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[ Abstract] To solve the problem of remote transmission of legal time measurements and fill the gap of traceable time
standards and time-measuring instruments, the remote time traceability method was studied, and the remote time traceability
device NIMDO was developed by disciplining rubidium, cesium, and hydrogen atomic clocks with reference to the atomic
time national primary standard (UTC(NIM)) and using the GNSS time and frequency transfer method, and a remote time
traceability system was preliminarily constructed based on the device. Through various experimental verifications, the
device achieves a high-performance time scale at the remote end and synchronizes with UTC(NIM) in real-time, which is
equivalent to reproducing UTC(NIM) at the remote end with a certain time and frequency deviations, and the time deviation
of NIMDO from UTC(NIM) is better than £10 ns and frequency deviation is better than £1x10™" in over 90% of the time,
and the time deviation stays within +5 ns in more than 87% of the cases.
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Tab.1 Time deviation statistics of NIMDOs
over longer baselines

NIMDOMES  WLS%L 0<**<5ns 5 ns<[**|<10ns [**[>10 ns

16126 1066 0
TS15 17192
(93.80%) (6.20%) (0.00%)
16108 339 0
TS17 16447
(97.94%) (2.06%) (0.00%)
15522 454 0
TS23 15976
(97.16%) (2.84%) (0.00%)
16091 846 0
TS24 16937
(95.01%) (4.99%) (0.00%)
16878 302 0
TS26 17180
(98.24%) (1.76%) (0.00%)
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Tab.2 Frequency deviation statistics of NIMDOs over
longer baselines

NIMDO Ml 0<**|<5  5x10 M<**|  1x10 B<p*|  [**>2

R M x107" <013 <x107B3  x1079
166 29 6 0
TS15 201
(82.59%) (14.43%) (2.99%) (0.00%)
164 23 1 1
TS17 189
(86.77%) (12.17%) (0.53%) (0.53%)
158 26 3 2
TS23 189
(83.60%) (13.76%) (1.59%) (1.06%)
171 23 1 3
TS24 198
(86.36%) (11.62%) (0.51%) (1.52%)
177 20 2 0
TS26 199
(88.94%) (10.05%) (1.01%) (0.00%)
10 A
“ 107 "
>
Eq . ¥s{5 \\6?
10 803
TS24
TS26
]O*II 1 1 1 1
102 103 10* 10° 10° 107

SRl

12 KEZ NIMDO KB [E T8 E &
Fig.12 Time stability of NIMDOs over longer baselines

o PR
10*12 L
2
g 10 - TS15
: i
—
107 -~ TS24
TS26
10*18 1 1 1 1
10 10° 10 10° 106 107
X5 B} R) /s

B 13 KEZ NIMDO KSARREE
Fig.13 Frequency stability of NIMDOs
over longer baselines

T4 s A A 4 A NIMDO 7 JE A 25 4y 55
FISCHT A (e NIMDO JEARZERL . 78 s (] 4% 126 3
A%, SLEfd LT GPS H1 BDS Y NIM AN X 22
(i) Fr Fsf (i) 4% 356 B 16 o 7F NIM ATE HLBE X, IMO7,
TFO7. IM13 Al IM14 H] T3 56, HARSHn £ 3 fir
TR o DIARGE R SCHEAR A FEAHA[R], SE B0 25 R
DLSCHR 13030, Wi 14 ~ 17, 3 4 F15E 5 FiR.

e
F3 TWHERZEKN
Tab.3 Receiver employed in the experiments
B iR FHEARS%  GNSSHRSA
Aa4h(Cs clock)
IMO07 NIM-TF-GNSS-2J /(R clock) GPS
TF07 NIM-TF-GNSS-3 %@’EIP(CS clock) BDSHIGPS
IM13 NIM-TF-GNSS-3 & 4f(H-maser) BDSHIGPS
IM14 NIM-TF-GNSS-3  #4#(Cs clock) ~ BDSHIGPS
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Tab.4 Time difference statistics of Rudium, Caesium, and H-maser

