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Abstract 

INTRODUCTION: Fiber laser communication is a communication method that uses laser and fiber medium to realize data 

transmission and information output 

OBJECTIVES: In order to reduce the signal interference of optical fiber communication laser interface and ensure the 

communication quality of optical fiber network. A filtering method of optical fiber communication laser interface 

interference signal based on digital filtering technology is designed. 

METHODS: In this paper, the interface model of optical fiber communication network is firstly constructed, and the 

interface noise signal is input into the digital filter bank. The digital quadrature filtering method and the least square 

algorithm are used to separate the denoised signals to reduce the crosstalk between the signals in the channel. In this way, 

the crosstalk component in the signal can be filtered out, and a better filtering processing effect of the laser interface 

interference signal can be achieved. 

RESULTS: The results of peak signal-to-noise ratio are above 25, which effectively filters the interference signal in the 

signal, and retains the effective signal completely. The intelligibility of optical fiber communication network in signal 

communication is above 0.94, and the highest value is 0.986. The distortion degree are all below 0.025, and the minimum 

value is 0.004. The communication bit error rate are all below 0.001, which ensures the communication quality of the 

network. 

CONCLUSION: The experimental results show that the signal noise reduction effect of the proposed method is good, 

which provides a reliable basis for filtering and separating interference signals of optical fiber communication laser 

interface. 
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1. Introduction

Fiber laser communication is a communication method 

that uses laser and fiber medium to realize data 

transmission and information output [1]. It has the 

advantages of low loss, wide transmission frequency 

band, large capacity, small volume, light weight, anti-

electromagnetic interference, little cross talk, fast 

transmission speed, long transmission distance and so on. 

The most basic optical fiber communication system 

consists of data source, optical transmitter, optical channel 

and optical receiver. The data source includes all the 

signal sources, which are the signals obtained by the 

voice, image, data and other services through the source 

coding. The optical transmitter and modulator are 

responsible for transforming the signal into the optical 
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signal suitable for transmission on the optical fiber. The 

optical wave Windows used are 0.85μm, 1.31μm and 

1.55μm successively. 

Optical fiber communication network mainly transmits 

signals through the channel, which includes the most 

basic optical fiber, relay amplifier EDFA, photodetector, 

etc. [2]. The optical receiver receives the optical signal 

and collects energy from it [3], then converts it into 

electrical signal, and finally obtains the corresponding 

sound, image, data and other information. Optical fiber 

transmission system is an ideal channel for digital 

communication. Compared with analog communication, 

digital communication has the advantages of high 

sensitivity and good transmission quality, which further 

improves the performance of conventional CSK over 

three-color visible light communication channel [4]. 

Therefore, optical fiber communication systems with 

large capacity and long distance mostly adopt digital 

transmission mode. In optical fiber communication 

network, there are usually two kinds of interference 

signals, noise and interference, which will affect the 

utilization of effective signals and reduce the quality of 

signal transmission. By combining IP model and 

nonlinear Gaussian noise model, the influence of 

nonlinear interference noise can be effectively reduced, 

and the damage of additional link components can be 

reduced [5].  

The transmission signal of the laser interface in the 

optical fiber communication is disturbed by the noise line 

spectrum disturbance, resulting in the output bit error and 

distortion. Therefore, it is more urgent to study the 

interference signal filtering method. 

Reference [6] studies a machine learning-assisted 

denoising method for optical fiber communication. At the 

transmission layer, a principal component-based phase 

estimation algorithm is used for phase noise recovery of 

coherent optical systems. The K-means algorithm is used 

to reduce the influence of nonlinear noise in the 

probabilistic shaping system. At the network layer, long 

short-term memory algorithms and genetic algorithms are 

suitable for traffic forecasting and determining the 

reasonable placement of remote radio heads in a 

centralized radio access network. Reference [7] 

investigates an advanced modulation format method for 

probability-shaping bit loading for visible light 

communication based on 450-nm GaN laser diodes. The 

characteristics of the system are discussed, and the bit-

loaded discrete multi-tone modulation helps to increase 

the spectral efficiency and improve the system 

performance. Higher entropy can be achieved with the 

same signal-to-noise ratio (SNR) and modulation 

bandwidth constraints. This method can realize the 

filtering of noise. Reference [8] proposed a mode-locked 

laser phase noise reduction method under the optical 

feedback of coherent DWDM communication. Optical 

feedback is a well-known method for reducing the 

linewidth of single-mode lasers and can be used to 

stabilize comb lasers. This paper reports the investigation 

of the phase noise characteristics delivered from a single-

section QDash MLL under optical feedback. And it is 

shown that the ray width of each MLL longitudinal mode 

can be greatly narrowed. In the application process of the 

above method, the processing effect of the single 

interference signal is good, and the processing effect of 

the mixed interference signal still needs to be further 

verified. 

