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transfer methods in terms of uncertainty performance, capable of achieving repeatability on the order
of hundreds of picoseconds. As a critical influencing factor, link calibration directly affects the accuracy
of time transfer results. To address current scarcity of research on TWOTT link calibration, the lack
of standardized methods, and the difficulties in verifying calibration results, this study proposes a
TWOTT link calibration method based on Common Clock Difference (CCD). First, a time transfer
link composed of two TWOTT devices is established. Calibration experiments are conducted under
common-clock conditions, and the CCD method is employed to obtain the link calibration results.
Then, an uncertainty evaluation is performed to determine the combined standard uncertainty of the
link calibration. Finally, a cross-validation method utilizing experimental results from multiple time
transfer links is proposed. Under laboratory conditions, different time transfer links are used to simulta-
neously compare two time scales, thereby verifying the TWOTT link calibration results. The experi-
mental results demonstrate that the calibration value of the time transfer link composed of two
TWOTT devices is 0.189 ns, with a combined standard uncertainty of 81 ps. When three different
time transfer links are used simultaneously to compare two time scales in the laboratory, the differ-
ences among the obtained clock offsets all fall within the range of comparison uncertainty. These results
verify the effectiveness and accuracy of the proposed TWOTT link calibration method, providing a techni-
cal reference for the calibration and verification of fiber-optic time transfer links.

Keywords: metrology; TWOTT; link calibration; time transfer; calibration verification; uncertainty
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IR A 225 W R S X TWOTT i B A5 i 45
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200 3MI LS HE B T A 2R R R 2 W]
s GNSS I A% 388 3 AL B 22 70 A v AN Al i T 24
1.2 ns, PR ASH E B 249 1.7 ns; SR620 i ##
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— LR 3 L X i B T A e 2 24 R AT P A 22 F
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Tab.2 Summary of results from the three comparison methods

ns

e J7 B2 B {E LR AN o JiE
GNSS-BDS B1I 6.328 1.700
GNSS-BDS 1L.3B 7.678 1.700
GNSS-GPS L1C 6.538 1.700

SR620 7.672 1.000

TWOTT 7.155 0.100

x3 WIELERILCA
Tab.3 Summary of validation results ns
GNSS-  GNSS-  GNSS-
ot 77 3 BDS BDS GPS SR620 TWOTT
B1l L3B L1C
GNSS-BDS B11 - 1.350 0.210 1.344 0.827
GNSS-BDS L3B  1.350 — 1.140  0.006 0.523
GNSS-GPS L1C  0.210 1.140 — 1.134 0.617
SR620 1.344 0.006 1.134 — 0.517
TWOTT 0.827 0.523 0.617  0.517 —

Oy R — 20 B I S 56 45 R B R SR S SR T
(] 25 (1) GINS'S I 45 1% 3o 4 W AL T Jié 22 4] o 52 P
5, AR RN O AFES GNSS #H LS 5
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S I, 3 L 6 Ty o A e 22 g5 RAT S W) 5 AE T
XEANHE LN QO ZHEL LKL RAAR
I —8ME O 2RI UE T TWOTT 4 #% A% o 45 3R
4 TR e [] s 6 Y ) T 22 o S 1 B B R AT A8 S
R 7 vk B AT AT

4 it

D g TWOTT Fb X 4% 3% T R 5% 3% 5 i
S A5 F i P B G LR XL I 0] 4% 6 2 R R B s
W] % 136 41 6 A0 M 45 A 0.189 ns, Fo 4 B AR HE A
JE N 81 ps, 2 W% 7 L B8 52 B T B BD o I B
A AN TG 52

2) M TWOTT %% #% | i (] (] B B 42 D0 o %
#% T GNSS Bof [] 1% 336 5 fig 3 b 5 =[] Bof % 75 A~ B 4
HEAT L, 9K 3 i 6 e 45 b 25 2 {8 2E 47 P9 9 L
B LG A5 R S [ B T A B 22 22 (X b T
2 HHOU A 2 B L A5 R A R — o

3) K FAS [A] 85 GNSS i 4 1% 28 12 Y& LA i
Z U T ML, 3R Lt o T A b 2 4 R H (R
FEAE HO U ASHA A2 BE Y Y L 25 S L R — ok,
TE T TWOTT 4§ A5 o 45 5 10 o 1 IRl e B 2
ol S 55 i 1% 5 LI UE 7 vk B R A R AT R TR
N A E

AR S T XL [ B ] £ 328 5% I A o X 0 E 5 ik
HEAT T SEE S (AN A i — A Pk S ) S SRR Y
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