NIMDOZ#! FURIy 0<[**| <5 ns 5 ns<[**| <10 ns 10 ns<|**| <15 ns 15 ns<|**| <20 ns [**>20 ns
IMO07 GPS Cs 29523 28549 974 0 0 0
94.89% 5.11% 0 0 0
IMO07 GPS Rb 4449 4100 349 0 0 0
91.94% 8.06% 0 0 0
IM13 GPS H 19462 18929 533 0 0 0
97.27% 2.73% 0 0 0
IM13 BDS H 13622 13179 440 3 0 0
96.75% 3.23% 0.2% 0 0
TF07 BDS Cs 7771 7253 518 0 0 0
93.33% 6.67% 0 0 0
IM14 BDS Cs 10392 9478 914 0 0 0
91.28% 8.72% 0 0 0
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Tab.5 Frequency difference (one day interval) statistics of Rudium, Caesium, and H-maser

NIMDOZ RURIEY 0<[**|<5x10714 5x10714<*|<1x 10713 1x10™B<**|<2x 10713 [**[>2x 10713
IM07 GPS Cs 331 287 44 0 0
86.71% 13.29% 0 0
IM07 GPS Rb 55 36 16 3 0
65.45% 29.09% 5.46% 0
IM13 GPS H 235 192 40 3 0
81.04% 17.65% 1.31% 0
IM13 BDS H 153 124 22 7 0
81.06% 14.38% 4.6% 0
TF07 BDS Cs 88 67 15 6 0
76.14% 23.86% 0 0
IM14 BDS Cs 116 94 20 2 0
81.18% 16.95% 1.87% 0
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Tab.7 Frequency differences (one day interval) statistics
between the remote stations and UTC (NIM)

W 0<**| 5 ns<[**| 10 ns<|**| 15 ns<|*

T *
IR HEL <5ns <10ns <15ns <20 ns | [**>20 ns
IM04 123591 108764 10234 205 1074 3314
88.00% 8.28% 0.17% 0.87% 2.68%
MO8 122621 111760 8631 467 987 776
91.14%  7.04% 0.38% 0.80% 0.63%
IM10 123986 114884 6485 588 999 1030
92.66% 5.23% 0.47% 0.81% 0.83%
TSI5 56536 53580 1469 391 10 1086
94.77%  2.60% 0.69% 0.02% 1.92%
TS17 33932 30399 2043 390 4 1096
89.59%  6.02% 1.15% 0.01% 3.23%
TSI18 13590 11591 1304 30 662 3
85.29%  9.60% 0.22% 4.87% 0.02%
TS19 45231 39496 5713 0 22 0
87.32% 12.63%  0.00% 0.05% 0.00%
TS20 30206 27060 491 683 3 1969
89.58% 1.63% 2.26% 0.01% 6.52%
TS21 32348 29953 903 421 4 1067
92.60% 2.79% 1.30% 0.01% 3.30%
TS22 26652 24741 421 370 2 1118
92.83% 1.58% 1.39% 0.01% 4.19%
TS23 46963 44581 892 370 2 1118
94.93% 1.90% 0.79% 0.00% 2.38%
TS24 29402 26124 1788 431 26 1033
88.85%  6.08% 1.47% 0.09% 3.51%
TS26 30173 27408 1274 463 3 1025
90.84% 4.22% 1.53% 0.01% 3.40%
TS27 23716 21195 845 448 135 1093

89.37% 3.56% 1.89% 0.57% 4.61%

oy W gprrics SXT0THESPEHIXI0TEMH nng
o
LR oy x10714  <Ix107"  <2x107"?  xjp-13

IM04 1445 966 348 98 33
66.85% 24.08% 6.78% 2.28%
IM08 1337 958 258 82 39
71.65% 19.30% 6.13% 2.92%
IM10 1431 1029 297 82 23
71.91% 20.75% 5.73% 1.61%
TS15 662 558 86 13 5
84.29% 12.99% 1.96% 0.76%
TS17 393 316 57 14 6
80.41% 14.50% 3.56% 1.53%
TS18 159 126 24 7 2
79.25% 15.09% 4.40% 1.26%
TS19 536 380 109 42 5
70.90% 20.34% 7.84% 0.93%
TS20 351 305 35 9 2
86.89% 9.97% 2.56% 0.57%
TS21 380 324 41 10 5
85.26% 10.79% 2.63% 1.32%
TS22 314 268 34 7 5
85.35% 10.83% 2.23% 1.59%
TS23 549 463 75 8 3
84.34% 13.66% 1.46% 0.55%
TS24 342 281 54 5 2
82.16% 15.79% 1.46% 0.58%
TS26 350 295 45 7 3
84.29% 12.86% 2.00% 0.86%
TS27 274 219 39 9 7
79.93% 14.23% 3.28% 2.55%
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