However, the signal interference of optical fiber 

communication laser interface is always a difficult 

problem in optical fiber communication system. Digital 

filtering technology is used in the anti-interference 

auxiliary communication process in this field. Particular 

frequency in digital filtering technique is the operation of 

signal frequency filtering, and also is an important 

measure to restrain and prevent interference. In view of 

the optical fiber communication interface laser 

interference signal filtering problem, this paper designs a 

laser interference signal filtering method based on digital 

filtering technology of optical fiber communication 

interface. Before the noise reduction, this method 

processes the noise in the signal to improve the 

characteristics of the signal. On this basis, the signal of 

noise reduction is further separated by digital filter bank, 

and the interference signal in the signal is separated to 

realize the effective filtering of laser interface interference 

signal. 

2. Interference signal filtering of optical
fiber communication laser interface

2.1. Optical fiber communication network 
interface modeling 

The interface environment of optical fiber networks is a 

very complex and unpredictable system [9]. In order to 

achieve good noise reduction effect, the interface 

characteristics need to be carefully studied. According to 

the communication transmission principle of optical fiber 

network [10], aassuming that gsI
, dgI

 and dsI
represent 

nonlinear laser interfaces of different network 

communication, the calculation formula is as follows: 

( )0 1gs g f gI I a V= −    (1) 

( )0 1dg d r dgI I a V= −  (2) 

( )
( )

( ) ( )

2

1 tan
1

g T

ds d d

g T

V V
I V aV

b V V




−
= +

+ −
      ( 3) 
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where: fa
, ra

and  are attenuation parameters of

different components, gV
, dV

, TV
 and dgV

 represent 

transmission frequencies of laser interface and 

communication system respectively;  a  and b  represent

random numbers in the range of [0,1] and Q, W and R are 

the original data of T, U and I. 

In the transmission process of optical fiber 

communication network, interface modelling is a key step 

to optimize the communication network [11]. The forward 

and backward conversion of interface variables can be 

expressed as follows: 

( ) ( )
( )2

, exp
22

f f t
S f h t








−

 − −
=  

 
   ( 4) 

where:   and h  are harmonic pulses and amplitude-

frequency responses of the interface, t  represents

communication time, and 
f

 represents interference 

frequency. Therefore, the interface model can be 

expressed by the following formula: 

( ) ( )  
2

=1

, 1
N

n n

n

c t a t 


= −
               ( 5) 

where, n represents the number of interfaces.

2.2. Signal noise reduction for optical fiber 
communication ports 

Based on the modeling of the fiber optic communication 

network interface, the nonlinear laser interface output can 

be calculated. In this way, the optical fiber 

communication network interface environment can be 

more clearly defined. Optical fiber network is easy to 

produce the above noise in any link of the communication 

process. Especially in the chaotic communication 

environment, the noise of multicarrier radar and 

communication system will cross [12] and attach to the 

real signal in the form of linear superposition. The noise 

signal can be described by the following formula: 

( ) ( ) ( )' ' ' ' ' 'x t s t x k=    (6) 

where 
( )' 's t

 belongs to pure signal, and 
( )' 'x k

describes noise. 

Wavelet domain filtering is a new signal processing 

method. It decomposes various frequency components in 

the signal into non-overlapping frequency bands, which 

provides an effective way for signal filtering, signal-to-

noise separation and feature extraction. The spectrum of 

some noise is distributed over the entire frequency 

domain. The development and maturity of wavelet theory 

provides a favorable tool for the analysis of non-

stationary signals. In this paper, the wavelet domain 

filtering algorithm [13] is used to remove the interface 

noise signal. Assuming that the noise signal is represented 

as 
( )' 'x k

, which is the discrete value of the noise signal 

'x at the point 
'k , 

( )'

' '

0,k
C x k=

 is set and combined 

with the wavelet decomposition principle, the 

decomposition expression of wavelet transform is as 

follows: 

' ' ' '

'

'

, 1, 2
=

j k j n n k
n N

C fC h
− −



  (7) 

' ' ' '

'

' ' '

, 1, 2j k j n n k
n N

d fd g
− −



=   (8) 

where, 
' '0,1,2, ,k N=

,
'N is the length of discrete 

data, 
',j k

C
 and 

'

'

,j k
d

 represent scale and wavelet 

coefficient respectively, 
'h and 

'g
 belong to A group of 

orthogonal filters, and 
j

is the decomposition scale. 

