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Fig. 1. Schematic diagram of dual wavelength time transfer. (A1, A2, Laser wavelength).
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Fig. 2. Device diagram of dual wavelength time transfer. (OEO: Optical-electric-optical signal purification and processing module;
A1, A2: Laser wavelength; PLL: Phase locked loop).
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Fig. 3. Scheme of laboratory test.

1 AU RBA AT IE G 2SI B Ah
Table 1. Measurement results of equipment delay

error in each station.

Gi's AHERT/ps ASHEIS /ps | S5 WUENT /ps MHEIS /ps
1 2453 12 9 18354 7
2 4669 ) 10 20323 13
3 6056 10 11 22340 -11
4 8375 8 12 24098 6
5 9950 -10 13 25637 5
6 12144 9 14 28031 -8
7 13993 -6 15 29992 -12
8 16058 11 16 31862 8
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Table 2.  Detailed parameters of 800 km fiber link in the laboratory.

BEES /km 2 /ps RS/ (ps-km Tns 1) BeWE)G /ps || B2 /km W22 /ps EH RS/ (ps-km Tns 1) HHES /ps
50 267 13.45 19 450 2428 13.59 16
100 530 13.35 -5 500 2683 13.52 -19
150 799 13.41 -10 550 2946 13.49 -9
200 1070 13.47 15 600 3206 13.46 17
250 1341 13.53 -12 650 3466 13.43 18
300 1613 13.54 -14 700 3715 13.37 13
350 1891 13.61 -17 750 3996 13.42 16
400 2171 13.67 11 800 4243 13.36 10
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Fig. 4. Time synchronization measurement results of the laboratory fiber link: (a) The measured time interval variation results of

the laboratory fiber link (bule line: noise floor of the system; black line: 800 km fiber link in laboratory): (b) the measured time de-

viation results of the laboratory fiber link (bule line: noise floor of the system; black line: 800 km fiber link in laboratory).

JCEFHR B2, [R]Id HA —E TSR . TR
PR 800 km WY SEE0 2 GLFEERE [, M GEF (Y
FH0H 13.36 ps/(km-ns).

SCOR == S LT e 18] [B) 5 R 38 IE

T B UE R K (R 25 #ME T R AT AT,
TSR B AT A A s ) [ 2P 3% 28 7R S g = O A
R AT T R TR AR B, SR =k
LEEREH 16 FEARER) 50 km JGLF % | 16 S
DL K 15 AN g2, LA R S G 27 Bl G 3K
BEAY . Z LR IREE B S5 F A 3 i, 454
WA Z G A R A 50 km BAR HEG AT &
B 1 EARMGR & 15 G4k & 16 & TR
VA8 LA SN o B A T A R — A M, (T X A
Ui (R A 5 5 854 1 R (4 i A5 5 A RS 1
Fb )

AR R G0 E B T AR, i 7 o
16 ™ 1) 1PPS 755 5 A Hum Y 1PPS 15 5 Hi
AFI 25545 (SR620) HhfEAT Hox, 2%
WE 4(a) B2 BT, HIEIE(E 2958 50 ps,
AT BLRHEZE S 5.7 ps, HihiE (o 2k
TR KA 1 m oL B, A ELF I a] [A) H4E
R M R A B R R AR B I 22 B e ad b ) A5
S B[] [ 20 A& e BE A 1] 4(b) Hh 2 e th £ i
7N, S 4.9 ps@1 s Fil 1.12 ps@10° s. FEACEF
B (R ) ) S5 A S e FE A B An 6] 4(b) il o
MLk Aron, 205918 4.0 ps@1 s F1 0.083 ps@10° s.
M 4(b) Al LA H 7E 1000 s AN, 1% G458

3.3

% () B T A S B 5 R I B B R IC. 7E 1000 s
DL b, B TSI = R AR OS2, 454 v
A 1R B B S RO I 4 = A R, AT B 0 AR
SEFE LT — @R BB, Tt s s IR
AL R 25K 16 min, PS50 5 55 0 IS 7R
1000 s BT AE 2.

1085 km SE iS¢ 4T B i8] B 4 i

T BIE [ AT A s 1) [ 25 38 % AE S PR
FHR R AT S, R T2 B9 5 b O'G 2F i 1 S 90
T ps Y] R PAR IS B 5T, 120 B Y Hb B A
BT AN 5 B, DA Rk [ 545 s v i T el
X R LT BE B IR K o, a AR —F L B L R 40
FEE DU B TR T AN R AL BE
4% SR [0 3] [ A A O i R el X, e B
553 TR A3, 22 )R DU AR G 4R A T T PR IR AR A%
. 7 GRS T I i el DX — 15 2R e ] ]
A M St R I — B e R a5, LR Al i
S E — B AR A A — & th ki A R DGR
WU (OTDR) Xif 52 Hb G EF Bl 6 0 4 8 R 5
TOLHEAT T 2 Bk, Mg R ansk 3 rdl. &4t
T, JELT BRI AT N 1085 km, Al 287.5 dB.
SEG IR, I B ] 5 R B 1 2 €
BR BN 16.67 ps/(kmns), 51 A MY {6 HUR 2N
7180 ps, BIE G I EERZEM T 60 ps.

