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Fig. 1. Functional block diagram of bidirectional same-wave time division optical fiber time transfer.
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Fig. 2. Functional block diagram of laser wavelength auto-
matic tracking.
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Fig. 3. Schematic diagram of high-precision optical fiber time transfer experimental device based on laser wavelength tracking.
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Fig. 4. Working sequence diagram of high-precision optical fiber time transfer system based on laser wavelength tracking.
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Fig. 5. Experimental device diagram of laser wavelength automatic tracking.
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Fig. 6. Laser wavelength tracking test results: (a) Wavelength tracking jitter; (b) wavelength tracking stability.
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Fig. 7. High precision optical fiber time transfer test system based on laser wavelength tracking.
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1 AR EDCEFRER T R OGRS AT E B AE (. (BR7: ps)
Table 1.  Time delay before and after laser wavelength tracking for different length fiber links (in ps).
A5 5 AELT K BE /km
o 0.001 50 100 150
FRERET A —
Hij Ja Hij Ja Hij Ja Hij Ja
RS 2 1 36 3 79 2 115 4
RS 3 2 76 1 148 3 217 2
R 3 5 3 123 4 229 6 340 3
R4S 4 2 141 1 301 3 451 2
LR S 3 4 190 2 377 5 569 4
40 60 10-11
(a) —— 750 km (b) — 750 km
— 5 m
a é 12}
= = >
®r R s
z £ °
—40 : —60 10-13
0 1 2 3 4 100 10°
W] /d TR /s
B9 BT RO N BRER I EORS B AR B G 3 R G AR E AL R (a) BHEENSD; (b) B G R e

Fig. 9. Stability test results of high-precision optical fiber time transfer system based on laser wavelength tracking: (a) Time jitter;

(b) time transfer stability.

(R B 1R B B, 3T RIS HLR B2 250 7 150 km
TR L E AT, AR LRI, s
FEECE R AL I AR IS 100 h, FEA246Z) 2 C. W
B9 s, i 5 m GEfif, i 5 i R{E 5
bEZEN 4.26 ps, TDEV SH 4.2 ps@1 s, 0.2 ps@4 x
10* s; ffi 1 750 km YCLFBERKI, ARifE2E N 5.81 ps,
TDEV 4 4.7 ps@1 s, 0.4 ps@4x10* s. {#i F 5L 56
% 750 km YGEFBE RIS AR UE BE A AL,
Jir R R £ B % — R N R B RE AR AL 249 60 ns, 4%
BT AN 7 R AR MR AR BT AN 2.

NHREE S

HE T HOC A BRUER A w25 05 B G 2T Ik [ 12 328 T7
S8 AN S JEE 5 B DN 3O B A AR 0 I A i R 7R
Pt 72 | I ] (6] sl B A 2R 22 , U] OG22
S5 5 | R S ) 5 338 ) € IO 22 b TSR T O
KERER A 13 2. IR (e S ] 5
1B AN R BE 7 AR S, EAT DUE i R B A
Podm e PEA TR, AL A TIE. R LU A0k
ARG G IRAHE B Ue:

3.3

U. = (3)

Horp, upr MRS R G LE IR RS 5 I A AT
SEBE, wriv AR A] (] B R 22 B, wan WOGEF
ORIRZES I AIARTNE S, uap NI OB REUE
BN AR E BE. R T X a) s ] Xt A R
F AT £ s (R [R]FR, J/N T R GEHT AE 1)
RSN, 283k SR A5 A 2R G0 ol B 119 31 88 R
290 2 ps/°C, LI E R B[ LR 2 C,
G ALY 4 ps WIANHR E B B[] (] B 0] £ 4 1
FE B wriv B35 R G0 HERG S AR | AR b ity s A iy
BB 7 R i) st () B Yo i %o 6% i i S8 (%) 00 o
FEBIA MRS, ZR GUb SEAS v ik 2 SR FH S (] ] o]
TR TIN5 ARIAREE FEEZY R 6 ps; XL H]
i ) B X 3 AR R 2 i g A A i o, B
THIS AR | AR E FE 22 3 ps, i LIRSS
Hd LI AZ) 7.3 ps BIASHHE .

