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Summary—This article reports an optimization model of 

optical fiber time synchronization EDFA gain coefficient based on 

genetic algorithm (G A). According to a series of parameters such 

as the distance and attenuation of each section of optical fiber, the 

EDFA gain coefficient of each node is obtained for the purpose of 

maximizing the signal-to-noise ratio, SNR. This algorithm is 

further exploited for regulating the gains of bidirectional 

amplifiers, allowing optimization of the performance of the link. 

The developed algorithm was tested experimentally done with 210-

and 300-km-long links in the laboratory, incorporating three and 

four amplifiers. The results suggest that, comparing with the fixed 

gain coefficient setting, the proposed solutions allow optimizing 

the SNR by 3-5 dB and reduce the phase jitter by about 20%.  

Keywords—time synchronization; signal-to-noise ratio; genetic 

algorithm. 

I. INTRODUCTION

High-precision time signal transmission technology plays a

vital role in deep space exploration, satellite navigation, power 

transmission, scientific research and other fields [1-2]. The use 

of optical fiber links for high-precision long-distance time 

signal transmission has attracted wide attention [3]. In order to 

compensate the transmission loss of the fiber, the long-distance 

optical fiber communication must carry out the relay 

amplification of the optical signal [4]. The advent of EDFA 

with good forward and backward transmission delay symmetry 

and high isolation is a revolutionary breakthrough in the field 

of optical fiber time synchronization. However, there are some 

negative features of EDFAs, resulting from the possibility of 

free propagation of backscattered signals and amplified 

spontaneous emission (ASE) [5,6].  These signals, originating 

from the single Rayleigh backscattering (SRB) and the double 

Rayleigh backscattering (DRB) occurring in the fiber spans 

connecting the amplifiers, reach the local and far ends of the 

link together with the main signals. So, the problem becomes 

essential about the influence of these unwanted signals on the 

stability of the transfer, i.e., about the reduction of SNR [7]. In 

order to obtain the best optical fiber time-frequency 

transmission performance, the gain and number of bidirectional 

amplifiers on the link need to be optimized to obtain the best 

received SNR [8,9]. For solving the above-mentioned 

problems, the EDFA gain coefficient optimization model for 

fiber-based time signal transmission is established according to 

the type of link noise, and the objective function to optimize the 

SNR is further obtained. In order to speed up the convergence 

speed of the algorithm and improve the global convergence of 

the algorithm, this paper proposes a EDFA gain coefficient 

optimization based on GA. 

II. METHODS/RESULTS 

Figure 1 shows a two-way fiber time transfer model with

EDFAs. 

Fig.1 Schematic setup of the time transfer link and bidirectional amplifiers. 
We can write the received power on the eastern side of the 

link as 
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The detector at the receiving side converts the received 

optical signal into electrical signal according to the square law 

detection. The received signal contains not only the required 

signal current, but also the noise component apart. The 

electrical noise variance is shown in Fig.1(
RE
I ). 

Based on the above analysis, the SNRE can be calculated as: 
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Where ℜ is the responsivity of the photo detector (PD). For 

each fixed length optical fiber link, some gains can be found to 

obtain the maximum SNR. This can be explained that for some 

low gain, the signal reaching the east end of the link is very 

weak, while the noise generated by the backscattering of light 



from the east side laser in the east side fiber is relatively high, 

resulting in a low overall SNR. When the gain of the amplifier 

is too high, the signal reaching the east side of the link is also 

very high; In this case, the backscattering of light from the far 

side is mainly caused by the light from the east side. 

The purpose of this paper is to select the best gain of EDFA 

at each relay point according to the power of the transmitter, the 

length of each optical fiber distance in the link and the 

attenuation factor to maximize the SNRE at the receiver and 

reduce the phase jitter in the transmission link. Therefore, the 

objective function of the system is 
mi
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 The objective function has three constraint functions. The 

first constraint is that the attenuation coefficient 
iα  is between 

0.2dB~0.3dB. The second is that the length il  of the fiber is 50 

~ 100km. It may be taken as an experience that the gain of the 

EDFA should not exceed about 25dB to have some safety 

margin against excessive noise caused by amplification of 

backscattered signals. Hence, the third is that the gain 

coefficient 
iG  of each EDFA is between 0 ~ 25dB.  
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Fig.2 Flow chart of genetic algorithm. 

Therefore, this paper selects the GA as the optimal solution 

to obtain the objective function mi
E

MAX ze SNR . GA is based 

on the law of survival of the natural fittest, and the genes of the 

excellent individuals in the population are inherited. The better 

the individual with greater fitness is, the better the population 

is optimized, and the obtained solution is closer to the optimal 

solution. The population is repeatedly iteratively optimized to 

obtain the optimal solution of the target problem. As show in 

Fig.2, firstly, the population size m, crossover probability cp , 

mutation probability m
p  and termination condition of operation 

parameters in GA are determined according to the attenuation 

factor, length and dispersion coefficient of each fiber. After a 

series of steps of encoding, determining the initial population, 

selection, crossover, mutation and fitness evaluation, the 

optimal solution of the objective function is obtained, and the 

gain coefficient of each EDFA is finally obtained. 
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Fig.3 Schematic diagram of SNR and phase jitter of three algorithms in 

210km and 300km optical fiber links. 
In the optimization model of EDFA gain coefficient of long-

distance optical fiber link based on GA, the simulation and 

solution of the algorithm are realized by MATLAB. The 

general EDFA gain factor setting algorithm（Gen）, GA and 

enumeration method (EM) are compared and verified in 210km 

(3 EDFAs) and 300km (4 EDFAs) spooled fibers in the 

laboratory, as shown in Figure 3. In 210km link, the optical 

fiber distance is 60km, 40km, 50km, 60km respectively. The 

gain factor for Gen is 12dB. Global optimal solution obtained 

by EM: 
1 :14.6EMG dB , 

2 :8.3EMG dB , 
3 :15.1EMG dB . Obtaining by 

GA: 
1 :14.4GAG dB , 

2 :8.5GAG dB , 
3 :15.2
GA
G dB . Comparing the 

three algorithms, the SNR and jitter of conventional settings are 

not ideal from east side to west side,  Gen

WSNR is only 20.3dB, 

Gen

WJitter   is 11.2ps. Using GA, the SNR has been greatly 

improved,  GA

WSNR  is 24.2dB, increased by 3.9dB, jitter is also 

reduced by 2.7ps,  EM

WJitter  is 8.5ps. The EM has the best effect,  

EM

WSNR is 24.5dB, and EM

W
Jitter  is 8.2ps, but due to the time 

complexity of the objective function, the convergence speed of 

the EM is much lower than that of the GA. Similar results can 

be seen for SNR and phase jitters from west side to east side 

and on 300 km optical fibers. 

III. CONCLUSIONS 

This paper presents a genetic algorithm based optimization 

of EDFA gain coefficient in long-distance optical fiber link. 

This is an effective technical method, which can quickly find 

the best gain of each EDFA in the optical fiber time 

transmission link, so as to obtain the best SNR and phase jitter 

at the receiver. This method has achieved good results in the 

laboratory. In the next step, the algorithm will be verified in the 

field link. 
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