DA AT TARAEHLAE TR 29 1085 km 1Y
SEHLCEFRE RS TSR T GER Bt ] R AL .
A F B R4 o i R i 1PPS BEHEE 5 54K
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Fig. 5. Geographical distribution of the field fiber link.

£ 3 1085 km SEHECAFHERAS Tl TR SEL
Table 3. Detailed parameters of the individual
sites in the 1085 km field fiber link.
G il PEE /km hk/dB

1 i3 0 0

2 —K 41.69 12

3 Pt 72.75 21

4 [EERE 81.90 21

5 L 76.50 19

6 B 60.48 16

7 UR5 60.55 16

8 TR 73.20 19

9 UR5 73.20 19

10 TR 74.32 19

11 RS 74.32 19

12 G 60.55 16

13 L 60.48 16

14 [EERE 76.50 19

15 ity 81.90 21

16 —K 72.75 21

17 Il 41.69 12
=San 1085 287.5

Mg 1 PPS BfEME S 4 A SR 220 #1245 (SR620)
U EAT X, MR EE AN 6(a) Frs, o Rl
RITRICEFERS Bt L i 224521, 5
i R B RO E R M S BT 25 F 25 21 A
K 6(a) PRI LAE Y, YOGLTHERE H tis b, 122
WEIE(EIRE] T 160 ns, B 225U IIARUEZE A 47 ns.
N ICLFBE FEAMET , B 2206 R 170 ps, B 22
AU FRUEZE R 18 ps. M EEZE SR v LIBH A
TEAE I 1 B 5 TS I, e 6 B el 2 30 - 4

S 24 h EWIEAR R, X FEEREH TR
TR A P BOCAT R R A U B R ). J6ET
B M P a] R0 AR R I R 25 R an ] 6(b) Jir
N, I AR AR 2 B2 9.2 ps@1 s Fl 5.4 ps@
4 x 10* s. H TN T30 DL &R g il iy
o AR, (4 1085 ko S MG £F Bl F (14 46 0145 4
R s BE AR T 5250 % 800 km 2T 4 I & A AL
IR, o BRI BT R AR A LA S A5l 1 22 B3R
JEARR Y225, DT XS L4 s 1 K I A R e
PR R

B} i8] [B) 5 N RE S 7 i

AR RO CEF B [B] [R] 25 R e 45 A8 43 1)
AT T RAh S, M4 (5) XATR2I R4
A AR HEAT S U N

Ue= \/U%T + ufpy +uky Fup, FuAp,  (5)
Forp ) upr S A b ity 170 T ity 152 6 o B YR 2R S@A
{B'Jﬁ%iém%m WRLAH 3 ps/°C, SLE IR
FBIGIEH L) 2 °C, £ vl S PG SRR AR ﬂSE’JW‘
W2 4 °C. 7F 800 km LK 2 ELF ik, &
A E VLSS 5 1 AR Bf 5 BE 2958 6 ps. £E 1085 km
(RS HYCEF IR 155 SE IR TR 5 | A AN S i
Yh 12 ps; wrv AR 22T 1R 25 IR A b bt A1
78 AR it 7E UL ] L A i st 2 0 AR R 5 A iR
2, NHREREZIR 10 ps; uax HEBOGER AR
EEDEFAEERE (0.5D-L), L5 SHEOCRE AT IR
FEFE ], 25 A0 A B SOt K BE A BT R
A /NT 0.1 pm/°C. 7RSI = AU R AL DS 22 1]

3.5
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Fig. 6. Time synchronization measurement results of 1085 km field fiber link: (a) The measured time interval variation results of the

laboratory fiber link (black line: free running fiber link; blue line: compensated fiber link); (b) the measured time deviation results of

the field fiber link after compensated.

