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ABSTRACT

The paper presents a genetic algorithm based on wavelet threshold medical image denoising method. Theoretically
analyses the principle of wavelet threshold denoising, the improved threshold function is proposed. Using genetic
algorithm combined with clustering histogram of the image information are used to get the optimal threshold, the
calculation without a priori information, such as noise variance and improve search efficiency. Experimental results
show that with the ordinary wavelet threshold demising method, this method can improve the visual effect of medical
image after denoising, improve the peak signal to noise ratio.
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INTRODUCTION

Noise is an important factor that can influence icedimage’s quality. Medical images are suscegtitdl noise
affect in the process of processing and transmissiause the loss of image contrast, details bloen the diseased
tissue and normal tissue attenuation coefficiemery small, the doctor will not be able to distigh the rush of the
interested lesions, thus influence the diagnosisfilgring out the inside of the the signal noigeting a clear
image becoming a doctor’s very concerned. In thstieg image denoising methods, the wavelet transfbas
good multi-resolution characteristic, has been weidely used in image processing [1-5]. At preseatple on the
research of the wavelet threshold denoising mettmaéhly concentrated in two aspects: the deternonatf
threshold functions and threshold. Common denoisiethods in determining the threshold value islyazensider
characteristic of the image itself. As a resultsthenethods has a lot limitations, cannot achieealidenoising
effect [6-9]. Genetic algorithm (based AlgorithnSA) is a simulation of evolutionary biological eutibn
mechanism of swarm intelligence algorithms. It fong implicit parallel and global searching ahiliin
combinatorial optimization, engineering control gradtern recognition, and other fields has beerelyidsed.

In order to improve the quality of image enhancetntiis paper puts forward a kind of medical imagmoising
algorithm based on genetic algorithm. This algaonitmproves the traditional threshold functions, thrproved
threshold function has advantages of soft and Haekholding function, and to a certain extent,roemes their
defects. Threshold algorithm fully concern the eleteristics of the image itself, it can accordiodtte image itself
of the histogram feature adaptive adjustment, ttainbideal denoising effect, so as to achieve thgp@se of
enhancing image quality. Compared with ordinary eVat thresholding method, this method can imprdwe t
image’s visual effect after denoising, improve pleak signal to noise ratio.

THE TRADITIONAL METHOD OF WAVELET THRESHOLD DENOISING

Signal energy in wavelet is concentrated in a Behinumber of wavelet coefficients, and the eneigiridution of
noise in the wavelet domain. Assuming that obs@magignal is as follows:
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Among them, is the real signa is the Gaussian white noise whose varianceZis,
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obediencé\I 0o ) N is the length of the signal. Because the wavebnsform has linear properties, the

observation signal after discrete wavelet transfdiva wavelet coefficients ¥ is composed of two parts, one

part is real signal s(k) corresponding wavelet coeﬁ|C|ent§N5(J’k), recorded as 1K, another is

n(k) (1.k)

. . - V.
noise corresponding wavelet coefﬂmer% , recorded as 1¥[2].

The wavelet threshold denoising method can be éividto the following three steps:

1) Noisy signal f(k) for discrete wavelet transform to obtain a sevatelet coefficients” /+¢ ;

A

Wik = uj,/fH

2) Threshold processing 0¥V1'k, and estimate the wavelet coefficients, %, and make

as small
as possible. There are two commonly used threghalttion:
Soft threshold:
sign(w; , )(w; | = A)-++|w; | = A
W]-’k =
O-~-‘ijk‘ </
2)(
Hard threshold:
i Wj,k""Wj,k‘Z/‘
ik =
O~--‘Wj’k‘ <A
(3)

A

Formula, Vikis the original of decomposition of the wavelet fficeents, ~ ¥ is after processing of the wavelet
coefficients, sign is the symbol functior'f,I is the threshold.

3) Useing the estimated wavelet!** inverse transformation of wavelet coefficientsiraated signal, F(k) is
the denoising signal after.

In the wavelet threshold denoising method, the rmopbrtant is the selection of threshold functiansl threshold.

IMPROVED ALGORITHM
The improved threshold function
Soft threshold and hard threshold function has édely used in practice, and achieved good dengisifect, But

soft thresholding wavelet coefficients % obtained though the estimated overall continuitygi®d, make the

. . . ILij‘Z/] W, W, )
signal does not produce an estimated additionatkshd@ut when " , U and 1*there is always the
fixed deviation, caused certain information loskigh frequency, lead to the edge of the image; blard threshold
method in mean square error sense better tharoththeeshold method, but because of the hard tiatdsfunction

in the place of/] discontinuity, the estimated signal will generatigiional volatility, on the edge of the rich
information of the image will produce many "artiit' noise points, resulting in images appear Jiglistortion
such as ringing, pseudo GibbS effect. In ordervercome the shortcoming of soft threshold and hardshold
method, combining with the advantages of the twad&iof methods, in this paper, the threshold foncis
improved, the improved threshold function suchyas t(4):
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Improved threshold function type, WheL, 1k vk , when I 7k 2 Tk Ik overcome

A <lw, , |<A W.
the fixed bias in soft threshold function, whert ‘ J'k‘ 2 the between 0 and ¥, overcome the
discontinuity of the hard threshold function. THere, the improved threshold function can has betenoising

effect than soft threshold function and hard thoésgHfunction [3].

Threshold optimization based on genetic algorithm and the information of gray histogram

In the process of image denoising, the thresholecten is very important of using the technolodywavelet
denoising threshold, can determine the final imadgeoising effect. If the threshold value is togérthe filtered
noise, also maybe detailed information may beréltesignal, resulting in excessive signhal smootlaind the noise
threshold is too small will be kept, reach the s of denoising.