In order to realize the simultaneous removal of various 

noises in the channel, the above-mentioned wavelet 

domain filtering model is used for denoising. The specific 

process is shown in Figure 1. 

Step 1: A reasonable number of layers is set to do 

wavelet decomposition of the noise signal; 

Step 2: Since noise is mostly concentrated in detail 

coefficients, filter coefficients at any level [14], except 

scale coefficients; 

Step 3: The appropriate threshold is determined and 

threshold denoising for the detail coefficient; 

Step 4: Wavelet reconstruction is processed on the 

details and scale coefficients after noise reduction to get 

the noise reduction signal. 

Start

Set a reasonable number of layers, 

wavelet decomposition signal noise

Filtering coefficients of arbitrary 

levels

After wavelet reconstruction and 

noise reduction, the signal obtains 

noise reduction information

End

Figure 1. Denoising process using wavelet domain 
filtering model 
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It can be seen from the above process that the 

determination of decomposition layers and the calculation 

of threshold are the key to the wavelet domain filtering 

algorithm. Therefore, this paper focuses on the analysis of 

these two processes, which are to determine the 

reasonable selection of decomposition layers and 

threshold respectively. The details of the two processes 

are as follows. 

(1) Determine the number of decomposition layers: 

In the process of optical fiber communication, both 

signal and noise have modulus maxima, and their 

morphology in the wavelet domain is different. The 

amplitude and density of noise decrease with the increase 

of the number of layers. The trend of signal modulus 

maxima is opposite. Therefore, combining with this 

feature, it can be inferred that whether each layer after 

wavelet decomposition is dominated by noise, so as to get 

a reasonable number of decomposition layers. 

If signal 
'f

 is decomposed, the number of 

decomposition layers is set as m , whose value is usually 

[3,5], and the sequence of modulus maxima of all layers is 

labelled as 
( )' ', 1, ,wpeak j j m=

. If it meets the 

requirements of Formula (9), it indicates that signal 
'f
 is 

a useful signal; otherwise, it indicates that signal 
'f
 is 

dominated by noise. 

( ) ( ) ( )'2 2 2
1 2 2 ...wpeak wpeak wpeak j   (9) 

To determine the number of decomposition layers, the 

adaptive process is as follows: 

Step 1: The asynchronous data transmission noise 

signal is decomposed, the SNR, interference power and 

detection threshold of any number of interference sources 

are determined, and the noise interference signal is 

analyzed [15]. 

Step 2: The obtained scale coefficient 
'1,k

C
 is used to 

reconstruct the wavelet coefficient 
'

'

1,k
d

 and a new signal 

sig new−
 is obtained. If the signal conforms to the 

conditions constrained by formula (9), skip to step 4, 

otherwise proceed to the next step. 

Step 3: The previous step is repeated. Every time the 

detail coefficient decomposition is completed, a new 

signal will be obtained to verify whether the maximum 

value of the signal can meet the conditions constrained by 

Formula (9). If not, further decomposition will be carried 

out until the requirements are met. 

Step 4: The results obtained last time are discard and 

the number of layers of the final decomposition is set to 
'j

, then the final number of obtained layers is a 

reasonable choice of the threshold of 
' 1j −

. 

(2) Selection of reasonable threshold: 

In this paper, the penalty algorithm is used to select a 

reasonable threshold. The expression of the penalty 

standard 
( )crit t

 is as follows: 

 

( ) ( ) ( )'

2
* ' * * *2 lg /

k
crit t sum d t n t    = − + +

   
(10) 

 

where: 
'

'

k
d

 is the wavelet coefficient, which is arranged 

and saved according to the descending order of absolute 

value; 
*n  is the number of coefficients;  is a regulation 

parameter, a real number larger than 1, and usually takes 

the value of 2.   is the standard noise value, whose 

calculation formula is as follows: 

 

'

*

' *

1
k

n

d n



=

=
                          (11) 

 

It can be seen from Formula (11) that formula (10) is a 

function 
*t . Suppose that 

( )*crit t
 has a minimum value 

when 
*t  is 

*

mint
, and the expression of threshold 

*  is as 

follows: 

( )* ' *

mind t =                           (12) 

 

There are two threshold processing algorithms: hard 

threshold and soft threshold. Because the hard threshold 

algorithm can generate discontinuity points, the latter is 

adopted in this paper. The formula of soft threshold 

function is as follows: 

 

( )( )' ' * ' '

*

'

sgn ,

0

d d d
y

d

 



 − 
= 



           (13) 

where, 
*y

 represents the network laser interface signal 

after noise reduction. After the above process is 

completed, the noise in the channel can be effectively 

removed, and the signal characteristics are more obvious, 

which is helpful for the filtering and separation processing 

of interference signals. 

