(PR [R] R BE P Rt B B AR T Al S 2 51 R T
B RETAg.

= 3 ZMETERE (Scenario 1-5) B REELEL

Table 3 Performance comparison of multiple time scales (Scenarios 1-5)

Maximum absolute time

Scenario  Optical clock uptime ratio Time scale differences between Root Mean Square
TA and UTC

1 100% TAsum 0.1 ns 0.022 ns
4.17% TA11/14 0.4 ns 0.17 ns

2 1.39% TA11/34 0.5 ns 0.19 ns
0.6% TA11/74 0.6 ns 0.31 ns

TAgn/14 0.5 ns 0.12 ns

3 25% TA1sn/34 0.4 ns 0.10 ns
TA4on /74 0.5 ns 0.14 ns

TA12n/14 0.42 ns 0.10 ns

4 50% TA36n/34 0.45 ns 0.10 ns
TAgyn/7d 0.54 ns 0.12 ns

TA1sh/1a 0.42 ns 0.10 ns

5 75% TAs4n/34 0.42 ns 0.10 ns
TA126n/7d 0.45 ns 0.10 ns

4.2 FIHIFR B

F| Fl Vondrak-Cepek 2l A € 3 512, AR 4 68
(56 T, 58 519) S UTCH) A 2 £
P UL S S i TR R TA S UTCRIR ZE 508, £t
BN AR 5, 43 A HOR BN S 5 iE B
G TR FETARIVERE, FE0T IR AR % BLREAT 73 #7 L

27-8

Yyseerh, B RBEHLN BUZAT1 WAt 2 5 i
) ROBETHARE, 7= A BB A B ) ROBEIE N TA 11 14 (o)
B3 AR LI BUZ AT WG Bl 2 5 I (8] ROBETH 5,
FEAE G I AL R BEIC A TA 1 3a (o5 BT ABEHLES
BOgAT L hit e 2 S ) RBETHE, P AR G iy



65 & BRASLLAE: St 5 A BRI G A E] R W IT 3 34

) A N TA 1 j7a (o). X 3T 07 AR R BRF ] JEE
LT UTC, H e K4axt i 22 R FFFE 0.7 nsBA P,
WES (a) .

Wy s, R BE ML B 2218 176 hit) 6 B
Z 5 i ) ROEE O B, AR 0BG A R TR R
NTAeh/1a (vy; B3 dBE HL I B 28 18 1718 hi) )l
B2 5wl R R TR, AR B BEA BE A ROBE i
NTA 18n/3a (r); BET ABEHL I B 28218 17420 Ok
B 2 5wl R R TR, AR B EBRA BE A) ROEE i
NTAgon7a (ry- X3P AR L 77 A (1) I 18] RBE AH L
FUTC, H & K40 %2 AR FEEEL0.5 nsLL Y, 0
K8 (b) R,

Iy 58, A OK B LI B 2R 38 17120 Ot
B 2 5 )R] RETHE, 77 AR IR A I R RS id
NTA 19014 (vy; B3 ABEHL I B & 45 12 1736 i) O

Scenario 6

UTC-TA/ns

TA

TAlh/ld(r) - TAlh/Sd(r)

1h/7d(r)

0 20 40 60 80 100 120 140 160 180
Time/d

Scenario 8

©

UTC-TA/ns
o
o (6]

TAth/ldm TA3Ghl3d(r) TA84h/7d(r)
. . . . . I

0 20 40 60 80 100 120 140 160
Time/d

B2 5w (A REEUF 5, 7 A BB A i ) ROEE id
NTAs6n/34 (r); BET AP AL B i 2542 1784 hit) o'
B2 5wl A REEUF 5, 7 A BB A i ) RO id
NTAsan7a (). X3P BL 77 AR (R I IR) R 3 A LG
TUTC, s K40 i 72 R 77 ££+0.54 ns A, 20
K8 (c) .

