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Abstract: In order to meet the demand for distributed joint timekeeping system, a remote time comparison system was de-
signed, which includes satellite co-visibility, satellite bi-directional, and fiber bi-directional time comparison means. The domestic
equipment used in the system has the same time comparison accuracy as imported equipment, achieving high-precision clock differ-
ence measurement between laboratories using multiple means. The relative zero value calibration of the time comparison equipment
was completed using a mobile calibration station, and a 20-day time comparison was conducted between laboratories that were 50
km apart. The experimental results show that the mean clock difference measured by the three comparison means at the two loca-
tions is less than 1 ns, the trend is the same, and the amplitude is similar, and all can accurately measure the clock difference between
the two locations.
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Fig. 1 Satellite view of time comparison schematic diagram
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Fig. 2 Satellite two-way time comparison schematic diagram
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Fig. 4 Time frequency system block diagram
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Fig. 5 Calibration process of satellite common view receiver
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LR AU LR st xt
EZN e s

10 MHz B
AT B

10 MHz_A 1PPS_A 1PPS B

10 MHz B

A A

B 7 SR e B A A AR AR
Fig. 7 Calibration process of optical fiber bidirectional time

comparison equipment

M1 AT LA T AR LA 18] FE X AN 2 B2y
1.74 ns, 75 =Ffp HOW FBEoR EEARX 422, i HLBE
il W) B )0 A, 52 L K O SR AR R 2 A s
[AIAHOCTERRAR, febrit—L %A, (AHA&R
A . S . AKEE DR RS HDCLT
LERGTIRBI 0 s TR XU Ja] B 8] HE X A6 5 B2 A
0.83 ns, ZLTBMHNIIPEL:, LXK BEA XS4
w, (HRG A, W&, Ik, RS540
Py R LA B, [R]INTR ZEAH 5T TLR % e A it
F7 A5 5 A5 5 D6 £F BTy i 8] Ho X A 8 5E B A



- 70 - FERF, S XTREMTHSHEERELEXEARRR

5 45 5 3

L31

Y E—— ey

clockdiff/ns

~166—>200 400 600 800 T000 12001 400 T600 T 800
MJD=59 721-59 739
point

B8 2 EALAF I LA 25 R 20220522-20220609
Fig. 8 Satellite coview time comparison results 20220522-
20220609

-2y ] 750
4+
6+

8|

clockdiff/ns

-10 ¢+

-12 L

14

0 500 000 1000 000 1500 000

20220522-20220609
time/s

B9 22 ada ka2 R 20220522-20220609
Fig. 9 Satellite bidirectional time comparison results
20220522-20220609

2r
ol D
4}
-5t
z ~°r
5y
T -st
g
s 9
_10 L
—11F
_12 -
—13}F
—14b— ; ; ;
0 500 000 1000 000 1500 000
20220522-20220609
time/s

B 10 et e i) bbxd 25 3R 20220522-20220609
Fig. 10  Optical fiber bidirectional time comparison result
20220522-20220609

0.47 ns, %7 LA A] HEXRS B ey, 1 HDOGET i AE
&, DU T4, AR, & FH T3 Py el i 1]
A B a] LR, A PRI T2 B2 IR T%

B LRATAE T IO B I ] LU X T8 BEXEAN ]
SR, AT BERT L ] FEX 75 o

F 1 FHuu A et 4E R

Table 1 Time comparison between the two places
ey OAREE
=] X vk
Fre HEXS 77 12 fims R ns
1 TR B HEXS B 3} L31RU -8.1 1.74
2 T I [ G -8.7 0.83
3 JCEF XA [ X -8.5 0.47

AR SCH R Al TR AL . T L )
Bf ] FE X5 4 . GEF X m B[] He Xk ise ¢ e A7 B Ta] e
X, TR PN R UK el Lo T B ) s 2 A < i S
Y s AT ) Ee Xt =R TFBCEARKG S, MR
ZF-BL Rl A PRAT R Sems i B TR A
MU EE A B 5 3 0 A2 ISP GPS RUS I E AH
M, DA B ] R AR T 1 ns, 5 EISM 3R
I R] 8 1 A% 5 %5 SATRE Modem F %S B AHT
CIRDRC i WL gl N0 ool R E e A

5 #RIF

FEl Sy S s ph A A B H W e o, SR
(] 2 ST AR S I R e AR B
(] HE X B o A <7 I S g s )t oy T AL, T2
XLIa) LR R Ja] =T LR B, A A% sl A v
SEJUN ] LU X B e, T R A S Ik i) BE X 52 6
SR AE RN, R AR AT LSS R [] R 5 A
TAEARKL , ACHE T =l H X T B X 45 2R AH 22 10
T Uns, BIAJRIECS R P ALR O 25, S8
S i B 2 B AR

B2k

(11 HELE, KR, #HE5, % FIEFI R A RIRS
PEREZMHT[I]. A SIEALER, 2021, 42(7): 93-97.
YANG Yuting, LIU Chenfan, LIN Yuting, et al. Develop-
ment status and performance analysis of China' s time-
keeping systems[J]. Process Automation Instrumentation,
2021, 42(7): 93-97.

2] RS0, EEi, £, % BT =5 MK BRI
B 1A] EE X (9], AT AR, 2020, 40(1): 33-37.
WU Wenjun, WANG Weixiong, WANG Xiang, et al.
Long base-line common view time comparison based on
BDS-3[J]. Journal of Astronautic Metrology and Measure-
ment, 2020, 40(1): 33-37.