2.3. Digital filtering of interference signals of 
optical fiber communication laser interface 

2.3.1 Logical structure design of digital filter 
bank 
After the signal denoising processing of optical fiber 

communication network laser interface is completed, in 

order to effectively filter the interference signal in the 

signal, this paper designs a digital filter bank [16] to 

separate the interference signal of the denoised signal and 
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realize the laser interference signal filtering. A digital 

filter bank is a set of filters with a common input or 

output, as shown in Figure 2. 

 

The input vector

Channel flow filter

Signal decomposition

The least 

squares 

algorithm

Digital orthogonal 

filtering method

Results output

 

Figure 2. Structure of digital filter bank 

Digital filter banks can decompose the signal spectrum 

into several adjacent band signals or combine several 

signals into a new signal using low-pass, band-pass and 

high-pass filters. The decomposition process is completed 

in the analysis part of the filter bank, and the cache is used 

to assist the communication process [17], while the 

synthesis process is completed in the synthesis part of the 

filter bank. The uniform M-channel filter bank is 

composed of low-pass, band-pass and high-pass filters. 

The bandwidth of each filter is equal, and the center 

frequency points are evenly distributed. 

If the r-th band filter is calculated from a single 

prototype filter 
( )h n

, then H is called 

DiscreteFourierTransform (DFT) filter bank. If the multi-

phase decomposition of filter 
( )rh n

 and input signal 
*y

 is adopted, an effective realization of the filter bank of 

R channels can be obtained. Since each band-pass filter is 

precisely sampled, the decomposition of R multi-phase 

signals is adopted. The relevant calculation formula is as 

follows: 

( ) ( ) ( ) ( )
1

0

R

k k

k

h n h n h m h mR k
−

=

=  = −
  (14) 

( ) ( ) ( )
1

*

0

R

k k k

k

y y n y m y mR k
−

  

=

=  = −
   (15) 

 

Equation (15) is substituted into Equation (14), it can 

be found that all band-pass filters 
( )rh n

 share the same 

phase filter 
( )kh n

, and the “rotation factor” of each filter 

is different, so as to ensure better denoising effect of 

interference signal filtering [18]. Moreover, in the digital 

filtering technology, the digital orthogonal filtering 

method is introduced to separate the signal after noise 

reduction and filter the interference signal in the signal. 

2.3.2 Laser interface interference signal filtering 
processing 
The digital orthogonal filtering method can reduce the 

crosstalk between signals in the channel, deal with the 

crosstalk components in the signal, and ensure better 

filtering processing of laser interface interference signals. 

I  channel represent co-trust channel in optical fiber 

communication network, and 
Q

 channel represent 

orthogonal channel. 
( )i t

 and 
( )q t

 are the two signals 

I  and 
Q

 generated by the transmitter; 
( )g t

 and 
( )f t

 

are square root rising cosine (SRRC) low-pass forming 

filter functions; c  represents the minimum carrier 

frequency that shifts the negative frequency domain of 

base-band signal to the positive frequency domain. 
( )h t

 

represents the channel impact response; 
( )Ip t

 and 

( )Qp t
 represent the impulse responses of in-phase and 

orthogonal filters at the transmitter, respectively. 
( )Ip t

 

and 
( )Qp t

 form Hilbert transform pairs [19], and the 

calculation formulas of impulse responses 
( )Ir t

 and 

( )Qr t
 of corresponding Hilbert transform pairs matching 

( )kh n
 at the receiver are as follows: 

 

( ) ( )

( ) ( )

I I

Q Q

r t p t

r t p t

 = −


= −

                  (16) 

 

In the digital filter, the algorithm based on Hilbert 

transform is introduced to achieve the orthogonality 

calculation formula between two channels: 

 

( ) ( )
( )0 ,

0,
A B

t T A B
r t p t

A B

 − =
 = 


     (17) 

where, A  and B  correspond to I  and 
Q

 respectively; 

0T
 is the time delay caused by digital filtering; 

( )0t T −
 is the impulse function;   stands for 

convolution. Ideally, there is no loss and delay in the 

channel between the output of the filter at the transmitter 

and the input of the matched filter. The combination of 

EAI Endorsed Transactions on 
Scalable Information Systems 

01 2023 - 01 2023 | Volume 10 | Issue 2 | e14



Shengnan Zhang and Thippa Reddy Gadekallu 

  6      

prime interleaving is adopted to improve the anti-

interference effect under the same SNR level [19]. 