R IR 227254 21 0 15 °C L, OGRS I K B
] 4 2312846 240K 1.5 pm. X T 800 km 5256 %
SeeF, HoOLA @i 252 13.36 ps/(km-ns), NI
H O EER R AR LS | AT E FE 20 8.0 ps. Xt
T 1085 km [ 52 b 6 £F B B, H 0 R B
16.67 ps/(km-ns), $ICH K AT A AT E
JEZ)R 13.8 ps; up,, A IEEF# i 0 HUR B0 &5 |
IR 2E (0.5 Dere - AAL), Do S ICEF (HLZ EN
HIRZEE, AN RO K 22 E. L8 1R
A R S 1R G AR I B R B AT I i, X T
800 km RYSEIRZIGEF, Al B Tl &, A5 A
JEZ) R 0.037 ps/(kmns), FrLIOELF@E R EG R
AR ZE 20 9.6 ps. XF T 1085 km S H G 4T 5%
F TR B ET 4 I 1 P i AN TE ] — b, SR
TIAEAS ) X DA BORS i 1. HRB eI i
WS YGEF HEA T [ 2, 000 1 SsSB4 1 - 2 £
R B, HAE 4550250 0.13 ps/(kmns), 15545
LB R EG R IR 2ZE LN 56.7 ps; uap N
HLF S EBERE b5 AR, AR
B AL Z) R 4.5 x 1073 ps-(nm-km-°C) !, 3£
B % R B AR AL A A (B 2 2 °C 118, 7 800 km A
SEEG G, YEAF AR B S  EE RiR 2E
200 2.9 ps. SEHBGETBE 0 B IR E AR L2 Ny
20 °C, 7E 1085 km SZHbYGEF MK, YL iR
BE R IR ZE LN 19.5 ps. JGLT I A] [F] Ak &
e P A& T AT 8 B2 AR SRS SRk 4 R, i
i (5) AT 800 km LI % NCEFBE 1 A st 7] [+]
AN GE FE 2R 18.4 ps, 1085 km 52O 2T 4 1%

PR ][RP ANB 0 BE 290 63.5 ps.

ATTZE R I 2 S A LR I ] [R5, Y 6Er
B A Bl S e, RS AR S Mok
I ANNEE STt | NTITRE =26 reaweh=y oo !
RS B KON B B . R T HR Rt
LR A0 RGN IR E B, R — 2P aE K
HAS R AT, 2 E LAk K
TATER B R ARREYE, LIS IMA O EE i ] [ 25
BRI BIRZN. [FR, XA Hb b i3 45 S 0 R g 1 4 114
I TG, DA NELEE A 32 th DG EEAS
XFFR ™ HE S

F4 OCLTIEME A E RS BT
Table 4. The uncertainty analysis of the fiber syn-
chronized timing signal.
WREAHH /ps
B2 800 km 1085 km
T SEHDBLT
AR i S AN A S 15 6.0 19.0
LR/ upt ' '
B 22 R 22/ utim 10.0 10.0
POCARPRIRZE [ uan 8.0 13.6
N/n ZZ R
%—Tﬁﬁ(%ﬁdji " 56.8
R/ UDerr
JeLT @R BRI
N 2.9 19.5
RN R 18.4 63.5

i

N T N ) S OGS AR BN G EF i 1]
[ 20 ARG R RS2, AR SCHE U AR G 2T it Tl ] 25
etk b, 3R T —FBA GRIRZE B IE 6
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Abstract

To reduce the influence of fiber dispersion on accuracy of fiber-based time synchronization, a method of
dispersion-error corrected dual-wavelength time synchronization is proposed in this paper. Specificlly, the
method is to measure the dispersion coefficient of the fiber link, and then input it to each remote terminal, the
time delay error caused by the fiber dispersion is eliminated through the delay phase controller. With the self-
developed engineering prototypes, the experimental verifications are subsequently made both in laboratory and
real field. Before the test, 16 devices of time synchronization are connected in series for calibration. The time
synchronization system is able to keep delay difference within + 15 ps after being calibrated. In the laboratory,
the experimental setup is built by cascading 16 rolls of 50km-long fiber coils, and the total length of the
fiber link is 800 km. The experimental results show that the dispersion coefficient of 800 km fiber link is
13.36 ps/(km-nm), and the delay error caused by dispersion is maintained within 10 ps after correction. The
stability of the time transfer is 5.7 ps in standard deviation and the time deviation is 1.12 ps at an averaging
time of 100000 s. In the real field test, a 1085-km-long field fiber link is utilized, along which 16 self-developed
time-frequency transceiversare set at the cascaded fiber-optic stations. After being corrected with a dispersion
coefficient of 16.67 ps/(km:nm) for 1085 km urban fiber link, the time transfer is demonstrated to have a
dispersion-caused delay error of 60 ps. The experimental results show that the time standard deviation is 18 ps
and the time transfer instability is 9.2 ps at an averaging time of 1 s and 5.4 ps at an averaging time of 40000 s.
Finally, the time uncertainty of 800-km-long laboratory optical fiber link and 1085-km-long urban optical fiber
link are evaluated, and the time uncertainty is 18.4 ps and 63.5 ps, respectively. This work paves the way for
constructing the time synchronization fiber network in China. To further reduce the delay error caused by
dispersion in a long-distance time transfer link, the more accurate thermal control of the lasers should be

adopted to reduce the shifts of forward and backward wavelengths.

Keywords: fiber link, time synchronization, synchronization network
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