L[] PG K 25 57 DR 5 A1) 0 130l 22 X6 A
E B (R R MR AT UM S RN 309 7 T 4. K30
AHAREBE uay = 0.5D - AN - AL, AN R LA OGS
KIZES, 2490 0.5 pm, D FOCLAMEHEL, AL
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R I 25 AR BRI B8 3 AT HE RS . i)
AN R B 2 B RO GRS, TR
Hh 2k K0 8N B 2 B R AN E B uan =
0.5D - Astp - L - /n, FHefn i 4k 80, Asto M4
e shEARIERE 55 fm, L A ICEFHERE K. FESL
$% 750 km JELFEERIIAT, AL 150 km, K]
ANHE BEZ R 0.6 ps, BLASH & BE 294 0.8 ps.
TG A RRECE S | ARANIE B uap = 0.5AN
AD - AL, b, AD NEOHREN B, AR
B iR B EEAS RO AVE R 4.5 fs-(nm-km-C)
1 750 km B S50 2L, SGEr AR R BUE
BB ATR 2220 0.3 fs, I LLZBS AT

FETHOGHA BRI 1 SRS B G EF I )15 36 7
2 BN 2 B LR 2, 750 km SEIG FE G AF 4
PRI G AT EE LR 8.4 ps. FETHOEI K IR E:
P18 e A BEE DG 2T N ] 4% 388 7 8 AN B 2R
I ) ) o 00 Sk P AN 0 R RTIA #5d BE EEA  L 1Y
AN E E, TDGCET4E FE I BRI 22 B2 (1) 52 75
BRI XS TR BE B CET 5 % (] 4% 128
ANt FEFRS TR ZE R AN B 10 Fow, AT RAVE HAE
N LA FR GE I A 1 T P TR 1R 22 | s (] ] Bl
T 1R 22 FUBURNEO G 22 573X 3 MR K 4L
T, YA I R IR 3 4000 km B, KSR AT 3RAG 2
12.8 ps YA (] 4438 AN ff o B . {EL7E S M G 21 i fE
Wi T B — A R OB A T 5 L ) Sagnac
BAONE 55 i IR (0 B Ee PR 2R, 4 i] LA 3 e B
I HT I I (B AL 1 AN e T

#2750 ke S GET I )43 A i 5 JEE
Table 2. Uncertainty of 750 km optical fiber time trans-

fer in laboratory.

R BREMTHE
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Fig. 10. Relationship between time transfer uncertainty and
link length.
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Abstract

In a high-precision optical fiber time transfer system, in order to solve the scientific problem of time
transfer dispersion deviation caused by the inconsistency of the two-way laser wavelengths, a high-precision
time transfer method based on laser wavelength tracking is proposed in this paper. In the two-way time
comparison, the laser emitted by the local site is used as a reference, and other lasers in the system track the
reference, and the difference between the two-way laser wavelengths is small enough and stable for a long time,
thereby greatly reducing the time transfer deviation caused by the inconsistency of the two-way laser
wavelengths. In order to verify the performance of laser wavelength tracking, a double-layer temperature
controlled externally modulated laser is designed, an experimental device for automatic laser wavelength
tracking is designed, and laser wavelength tracking experimental modules are developed. The results show that
the standard deviation of wavelength jitter is 55 fm, and the long-term relative stability of laser wavelength
tracking is better than 5 fm@1x10?* s, which ensures that the two laser wavelengths can remain relatively stable
for a long time. In the case of long-distance fiber time transfer, by optimizing the setting value of the
wavelength difference between each laser and the reference light on the link, the dispersion deviation of time
transfer can be further reduced. In order to verify the feasibility of the high-precision optical fiber time transfer
method based on laser wavelength tracking, a long-distance multi-station optical fiber time transfer
experimental setup is built in our laboratory. The experiment is carried out in the laboratory by using 0.005,
250, 500, 750 km optical fiber links. The experimental results obtained on 750 km link show that the time
transfer deviation is better than 5 ps, the stability is 4.7 ps@]1 s, 0.4 ps@4x10* s, and the uncertainty is 8.4 ps.
In the engineering application of optical fiber time transfer, by optimizing the working sequence of the system,
the holding time length of the remote site clock can be reduced, and the accuracy of optical fiber time transfer
can be further improved, which lays a foundation for realizing high-precision long-haul optical fiber time

transfer.
Keywords: optical fiber link, time synchronization, synchronization network, laser wavelength tracking
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