 Therefore, 
( )kh n

 output with the same matching 

path can be calculated as: 

 

( )   '

I I Q Ii t t i p r q p r =   +       (18) 

 

where, the second term 
( ) ( ) ( )Q Iq t p t r t 

 is the 

interference of channel 
Q

 to channel I . By substituting 

equation (16), it can be seen that the result of the second 

term 
Q Iq p r     is 0, that is, the crosstalk between 

channels can be eliminated by using digital orthogonal 

filtering. 

Digital orthogonal filtering is generally used for 

multiplexing two signals to one channel, and it is used in 

the mode division multiplexing transmission of two 

degenerate modes to reduce the influence of signal 

crosstalk between channels from the perspective of 

intelligent frequency hopping, so as to obtain the 

intelligent fiber mode channel hopping sequence of 

jammer and target transmitter. In the mode division 

multiplexing transmission system, the fiber mode channel 

is not ideal, and the transmission of signals 
( )i t

 and 

( )q t
 will be affected by the channel response 

( )h t
. 

Therefore, the signal output of the channel matched filter 

at the receiver can be expressed as: 

 

( )   ( )'

I I QI Ii t t i p h r t c f=    + +    (19) 

( ) ( )QI Q Ic t t q p h r=                (20) 

 

According to Equation (4), in addition to useful 

signals, the output of I path matched filter also includes 

the crosstalk component 
( )QIc t

 of  Q-path to it and the 

interference component 
( )If t

of I-path. Similarly, the 

output function of Q-path matched filter can be calculated 

as follows: 

( )

( ) ( )

'

Q Q

I Q I Q

q t t q p h r

t i p h r f t f t

 =    + 

    + + 

   (21) 

where, the interference signal component of 
Q

-path  is 

represented by 
( )Qf t

. 

The crosstalk component between channels will 

seriously degrade the channel transmission performance, 

so crosstalk cancellation is needed. To reconstruct 

( )QIc t
, the sender 

( )q t
 must be known, while 

( )q t
 is 

obviously unknown. The actual received signal 
( )'q t

 of 

Q
’path is used as the estimate value to replace 

( )q t
, 

then the crosstalk signal estimation can be expressed as 

follows. 

( ) ( )'

QI Q Ie t t q p h r=             (22) 

Similarly, the estimate 
( )QIc t

 of crosstalk component 

( )QIe t
 can be obtained. The crosstalk components 

( )QIc t
 and 

( )QIe t
 between channels after using digital 

orthogonal filtering are smaller than those without using 

digital orthogonal filtering, so crosstalk can be reduced 

and interference signal filtering effect can be achieved 

[20]. 

The least squares algorithm is used to estimate the 

channel matrix h . The training sequences are sent by I 

and Q channels be 
( )1x t

 and 
( )2x t

, respectively. The 

channel matrix formula is: 

 

11 12

21 22

h h
h

h h

 
=  
 

                           (23) 

 

Then the signal of the receiving end is: 

 

( ) ( ) ( )

( ) ( ) ( )
1 11 1 12 2

2 21 1 22 2

y t h x t h x t

y t h x t h x t

=  + 


=  + 
      (24) 

 

It is known that the sending and receiving vectors of 

the training sequence of route I  and route 
Q

 are tx
 and  

F ty
 respectively, then: 

 

t ty hx f= +
    (25) 

 

The estimated value ĥ  of the channel response h  is: 

 
2ˆ arg min t t

h

h y x h= −               (26) 

 

where: 
( )

H


 is conjugate transpose. Therefore, the values 

of 
( )QIe t

 and 
( )IOe t

 can be calculated, and then the 

estimated value of the corresponding crosstalk component 

can be subtracted from the received signal of each channel 

to cancel the crosstalk [21], and the new estimated value 

of the received signal can be obtained as follows: 
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( ) ( ) ( )

( ) ( ) ( )

'' '

'' '

E QI

E IQ

i t i t T e t

q t q t T e t

 = − −


= − −
            (27) 

where, ET
 is the delay of crosstalk estimation signal. 

