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Abstract: Chinese herbal medicine (CHM) samples defiled, extraction of microscopic images, collection site light not
equal and images collected uneven illumination point which can make the acquisition of CHM microscopic images sub-
ject to different unfavorable factors. Those often make microscopic images of CHM become blurred or introduce noise. In
this paper, some restoration methods for the microscopic images of CHM using the total variation (TV) model are put
forward. Firstly, the microscopic images of CHM are blurred utilizing the two dimensional different Gaussian convolution
kernels and different Gauss white noise are added, and then the damaged images are restored by using the improved TV
model. The TV restoration results are compared with the results using Wiener filtering, median filtering method etc. The
theoretical analysis and experimental results show that the novel method is effectively able to restore image, and maintain

the image detail information.
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1. INTRODUCTION

Chinese Herbal Medicine (CHM) is the traditional na-
tional industry in China, a novel type of industry and the
unique important component of Chinese medicine economy
rapidly developed in 21* century. This brings various good
opportunities to the traditional Chinese medicine with all
sorts of variation in modern domestic and international med-
ical market. The trend of the development of medical market
today, also form the severe transformation. The fake shoddy,
degradation and other factors of CHM can affect the clinical
curative effect and its quality, so distinction, identification
and control of Chinese herbal medicine are very important
research topics in the modern medical field. The traditional
CHM distinction mainly relies on subjective experience to
judge, which can cause a lot of false recognition rate. Mod-
ern chemical and physical identification of CHM utilize spe-
cialized test and analysis equipments. These will lead to the
high cost of testing and the complex operations [1]. The test-
ing and identification of CHM using the modern information
technology is the new direction [2]. The modern identifica-
tion, testing and recognition of CHM based on the technolo-
gy of the image signal processing are one of the advanced
methods used in the IT field.

Image restoration is an important role of the image pro-
cessing. The purpose of image restoration is to improve the
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image quality. The observed image is usually the degrada-
tion image under factors of the noise, fuzzy, sports transla-
tion [3]. The classic image restoration process is based on
prior knowledge to build an image degradation model, and
then a variety of the degradation processing methods are
adopted to make the image quality improved. From the
maintained image edge structures, this paper uses the idea of
regularization to restore CHM image. The sample carrying
equipment, prolonged exposure and movement of the mi-
croscopy devices can make motion blur, atmospheric or de-
focusing motion, and processing of the noise, would cause
the degradation of the microscopic image in the process ac-
quisition. Therefore, the image degradation should be recov-
ered before understanding and analysis of image. Firstly, the
CHM microscopic images are obtained utilizing the micro-
scope, and then the total variation (TV) model [4] is used in
the image restoration processing.

2. THE TV MODEL OF IMAGE RESTORATION

2.1. Image Restoration Problem Description

Image restoration refers to that the original of the ideal
image is restored based on the recorded degraded images and
a prior knowledge of degraded system. The key of the image
restoration processing is to establish the model of degrada-
tion and restoration [5, 6].

Fig. (1) shows the block diagram of image. Image resto-
ration is a process of prediction and estimation, the system
parameter H will be estimated from the given degraded
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Fig. (1). Image degradation and restoration.

image g(x, y), and then f(x,y) will be approximately re-
stored. That is the original image f(x, y) effect by the point

spread function (PSF) of degraded image model, the degrad-
ed system J , and then the result of the additive noise func-

tion n(x, y)is the sum of the image g(x,y), the u(x,y)is
the estimated value of the original image which is estimated
using image restoration algorithm ho (x,y) through the orig-
inal polluted image and portion PSF information, it ap-
proaches the possibility of the clear original image.

