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ABSTRACT 

 

We propose a long-distance high precise time transfer 

scheme over single optical fiber employing the same 

wavelengths in both directions. It can suppress the impact of 

the Rayleigh backscattering and the dispersion-induced 

symmetric deviation over fiber links at the same time by 

using bidirectional time division multiplexing (BTDM) 

mechanism. A single-fiber bidirectional amplifier (SFBA) is 

also optimized for the proposed scheme. A 300km time 

transfer over single optical fiber with identical optical 

wavelengths in both directions is demonstrated. The results 

show that the bidirectional propagation delay asymmetry is 

less than 25 ps with fiber link up to 300km without any 

calibration, which is closed to the floor of the used time 

interval counters, and almost keep unchanged as the fiber 

length increases. The measured stabilities in term of TDEV 

are less than 40ps/s and 11ps/d, respectively.  

 
I. INTRODUCTION 

 

Due to the advantages of low loss, high reliability, and high 

stability of optical fiber, fiber-optic time transfer has been 

considered as a promising solution for high-precision time transfer 

[1-2]. In order to mitigate the effect of the fiber propagation delay, 

bidirectional time transfer schemes (round-trip and two-way) have 

been proposed under the assumption of the symmetry of the 

propagation delays in two directions. The assumption can be 

satisfied in maximum degree by adopting bidirectional 

transmission over single fiber with same wavelength. Its transfer 

distance, however, is limited to several tens kilometers by the 

impact of the Rayleigh backscattering on the signal to noise ratio 

(SNR) [3]. Bidirectional wavelength division multiplexing (WDM) 

transmissions has been adopted to suppress the impact of the 

Rayleigh backscattering [4-7]. These schemes, however, have 

to face the dilemma of increased delay asymmetry caused by 

the chromatic dispersion and its temperature-dependent 

variations. L. Sliwczynski et al., has proposed a method to 

calibrate the propagation delay mismatch in round-trip 

schemes by measuring the wavelength difference, the fiber 

length and the dispersion coefficient of fibers [6]. 

Unfortunately, the calibration uncertainty caused by the 

measurement error of dispersion coefficient and wavelength 

will increase almost linearly with the length of fiber. 

Moreover, the calibration may become more complex in 

practice considering long fiber links often consist of several 

sub-fiber links with different characteristics, and the 

sub-fiber links and/or devices on the link may change for 

fault or other reasons. 

   This paper presents a high precise fiber-optic time transfer 

scheme over single optical fiber using bidirectional time 

division multiplexing dissemination with the same 

wavelengths in two directions. It can effectively suppress 

both effects of the Rayleigh backscattering and the 

dispersion-induced bidirectional asymmetry at the same time. 

A 300 km time dissemination system is demonstrated. The 

stability and the bidirectional propagation delay asymmetry 

are examined experimentally. Transfer stability of time 
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transfer less than 40ps/s and 11ps/d is obtained. The 

bidirectional delay asymmetry of fiber link is less than 25 ps 

without the calibration. 
 

II. PRINCIPLE  

 

The principle of the proposed fiber-optic time transfer 

scheme using bidirectional time division multiplexing 

(BTDM) dissemination is shown in Fig. 1. In the figure, 

the transmission of the 1 PPS at site 2 is delayed 𝑇𝑑 to 

avoid the fiber transmissions of the 1PPSs from the two 

sites in the same duration. We have: 
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where, 𝑇12and 𝑇21  are the time difference between the 

local input 1PPS and received 1PPS at the site 1 and site 

2, respectively; ∆𝑇 is the clock difference between the two 

sites; 𝜏12
𝐹  (𝜏21

𝐹 ) is the propagation delay of fiber link from 

site 1 (site 2) to 2 (site 1); 𝜏1
𝑇  (𝜏2

𝑇 ) and 𝜏1
𝑅(𝜏2

𝑅) are the 

sending and receiving delays at site 1 (site 2), 

respectively. 
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Fig.1 The principle of fiber-optic time transfer scheme using 

BTDM dissemination. 

From Eq.(1), we have: 

     12 21 212 1 1 2 21
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       (2) 

In order to guarantee the symmetry of two-way 

propagation delays, the two sites send the time signals using 

the same wavelength over single fiber. The optical carrier is 

launched into the fiber only during signal transmission to 

avoid the Rayleigh backscattering. In the case, the 𝜏12
𝐹  and 

𝜏21
𝐹  in Eq.(2) can be considered equal since the two 

directions employ identical wavelength in a single fiber 

link. We can obtain, 
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.      (3) 

In eq.(3), (𝜏1
𝑇 − 𝜏2

𝑇 + 𝜏2
𝑅 − 𝜏1

𝑅)  is the asymmetry of the 

sending and receiving delays, which can be calibrated by 

high-precision measurements in electric and/or optical 

domain since they are only related to the electric/optical 

cables and devices at the two sites [6]. Therefore, the 

clock difference ∆𝑇 , can be obtained by measuring 

𝑇21, 𝑇12 and 𝑇𝑑 . 
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Fig.2. The two-way fiber-optic time transfer system using BTDM dissemination. OS: optical switch; SFBA: single-fiber bidirectional amplifier; NBF: Narrowband filter.

 

 

 

 



 

III. EXPERIMENTAL RESULTS 

 

Figure 2 illustrates the setup of the optical fiber time 

transfer using BTDM dissemination. Two sites are connected 

by bidirectional optical fiber links composed of circulators, 

fiber, and single fiber bidirectional amplifiers (SFBA) for 

amplifying optical signal. At site 1, the 1PPS from the local 

clock 1 is encoded into a time code through an encoder [8]. 