( )''i t
 and 

( )''q t
 can replace 

( )i t
 and 

( )q t
 for the 

next step of signal demodulation, or can be substituted 

into equation (27) for the second iteration to further 

reduce the remaining crosstalk components and 

interference signals. 

3. Experimental Test 

In order to verify the filtering effect of the proposed 

method on laser interface interference signals in optical 

fiber communication networks, Matlab Simulink tool is 

used for simulation test, where the signal waveform is 

completed by an arbitrary waveform generator 

(AWG2005), the number of sampling points of 

interference noise is N=125, and the signal noise ratio of 

signal interference is set as -12.7dB. The initial sampling 

frequency of laser interface signal is 100kHz, the 

termination sampling frequency is 500kHz, the frequency 

range of broadband signal detection is 14-26khz, and the 

pulse width of laser interface signal sampling is 20ms. 

3.1. Signal noise reduction effect test of 
laser interface 

In order to verify the denoising effect of the proposed 

method on optical fiber communication laser interface 

signals, the proposed method is used to conduct denoising 

processing on the sampled laser interface signals 

containing interference signals. The results of laser 

interface signals before and after denoising are shown in 

Figure 3. 

 

 

 

(a)Signal results before noise reduction 

 

 

 (b)Signal result after noise reduction 

Figure 3. Test results of signal noise reduction effect 
of laser interface 

After analyzing the test results in Figure 3, it can be 

concluded that the sampled laser interface signal of 

optical fiber communication is disturbed by noise, which 

leads to poor signal resolution, and the effective signal is 

covered by a large area, and the effective signal cannot be 

accurately identified. The noise in the signal can be 

effectively removed and the effective signal can be 

recovered by using the proposed method. The signal 

waveform of noise reduction is more regular. Therefore, 

the signal noise reduction effect of the proposed method is 

good, and it can provide a reliable basis for filtering and 

separating interference signals of optical fiber 

communication laser interface. 

3.2. Peak signal-to-noise ratio test 

To further measure the noise reduction effect of the 

proposed method, the peak signal-to-noise ratio (PSNR) is 

adopted as the metric. We chose Gaussian noise, salt and 

pepper noise, and mixed noise as interference signals. 

Gaussian noise refers to a class of noise whose probability 

density function follows a Gaussian distribution (ie, a 

normal distribution). Salt and pepper noise refers to two 

kinds of noise: salt noise and pepper noise. Salt noise is 

generally white noise, pepper noise is generally black 

noise, the former is high grayscale noise, and the latter is 

low grayscale noise. Generally, two kinds of noise appear 

at the same time, and they appear as black and white noise 

on the image. Mixed noise is caused by the accumulation 

of a large number of fluctuation disturbances randomly 

generated in time. Noise whose value cannot be predicted 

at a given instant. In this way, the denoising results of the 

method in this paper under different types of interference 

signals are obtained. As the noise density gradually 

increases, the desired criterion for the peak signal-to-noise 

ratio is above 25. 
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Table 1. Variation results of PSNR 

The 

noise 

density 

Gaussian 

noise 

Salt and 

pepper noise 
Mixed noise 

0.1 26.6 27.3 27.7 

0.2 26.5 26.9 29.4 

0.3 29.7 27.2 29.7 

0.4 26.7 28.4 28.2 

0.5 27.1 28.2 17.6 

0.6 28.4 26.6 26.6 

0.7 27.6 27.7 28.3 

0.8 27.4 29.4 29.1 

0.9 28.8 28.1 28.8 

1 29.1 26.5 27.5 

 

After analyzing the test results in Table 1, it can be 

concluded that: With the gradual increase of noise 

density, the results of peak signal-to-noise ratio (PSNR) 

also changed differently under the interference signals of 

Gaussian, salt and pepper, and mixed noise. However, the 

results of PSNR are all above 25 under the noise signals 

of the three types, where the minimum value is 26.2 and 

the maximum value is 29.7, which meets the application 

effect. Therefore, the noise reduction effect of the 

proposed method is good and can reliably remove the 

noise in the laser interface signal. Because the channel 

model of the optical fiber communication network is first 

constructed in this paper, the wavelet domain filtering 

algorithm is used to reduce the noise in the channel and 

highlight the signal characteristics. Thereby, the effect of 

signal removal is optimized. 