(3] SKFLFE, B30, E2%ia, A5 . TR U] I E) 432 4% 328 A



2024 4 5 J E M E F <71 -
FEHE ). SUE O 5820, 2021, 8(4): 11-19. PR AL 3 B R[], To L B AR HOR, 2022, 48(3): 534-
ZHANG Shengkang, YANG Wenzhe, WANG Xueyun, 540.
et al. Review of recent progress of two-way satellite time XIE Yong, ZHAO Dayong, YIN Jikai, et al. Research on
and frequency transfer[J]. Navigation Positioning and optical fiber frequency transfer technology based on
Timing, 2021, 8(4): 11-19. electronic phase compensation[J]. Radio Communica-

[4] 5, VLT, 20, % OGEF B R B AR A o tions Technology, 2022, 48(3): 534-540.

JE[J]. Ot 5 e T2AiE R, 2020, 57(5): 37-50. [14] %=IE, I, W, 2 Sea m AW I & S i 5
LIANG Yifeng, XU Jiangning, WU Miao, et al. Research SEER[T]. T EEER, 2021, 42(11): 1504-1510.

progress on optical fiber time-frequency synchronization YUAN Yuan, SUN Xia, YANG Jiaming, et al. Design
technology[J]. Laser & Optoelectronics Progress, 2020, and implementation of remote traceability system based
57(5): 37-50. on optical fiber[J]. Acta Metrologica Sinica, 2021,

[51 ES:0H, B, E0E 59 . iE B s 1 625 XL i ) 42(11): 1504-1510.

FeXF i 5 (7). TR TR, 2017, 47( 3): 47-50. [15] VM. FC R[] b X mp 18 18 & s JE A v 5 AR A 5 (D).

(6] skakiy, FAT, RHFRE, 55 . JL3F =S E S A Kb FRRERAR R, 2013.

I [H] LEXS[]. BT RHE R 5222417, 2021, 43(6): 66-73. [16] Ej&dn, ML, 5Kk, . —MET R ANZSFH U T
ZHANG Jihai, DONG Shaowu, YUAN Haibo, et al. XS 1) B ) A3 4 A% 138 28 G I S A YR 9], T+
Common view time comparison by new signal system of iR, 2015, 35(3): 32-35.

BDS-3[J]. Journal of National University of Defense WANG Maolei, XIAO Shenghong, ZHANG Da, et al. A
Technology, 2021, 43(6): 66-73. delay calibration method based on portable station for

[7] kdrifE, ROCHE, T, & BT A0 A [ BRAs ] L two-way satellite time and frequency transfer system[J].
SR [I]. IR R 244k, 2018, 39(6): 96-103. Journal of Astronautic Metrology and Measurement,
ZHANG Jihai, WU Wenjun, GUANG Wei, et al. Study of 2015, 35(3): 32-35.
international common view time comparison by Beidou [17] EEK . BT X Sk i TR N B[R] %38 2R 40 1 22
[J]. Chinese Journal of Scientific Instrument, 2018, 39(6): KW A mF5R [D). P % Hp ER B K27, 2015.
96-103. [18] MR, FL T PPP Y=k e GNSS FZRHZHIE AR [D].

[8] LIANG K, ARIAS F, PETIT G. Evaluation of BeiDou R KA, 2019.
time transfer over multiple inter-continental baselines to- [19] # 3CT . J K B sl [a) O[] I 6] 50 SR A% 32k o6 it 1 A WF
wards UTC contribution[J]. Metrologia, 2018, 55(4): 513- FX[D]. Kb H PRl 3 AR K%, 2014,

525. [20] EFH, B, BOCR, 55 . H T 1 Meps/s %38 5 (19 7

[9] #4E, fidHi, X% B8 . GNSS B[] Fo Xt & 45 51145 5 D T2 0L fia N ) X6 4 i 23 BT [J]. K 302441, 2019,
LI, JoZk L T/, 2020, 50 (7): 563-567. 60(6): 1-10.

HAN Hua, XIE Jianwei, LIU Lianzhao. Design and WANG Xiang, DONG Shaowu, WU Wenjun, et al. Per-
implementation of GNSS time transfer equipment[J]. Ra- formance analysis of two-way time comparison of Eura-
dio Engineering, 2020, 50(7): 563-567. sian satellites based on 1Mcps/s code[J]. Acta Astro-

[10] T, FHEN, XELRE . —Fh 102 W n) i) [F 20 R 40 nomica Sinica, 2019, 60(6): 1-10.

R 5 a7 5 R [T, JCZR R TRE, 2020, 50(5): 362-367.
[11]  5K4& W B, 29 55 38 TRV B i [a] ) 25 R 456 [PE4 ]
WFEE[T]. Jogkd TRE, 2016, 46(11): 51-54. 2 199054, A, TARIF,

[12] #2500, F1FE 5B, FA20 . 5T ORI B () % 27 X i ] H A 1994 % 4, B4, TAZIF.
FEXTH AR [T]. Tek sl fEHE R, 2021, 47(4): 503-506. B = 198744 Md, TALF,
PENG Li, WANG Zl?engyong, WANG ChongyanAg. Re- ) 4k 78 1984 4 & | AL, HE LA,
search on two-way time comparison through optical fi-

FhiEx 1984 4, KFH, TAIF,

[13]

ber based on PN code ranging[J]. Radio Communica-
tions Technology, 2021, 47(4): 503-506.
WO, RO, JHAkEIL, AF L TR AR AL AMEE I DT

(AL%h#t: 4 Fm)