Then the time code is sent to the fiber link through a DWDM 

small form-factor pluggable (SFP) transceiver with a 

wavelength (1549.26nm in our system). After the time code 

frame is completely transmitted from the site, the light is 

blocked into the fiber link by switching off the optical 

switcher (OS) with a switching time of several milliseconds. 

The Rayleigh backscattering originating from the local 

optical transmitter is therefore eliminated. At site 2, the input 

1 PPS from the local clock 2 is delayed by a time delay 

adjuster (TDA) implemented in FPGAs till receiving the time 

code from site 1. The delay of the TDA is measured by time 

interval counter (TIC) 3. The delayed 1PPS is then input to 

the encoder and transmitted to the fiber link on the light with 

the same wavelength as that at site 1 by switching on the OS, 

which is switched off after the time code is transmitted. At 

each site, the decoder recovers the 1 PPS from the received 

time code. The time difference between the received 1 PPS 

and local input one is measured by a TIC (TIC 1 and TIC 2 in 

the figure). All the adopted TICs in our test are SR620 

(Stanford Research System). In our experimental system, we 

use a common clock (Symmetricom, 8040C) to eliminate the 

deviations and drifts of two different clock, which can 

evaluate the effectiveness of the proposed time transfer 

system. 

A SFBA with bidirectional pumps, as shown in Fig.2, is 

designed to compensate the transmission loss. The two 

pumps can be adjusted separately to match different input 

optical powers and SNR of the two directions. The 

narrowband filters (NBFs) are used to suppress the ASE 

noise. Their bandwidth needs only to cover the spectral width 

of the optical carriers since the bidirectional wavelengths are 

identical. The adopted DWDM SFPs in the test has a spectral 

width of less than 0.02nm. We employ thin-film filters with a 

full width half maximum of 0.4nm due to having no narrower 

filter at hand. 

Figure 3 shows the stability, in terms of time deviation 

(TDEV), of the proposed time transfer scheme over G.652 

fibers of 2m, 100km, 200km and 300km in length, 

respectively. A variable optical attenuator with attenuation of 

about 20dB is used in the 2 m fiber link while SFBAs are 

employed at the end of every 100 km to compensate optical 

loss in 200 km and 300 km fiber links. The stability for 2 m 

fiber link, less than 31ps/s and 2ps/d respectively, shows the 

floor of our experimental system in the test conditions since 

the impact of such short fiber can be neglected. The floor can 

be lowered by precise temperature and power fluctuation 

control since the stabilities of the codecs, SFP transceivers 

and the TICs used at two sites are mainly related to ambient 

factors (such as temperature), power fluctuations etc. The 

stabilities of the 100 km fiber link without SFBA are less 

than 40 ps/s and 11 ps/d, respectively. It should be noted that 

the stability almost does not degrade when the fiber length is 

extended to 200 km and 300 km via SFBAs. 
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Fig.3 The TDEV of the time transfer over fibers of different lengths. 

 

According to Eq.(3), the raw clock difference in our 

scheme should be a constant value related to the asymmetry 

of the sending and receiving delays at two sites since the 

input 1PPSs of two sites are from a common clock. Fig.4 

shows the averages and standard deviations (Std) of raw 

clock differences in one hour with different fiber lengths. 

One can see that the average of the raw clock differences 

almost keep constant as the fiber length increases from 2 m to 

300 km. The maximum differences between average raw 

clocks is less than 25ps. If optical carriers with wavelength 

difference of 0.4nm are used in the WDM based scheme, the 

bidirectional delay difference caused by the 300 km fiber link 

should reach 2.04 ns for a typical fiber dispersion coefficient 

of 17 ps/nm/km. The results confirm that the effect of the 

Rayleigh backscattering and fiber dispersion in our proposed 

scheme can be suppressed effectively and extremely high 

bidirectional propagation delay symmetry can be achieved 

without in-line calibration of fiber links. 
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Fig.4. The measured raw clock differences for different fiber lengths.  
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Fig.5 The stabilities of TDEV at different 𝑇𝑑

. 

 

Figure 5 shows the stabilities of TDEV at different 𝑇𝑑. We 

can see that the TDEV almost keeps same level when  𝑇𝑑 

varies from 0.1s to 0.5s. The Std of raw clock differences in 

two hours with different 𝑇𝑑  is shown in table 1. The 

maximum difference of Std is less than 5 ps. These results 

demonstrate that the stabilities of time transfer is not 

obviously be impacted by the TDM delay of 𝑇𝑑 when it is less 

than 0.5s.  

Table 1 The stabilities of Std at different 𝑇𝑑
 

𝑇𝑑 Standard deviation (ps) 

0.1s 44.7 

0.2s 44.3 

0.3s 44.3 

0.4s 40.8 

0.5s 45.1 

 
IV. CONCLUSION 

 

We present an fiber-optic  time transfer scheme over single 

optical fiber using BTDM-SWSF to suppress both effects of 

the Rayleigh backscattering and the dispersion-induced 

bidirectional asymmetry simultaneously. A 300 km time 

transfer system based on BTDM dissemination is 

demonstrated. The results show that the stabilities in term of 

TDEV can be less than 40ps/s and 11ps/d, respectively. The 

bidirectional propagation delay asymmetry is less than 25 ps 

with fiber link up to 300km without any calibration, which is 

closed to the floor of the used time interval counter, and 

almost keeps unchanged as the fiber length increases.  
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