3.3. Effect test of interference signal 
separation 

In order to measure the separation effect of the 

proposed method on interference signals, a sampled laser 

interface signal is randomly selected, and the proposed 

method is used to perform interference signal separation 

processing on the signal after noise reduction to obtain the 

effect before and after interference information 

separation, as shown in Figure. 4. 
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Figure 4. Test results of interference signal 
separation effect 

After analyzing the test results in Figure 4, it can be 

concluded that there are still obvious interference signals 

in the communication signals after noise reduction 

processing, which will affect the effectiveness of the 

signals. The interference signal in the signal is effectively 

filtered, and the effective separated signal is retained 

without damaging the effective signal. Therefore, the 

proposed method has a good effect on interference signal 

separation and can retain intact effective signals to a large 

extent. 

3.4. Signal filtering effect test 

In order to further verify the filtering effect of the 

proposed method on optical fiber network laser interface 

signals, the effective resolution 


 and mean square 

deviation   are adopted as the measurement standards. 

The application standard of 


 is above 20.5 digits, and 
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the application standard of   is below 0.02. The 

calculation formulas of the two indexes are as follows: 

 

2

2
log

M




 
=  

 

                    (28) 

2

1

1 N

i

i

x x
N


=

= −                 (29) 

 

where: ix
 represents the i -TH data; x  is the average 

value of data. M  represents the number of signal quasi-

transposition. N represents the number of laser interface 

signals. 

According to the above formula, the test results of the 

two indexes of the proposed method under the 

interference components of different size pairs are 

calculated, as shown in Figure 5. 
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Figure  5. Test results of effective resolution and 
mean square deviation index 

 

After the analysis of the test results of figure 5, the 

effective resolution results of this method are more than 

20.5, with the maximum value of 22.6, and the minimum 

value is 20.8. The maximum value of   is 0.018. the 

minimum is 0.002. The results show that the proposed 

method has good noise reduction performance, because 

the digital filter bank is used to separate the interference 

signals of the optical fiber communication laser interface, 

which can decompose the signal spectrum into several 

adjacent frequency band signals or combine several 

signals into a new signal by using low-pass, band-pass 

and high-pass filters. The decomposition process is 

completed in the analysis division of the filter group, and 

the synthesis process is completed in the comprehensive 

part of the filter group. The uniform m channel filter 

group is composed of low pass band and high pass filter, 

the bandwidth of each filter is equal, the center frequency 

point is evenly distributed, so it is reliable to complete the 

interference signal separation, so as to ensure the good 

interference signal filtration effect. 

3.5. Communication quality test 

In this paper, the communication effect of the optical 

fiber network in the communication process is measured, 

and the range of the three indexes is [-0.5, 4.5]、[0, 

1]、[0, 1] respectively. The larger the first two indicators 

indicates that the better the signal communication, the 

better the communication effect is, the better the quality 

of the signal communication is, while the smaller the last 

indicator indicates that the better the quality of the signal 

is, the better the quality of the communication is. The 

results of the three indicators are shown in Table 2, in the 

case of different noise resolution. 

Table 2. Test results of speech quality, intelligibility 
and distortion of output signal 

Noise 

signal-to-

disturbance 

ratio /dB 

Voice 

quality 
intelligibility 

The distortion 

degree of 

25 4.22 0.955 0.015 

20 4.34 0.962 0.017 

15 4.47 0.965 0.009 

10 4.24 0.967 0.011 

5 4.16 0.977 0.014 

0 4.33 0.984 0.008 

-5 4.48 0.957 0.013 

-10 4.5 0.974 0.019 

-15 4.29 0.986 0.022 

-20 4.38 0.973 0.004 

-25 4.46 0.969 0.008 

 

After the analysis of the test results in Table 2, it can 

be concluded that the speech quality, intelligibility and 

distortion of the signal have different changes after the 

application of the proposed method under different SNR. 

Among them, the speech quality index results are all 

above 4.0 and close to the maximum limit of the value to 

a large extent. The intelligibility values are all above 0.94, 

and the highest value is 0.986. The results of distortion 

degree are all below 0.025, and the minimum value is 

0.004. The results show that the proposed method has 

good applicability, effectively reduces the signal noise 

interference of optical fiber network laser interface, and 

ensures the communication quality of the network. 

Because the digital quadrature filtering method and the 

least square algorithm can effectively separate and 

process the denoised signal. Thus, the communication 

quality is effectively improved. 
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3.6. Bit error rate test 

In order to verify the filtering effect of the proposed 

method on laser interface interference signals, the bit-

error rate is used as a measurement standard to test the 

bit-error rate results of the proposed method in the 

transmission process under different signal lengths, and 

the application standard is lower than 0.001. The test 

results are shown in Table 3. 