Wy 509, B K B AL BOE 2212 1T18 hi Ol
B 2 5 i) ) ROFETHE, 77 AR B BE A I TR ROBE id
NTAq8h /14 (ry; BE3 ABEHL I Bt & 48 12 1754 hif) O
B 2 5 i) ) ROFETHE, 77 AR B BE A I TR ROBE id
NTAs4n 34 (vy; BET ABEAL I B 2532 17126 hi) O
B 2 5 i) ) ROFETHE, 77 AR B BE A I TR ROBE id
NTA 56074 (r). X 3ME BL 7™ A2 1 B 1) ROEE AH EE
TUTC, s KA i 22 R FFAE+0.45 nsEA Y,
K18 (d)FR.

Scenario 7

UTC-TA/ns

18m3d) —— Paznac)

—TA TA

eh/id(r) T

0 20 40 60 80 100 120 140 160 180

Time/d
1 Scenario 9
(d)

05f -
2]
£
< WWW
=0 1
)
'_
)

05+

_TAlahlld(r) _TA54h/3d(r) _TA126h/7d(r)

1 . . .
0 20 40 60 80 100 120 140 160 180

Time/d

K8 E6-9FIHH M R ETASUTCH LR

Fig.8 Comparison between time scale TA with UTC for Scenarios 6-9
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Table 4 Performance comparison of multiple time scales (Scenarios 6—9)

Maximum absolute time

Scenario  Optical clock uptime ratio  Time scale differences between Root Mean Square
TA and UTC

4.17% TA1n/14 () 0.45 ns 0.10 ns

6 1.39% TA1n/3d (1) 0.5 ns 0.10 ns
0.6% TA11/74 (1) 0.7 ns 0.20 ns

TAgn/14d (1) 0.35 ns 0.10 ns

7 25% TA18n/34 (1) 0.3 ns 0.10 ns
TA4on/7d () 0.5 ns 0.18 ns

TA19n/14 () 0.4 ns 0.10 ns

8 50% TAs6n/34 (v) 0.4 ns 0.10 ns
TAgsn/7d () 0.54 ns 0.12 ns

TA18n/14 () 0.42 ns 0.10 ns

9 75% TAsan/3d () 0.42 ns 0.10 ns
TA126n/7d (r) 0.45 ns 0.10 ns
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Combination of an Optical Clock and Hydrogen Masers for
Accurate Time Scale Calculation
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(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)
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AsstracTt The frequency stability and uncertainty of the optical clock have reached a magnitude of
107, making it a promising candidate for the next generation of time and frequency standards, and
it may be used to redefine the international unit “second”. The time scale serves as a benchmark for
accurately and continuously marking the passage of time, being the foundation of high-precision time
generation. The production of a time scale relies on the continuous and stable operation of atomic clocks;
however, optical clocks, as laboratory prototype devices, generally cannot operate continuously, thus
involving optical clocks in time scale calculation presents a challenging issue. The proposed application of
the Vondrak-Cepek combined filtering algorithm for joint time scale calculations with an optical clock and
hydrogen masers aims to address the challenges posed by the intermittent operation of an optical clock.
Initially, the ALGOS algorithm is used on the time difference data of the hydrogen masers to calculate
and obtain a continuous and stable hydrogen maser clock time scale. Subsequently, the Vondrak-Cepek
combined filtering algorithm is used to integrate the hydrogen maser time scale with the optical clock data
to acquire a combined time scale that involves optical clocks in the calculation. Finally, the experimental
results prove that the Vondrak-Cepek combined filtering algorithm effectively improves the performance
of the combined time scale of optical clocks and hydrogen masers, with the time deviation of this time
scale reaching the sub-nanosecond magnitude when compared with Coordinated Universal Time.

Key words time: time scale, frequency stability; methods: data analysis, Vondrak-Cepek combined
filtering algorithm; techniques: hydrogen maser, optical clock
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