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Abstract: Aiming at the problems of laser image segmentation, this paper proposes an improved 
neural network laser image segmentation algorithm. The traditional BP neural network algorithm is 
improved. The paper discusses the principle of this method and also focuses on the specific process. 
In order to verify the correctness and effectiveness of the method, a series of comparative tests were 
conducted. The test results show that compared with the traditional laser image segmentation 
method, the method used in the paper has been greatly improved in both segmentation accuracy and 
segmentation efficiency. 

1. Introduction  
With the rapid development of laser technology, laser technology is widely used in image 

segmentation. The acquisition of the laser image is greatly affected by the surrounding environment, 
so the captured image cannot be used normally. Thus, it is necessary to segment and find the areas 
and information needed. [1] At present, many scholars have conducted in-depth research on the 
problem of laser image segmentation and have achieved corresponding results. The most widely 
used method is the threshold segmentation method. This method mainly determines the threshold 
according to the different characteristics of the gray values in different regions, and finally realizes 
separating the target region from the background region. However, in practice, it is found that this 
method will lead to blurs in the edge of each region, which is unclear. This requires optimization of 
this segmentation method. The particle swarm algorithm and the artificial bee colony algorithm are 
used for improvement, but the effect is not good. [2] Using BP neural network to optimize this 
method can improve the segmentation accuracy of laser image to some extent, but this method also 
has a problem, that is, BP neural network parameters cannot be reasonably optimized. [3] 

In order to solve these problems, the paper proposes a laser image segmentation method based 
on improved neural network. This method mainly uses the particle swarm optimization algorithm to 
optimize the parameters reasonably, which not only can greatly speed up the learning speed, but 
also can greatly provide high efficiency. [4] 

2. The Process of Segmenting Improved BP Neural Network Laser Image 

 
Figure 1 The Process of Segmenting a Laser Image 
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The process of laser image segmentation is shown in Figure 1. The process of segmentation is 
mainly carried out in 7 steps. 

It can be seen from Figure 1 that the process of segmentation is mainly carried out in seven steps. 

3. Denoising of Laser Images 
3.1 Wavelet Analysis 

In practice, it is found that there are many kinds of noise in the laser image, and these noises are 
mixed together, so noise reduction is necessary and complicated. [5] The effect of wavelet analysis 
on noise reduction is very obvious, and the noise in the laser image can be largely eliminated.  
Suppose f(x)∈L2(R) is a function, and its associated wavelet transform can be expressed as: 
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In formula (1), a refers to the scale parameter, b refers to the location parameter, ψ(x) is a 
wavelet master function, the specific definition can be expressed as: 
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Therefore, in the frequency domain of wavelet analysis: 

   )()( *
, ωψωψ ω aea i
ba

−=             (3) 

It can be seen from equation (3) that if |a| and the time domain width relationship are linearly 
increasing, then the relationship with the frequency domain width is just the reverse. [6] 

3.2 Laser Image Denoising Based on Wavelet Analysis 
The process of denoising is very complicated. In principle, it is actually a filtering process.  If 

pjf∈Vj is a laser image signal to be denoised, then: 
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Denoising is mainly carried out in three steps: 
The first step is to select the wavelet and calculate the hierarchical M analysis of the wavelet 

decomposition. [7] In this way, the M layer decomposition can be completed on the image y(t).  
In the second step, the correct threshold is determined, and the high-frequency coefficients of 

each layer need to be analyzed. This paper selects the soft threshold function, which can be 
expressed as: 
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In formula (5), X̂ refers to processed wavelet coefficients, t refers to the threshold, and γ refers 
to the variance. 

The third step is to perform wavelet reconstruction on the high frequency coefficients of each 
layer, so that denoising can be achieved well.  

4. Laser Image Segmentation based on Improved Neural Network 
Suppose k is a random sample, the output is expressed with {xk}, the input is expressed with {tk}, 

and the input of the hidden layer of the BP neural network can be expressed as: 
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In formula (6), wpj refers to the connection weight, θp refers to the threshold of the hidden layer.s 
The output can be expressed as: 
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The output node error can be expressed as: 
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Assuming that the sample is not trained, the total training error can be expressed as: 
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The total training error of the BP neural network output node can be expressed as: 
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In formula (10), oj
k is the expected value. 

The training error of the hidden layer can be expressed as: 
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The weight and threshold correction can be expressed as: 
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In formula (14), )(kη  refers to the learning speed. 
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In formula (15), )(kλ refers to momentum factor. 
The specific segmentation is performed in seven steps: 
In the first step, the laser image is collected by the acquisition device and then converted into a 

grayscale image. [8] In order to further improve the image conversion rate, the image needs to be 
normalized.  

In the second step, the image is denoised by wavelet analysis, the purpose is to remove the 
useless information and retain useful information. 

The third step is to initialize the parameters of the neural network.  
In the fourth step, the characteristics of the laser image are extracted at this step, and the settings 

are also normalized. 
In the fifth step, the BP neural network is the learning environment, and the training samples of 

the laser image need to be set into this environment. At the same time, it needs to be optimized by 
particle swarm optimization.  

In the sixth step, the realization of the optimal neural network for laser image segmentation must 
meet a condition that the accuracy of the laser image segmentation model must meet the 
requirements.  

In the seventh step, the sample of the laser image is experimentally obtained through the 
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obtained optimal neural network, and the final result is obtained. 

5. Test Result and Conclusion 
5.1 Test Results 

In order to verify the correctness of the method, the article compares the two aspects with the 
traditional methods, one is the segmentation precision, and the other is the segmentation time. The 
results of the test are shown in Figures 2 and 3. 

 
Figure 2 Segmentation accuracy comparison test result  Figure3 Split time comparison test result 

It can be seen from Figure 2 that regardless of the presence or absence of noise in the image, the 
method discussed in this paper has the highest accuracy. 

It can be seen from Figure 3 that no matter whether there is noise in the image, the method 
described in this paper takes the shortest time and the highest efficiency compared with the 
traditional method. 

5.2 Conclusion 
In the field of image segmentation, laser image segmentation is very complicated, and 

conventional laser image segmentation methods also have such problems. This paper proposes an 
improved neural network laser image segmentation algorithm for such problems. The paper 
discusses the principles and processes of this method and conducts scientific comparative tests. It 
can be seen from the test results that the segmentation method not only has high cutting precision, 
but also requires a short cutting time, and the efficiency is greatly improved compared with the 
conventional method. 
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