Table 3. Test results of bit error rate 

The length 

of the 

signal/bit 

Signal to noise ratio /dB 

10 20 30 

100 0.0072 0.0047 0.0087 

200 0.0055 0.0022 0.0095 

300 0.0061 0.0008 0.0055 

400 0.0059 0.0011 0.0047 

500 0.0011 0.0019 0.0033 

600 0.0023 0.0034 0.0016 

700 0.0006 0.0022 0.0009 

800 0.0019 0.0008 0.0011 

900 0.0017 0.0011 0.0006 

100 0.0024 0.0033 0.0037 

1100 0.0025 0.0024 0.0051 

 

After the analysis of the test results in Table 3, it can 

be concluded that under different communication signal 

lengths, with the gradual increase of optical signal-to-

noise ratio, the communication bit error rate results of the 

signal are all below 0.001. When the communication 

signal length is 1100, the maximum bit error rate results 

are 0.0095, and the minimum bit error rate results are 

0.0006. Therefore, the proposed method can reliably 

complete the laser interface interference signal filtering of 

optical fiber communication network, and reduce the 

noise in the signal, and effectively separate the 

interference signal to ensure the communication effect of 

the network. 

3.7. Pseudo-bit rate test 

In order to further measure the application effect of the 

proposed method, the pseudo-code rate is adopted as the 

measurement standard (the application requirement is less 

than 0.003) to test the change result of the pseudo-code 

rate of the proposed method with the gradual increase of 

the communication length under different communication 

distances, as shown in Table 4. 

After analyzing the test results in Table 4, it can be 

concluded that: Under different communication signal 

lengths, with the gradual increase of communication 

distance, it can still maintain good communication effect. 

The pseudo-rate results in the signal are all lower than the 

application standard of 0.003. When the communication 

distance is 100km, the highest value of pseudo-rate results 

is 0.0027, and the minimum value is 0.0011. When the 

communication distance is 10km, the highest pseudo-code 

rate result is 0.0014, and the minimum result is 0.0004. 

The longer the communication distance, the 

communication quality of the network communication 

process will be slightly affected after interference, but the 

proposed method can still ensure the communication 

effect at a long distance, and the application effect is 

good. 

Table 4. Pseudo-code rate test results of optical fiber 
network communication 

The 

communication 

distance /km 

The length of the signal /bit 

5 15 25 

10 0.0004 0.0009 0.0014 

20 0.0005 0.0011 0.0016 

30 0.0006 0.0012 0.0015 

40 0.0005 0.0014 0.0017 

50 0.0007 0.0011 0.0016 

60 0.0008 0.0012 0.0015 

70 0.0007 0.0015 0.0019 

80 0.001 0.0017 0.0022 

90 0.0009 0.0016 0.0021 

100 0.0011 0.0019 0.0027 

4. Conclusion 

Fiber laser communication is widely used in secure 

communication and military satellite communication 

because of its large bandwidth and low transmission bit 

error rate. However, the laser interface in optical fiber 

communication is easily affected by electromagnetic 

radiation and medium disturbance in data output 

transmission control, resulting in signal interference and 

distortion. 

Therefore, this paper studies the digital filtering 

technology of optical fiber communication laser interface 

interference signal filtering method, laser interface 

interference signal in optical fiber communication is 

effectively filtered. This method through the wavelet 

transform method to implement signal noise reduction, 

highlight the signal characteristics. On this basis, a double 

filter design method is adopted to improve the output anti-

interference ability of optical fiber communication, and 

the interference signal is separated, so as to complete the 

filtering of such signals, improve the fidelity of 

communication, and reduce the output bit error rate of 

optical fiber communication. The test results show that 

signal communication of optical fiber communication 

network, the intelligibility value is above 0.94. The 

highest value is 0.986. The distortion results are all below 

0.025, with the minimum value of 0.004. The results of 

the communication bit error rate are all below 0.001, 

which ensures the communication quality of the network. 

And the interference signal separation effect is good, can 
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reliably separate the interference signal in the signal to 

ensure the communication quality of optical fiber 

communication network, the application effect is good. 

 The next work will be the recognition in laser 

communication network. The method in this paper 

separates and processes the denoised signals, which 

effectively reduces the crosstalk between the signals in 

the channel, thereby reducing the pseudo-code rate. In 

order to further improve the optimal design of the 

interference signal of optical fiber communication, it is 

also necessary to deeply study the reliability of the 

positioning result of the interference signal, so as to 

improve the quality of optical fiber communication. 
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