In a typical image de-noising algorithm is basecttom statistical properties of the wavelet coefintiis simple to
estimate wavelet threshold shrinkage and study.cléssical threshold is: the unity of Donoho thaddh

A =0oy2In(¥) , T s the gaussian noise intensity. In fact, noiserisity is unknown. The classical threshold is
based on a common statistical characteristics, aghrinkage is the best threshold limit, butsitniot the best
threshold shrinkage.

Genetic algorithm learned from Darwin's theory wblation and Mendel genetic theory, its essenca ksnd of
efficient, parallel and global searching methodutomatically acquire and accumulate in the prooésgarch from
the knowledge space, and adaptive control for agtiselution search process. Genetic algorithm feorset of
randomly generated initial solution (group) begasearch the evolving, called genetic. Geneticrélgm is mainly
realized through crossover and mutation, selectialtulation. Crossover or mutation operation toegate the next
generation of chromosomes, called the offspringe $tand or fall of chromosome measured by fitn8s¢ect a
certain number of individuals from the previous g&tion and future generations in accordance \Withstze of the
fitness, as the next generation of group, and ttaminue to evolve, so after several generatiofggrishms
converge to the best chromosome, get the optimslilboptimal solution of the problem[4].

Genetic algorithm is a global a global contractagorithms are strong, and clustering algorithma i®cal search
ability are strong. Combine the two methods, ib@ind to get good clustering effect, improve thevesgence
speed.

Threshold optimization based on genetic clusteailggrithm and the general steps can be describ&dlews[5]:

(1) The input image histogram information operagiolmitialize the algorithm to obtain the clustericenter of the
image, taking the number of clusters.

(2) The initial population size, chromosome binancoding, crossover rate and mutation rate, tred tatmber of
iterations and the number of the current.

(3)Crossover and mutation operations.

(4) According to the function to conduct approiassessment.

(5) Select from the result .

(6)To judge whether meet the termination conditighsatisfied, output the optimal threshold, ttorstep (7); If not
satisfied, the current iteration number plus 1n tior step (3).

(7) Proceeds from the optimal threshold for imageaising.

(8)Output the image after denoising.

ANALYSISOF THE EXPERIMENT RESULT
Based on MATLAB7.0 environment, apply traditionalftsand hard threshold function, as well as imptbve
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threshold function to do denoising experiments eetipely with a brain mri image of size 256*256.€TBelected
threshold is the unified Donoho threshold and thenaal threshold. Table 1 is the comparison of d&ing results
of PSNR between the improved threshold function tredoriginal soft and hard threshold function wdtifferent
noise variance. Table 2 and figure 2 is the corspariof denoising results between the unified Donibineshold
and the optimal threshold with the same noise wada

Table 1. Improved threshold function compared with soft and hard thresholding function PSNR (unit: dB)

Noise variance  Soft threshold function  Hard thrégtienction Improved threshold function

16 20.52 21.63 23.20
18 18.89 20.66 22.30
20 19.31 20.08 21.41
24 18.30 18.89 20.04

Table 2. Uniform threshold and optimum threshold denoising results of PSNR (unit: dB)

Noise variance Soft threshold function  Hard thrégifionction  Improved threshold function
Donoho threshold 19.31 20.08 21.41
Optimum threshold 19.99 21.10 23.24

(® ®
(a) Soft threshold function Donoho threshold
(b) Soft threshold function optimization threshold
(c) Hard threshold function Donoho threshold
(d) Hard threshold function optimization threshold
(€) Improved threshold function Donoho threshold
(f) Improved threshold function optimization threshold

Figure 2. various threshold denoising effect and threshold function

Through the data in table 1, it can be seen dempiBiISNRof the improved threshold functions is obsig
enhanced compared with the original soft and harelshold function. The lower the variance of nassehe more
obvious the effect of the improved algorithm. Ttghiuthe data in table 2, it can be seen that usiagoptimized
threshold of genetic algorithm and histogram infaftion, signal to noise ratio is higher comparechwitiditional
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unified Donoho threshold denoising. Furthermoregah be seen from figure 2, the denoising visutdcefof
improved threshold functions and threshold has alsly good denoising performance compared withittoadhl
wavelet threshold, as nuclear magnetic image vatlsgian white noise can be clearly restored totiginal image,
the details of fuzzy in soft threshold function dising and edge information Gibbs phenomenon od tiareshold
function has improvement of different degrees. blesithe improvement of threshold functions an@shold in this
paper can get satisfactory effect, it is an effectinethod for estimating wavelet coefficients, confing to the
requirements of the reality of denoising.

CONCLUSION

Due to the better time-frequency characteristizvafelet and the frequency distribution charactesstf noise and
useful signals, wavelet has good advantage in irdageising. According to the basic principle of wkt threshold
denoising, the traditional threshold functions ianproved in this paper, the improved threshold fioms have both
advantages of soft and hard threshold functionthéumore the respective defects of soft and hasshold function
are made up to a certain extent by the new imprduadtion. Using genetic algorithm combined witlustering

histogram of the image information, the optimalettitold is gained without a priori knowledge abdw toise

variance, also the search efficiency is enhantexn be seen from the results of simulation expent, the method
applied in this pater is better than the traditiomavelet and denoising method, as visual effect signal to noise
ratio are superior after image denoising, meanttrshows that the improved threshold functions #mdshold has
validity and superiority in medical image denoisagywell as a good application prospect.
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