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The cellular neural networks (CNN) are composed of many cell units which are 

the local connection. Each cell is consisting of linear and nonlinear circuits. This 

structure can be realized as very large-scale integrated circuit (VLSI), which can be 

used in large-scale parallel computing. Therefore, the cellular neural networks can be 

applied to solve the problem such as image processing, signal processing, robot and 

biological vision. It is one of the hot spots in the field of neural networks. 

This thesis mainly studies the practical problems of image processing application, 

and it uses the advantages of cellular neural networks, such as nonlinear and high-speed, 

real-time parallel computing. And then it is combined with the genetic training algorithm, 

filtering analysis, chaos theory and modern cryptography theory to solve some problems 

in image processing, which expands the application scope of cellular neural networks. 

The main research works of this thesis are as below. 

1) It reviews the basic concepts, background, development status, and hardware 

realization of the cellular neural networks, and then it analyzes the dynamic range and 

stability characteristics of the cellular neural networks and expounds the principle and 

significance of cellular neural networks for image processing. 

2) In the research on edge detection for the infrared image. It studies the principle, 

purpose, and significance of infrared image edge detection, and then compared with the 

traditional target edge detection algorithm such as the Canny algorithm for the infrared 

image. At last, it discusses using the genetic algorithm with cellular neural networks for 

infrared image edge detection. It proposes an algorithm to get the cellular neural 

networks template parameters; this algorithm is based on subpopulation genetic 

algorithm. Through the optimum design of filial populations as well as the improvement 

of the parallel genetic offspring, it overcomes the disadvantages such as premature 
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convergence of simple genetic algorithm to create template parameters, and the fitness 

function is developed by using the Lyapunov function. The experiments show that this 

improved genetic algorithm combined with cellular neural networks is used to detect 

the edge of the infrared image, which can get the edge of infrared image accurately and 

quickly. This algorithm has fast convergence speed and accurate target edge detection.  

3) The image denoising is an important research aspect in image processing, 

aiming at the contradiction between denoising and edge preserving information in the 

traditional denoising method. It first studies the noise model, the principle and the 

evaluation criteria of image denoising, then according to the characteristics of the three 

templates of cellular neural networks; it proposes an edge constraint adaptive filtering 

algorithm based on cellular neural networks for image denoising. In the process of 

designing the three templates separately in cellular neural networks, the control 

template references the advantage of spatial filtering denoising, it resembles spatial 

domain denoising filter. The feedback template sets as a matrix which generated by a 

high pass filter to achieve edge preservation. Thus, it can not only perform denoising 

but also can protect edges in an image. In the process of designing the threshold 

template, it uses the different gray levels in an image to achieve the threshold 

adjustment adaptively. The experiments show that this algorithm has best denoising 

effect for various image noise types. When comparing the edge protection effect with 

other denoising algorithms, it can protect the edge information very well. The Peak 

signal to noise ratio (PSNR) is also higher than other traditional denoising algorithms. 

This algorithm is mainly developing a new method for image denoising. 

4) The image encryption is a vital part of image transmission and an important 

guarantee to prevent the leakage of image information. It introduces the principle of 

image encryption and the method of generating hyper chaotic system based on cellular 

neural networks, then using these hyper chaotic sequences from the chaotic system for 

image encryption. The image encryption mainly includes two steps, one is changing the 

image pixel position, and the other is replacing the pixel values. This algorithm is based 

on cellular neural networks six dimensional hyper chaotic systems. The main idea of
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the algorithm is that the image encryption key is first to been input to the cellular neural 

networks system to generate six-dimensional chaotic sequences, and then encrypt the 

key by an asymmetric encryption algorithm. In the process of encryption image, firstly 

change the original image pixel positions according to the chaotic sequences, and then 

put the pixel shuffled image and the modified chaotic sequences through the XOR 

operation to replace the pixel value. Thus, it can get the final cipher image. The image 

decryption process is the reverse of the above two steps. This algorithm has two 

advantages. First, it realizes the encryption and protection of the image based on the 

hyper chaotic sequences generated by the high dimensional of cellular neural networks. 

Secondly, the key is encrypted by asymmetric encryption algorithm such as RSA 

algorithm. It can protect the key in the transmission process. The experimental results 

show that this algorithm can achieve low correlation between pixels, and its cipher 

image can also achieve high change rate of pixel ratio, high information entropy, and 

strong anti-hacking ability. Compared with other chaotic image encryption schemes, 

this algorithm has substantial practical value. 
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