The mathematical expression of the degradation image
model can be written:

g(x,y)=f(x,y)*J +n(x,y) )

g(x, y)is a degraded image, f(x,y)is an original image,

h,(x,y)is the PSF of the image degradation model, n(x, y)

3T

is not related to noise and image, denotes the convolu-

tion in expression (1).
The Fourier transform form of the image degradation
model can be expressed as follows:

G(u,v)=F(u,v)J(u,v)+N(u,v) 2)

Where G(u,v) , F(u,v) , J(u,v)and N(u,v)are g(x,y),
f(x,y), J(x,y)and n(x,y) frequency domain representa-
tion respectively. The point spread function J(x, y) is addi-
tive, consistent, linear and position invariant in a degraded
system. Therefore, at present there are some image restora-
tion methods, such as inverse filtering, Weiener and least
square. The starting point of wiener deconvolution filter the-
ory is to make the output image and the ideal image of the
minimum mean square error (MSE) [7]; it can be expressed
as follows:

E{hy=E{(f -u)’} =E{(f —h*(J* [ +n))’} ©)

And the least square method constitutes as a functional
variation problem, and makes the equation (4) minimum.

E) = [[|Vu [ dQ+ Af[| b, xu=u, [ dQ )

Ais Lagrange multiplier.

There is some variation in the above methods and tradi-
tional image restoration method. On the whole, the effect is
often not satisfactory. Especially for the strong noise, obvi-
ous ringing, residual noise and blur is retained in the output
image.

2.2. Image Restoration Problem Description

Actually, the abrupt change or the edge of an image is its
inherent characteristics. The punishment for large gradient
will be particularly emphasized if using J.| Vu |2 as measure
of smoothness. Rudin, Osher and Fatime [8] first proposed
the measure of image smoothness with J.\ Vu | based on the

above factors, which created a new image restoration method,
the total variation image restoration method.

When using | Vi |instead of |Vu | in equation (4), the

energy functional of image restoration is generated based on
TV.

E(u) =j|vu | dQ+ A[h, *u—u, P dQ (5)

The model of the total variation image restoration is
formed using the Euler-Lagrange equation; it can be ex-
pressed as follows:

Vu
Ah ¥ (b, *u—u )—div| — |=0 6
d ( d 0) (|VM |) ( )
Equation (6) would result in the ill-conditioned PDE be-
cause the pixel points with Vu = 0 exist in the image. Equa-
tion (6) can be regularized if a small integer ¢ is introduced
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in the total variation, the TV can be written as the following
form:

TV(u) = [[|Vul, dQ=”4/uf+ui+adxdy, a>0 (7
Q Q

Then
A, *hy *u—uy) —div| 4 |=0 ®)
| Vul,
Solution of this equation by the gradient descent method,
du Vu
—=div —Ah, *(h, *u—u 9
ot [|Vu|a] a7 o) ©

Solution of the u is finally restored image.

TV the iterative restoration equations are a kind of aniso-
tropic diffusion process. In fact, the slower speed of iteration
should be used in the image features’ obvious region, and
iterative restoration speed should be accelerated in the region
where the image characteristic is not obvious. But the diffu-
sion efficiency is low when the single anisotropic diffusion
process is used in TV model [9]. In addition, the factor

diV(V%VM |) can be decomposed into only to spread in the

direction of gradient orthogonal Vu under the local coordi-
nate system. Therefore, TV model diffuses all along the edge
direction on the whole image, which shows different ideas
along the direction of the different diffusion coefficient.
Usually, the edge direction is not real in flat areas of the im-
age. It would lead to insufficient noise suppression, even the
false edge, and the staircase effect in the plain area will still
spread only in the edge direction.

In fact, the diffusion velocity of TV restoration model is
larger, but it is still only along with the direction of the gra-
dient orthogonal spread when the pixel change is small in the
(x, y) neighborhood. In this case, the (x,y) neighborhood

does not contain complex image information; fully isotropic
heat diffusion equation can be used.

In summary, a combination of the anisotropic and the
isotropic nonlinear diffusion equation is put forward, which
can use different restoration equation in different regions.

u 1

M_ Ay, Gy <K
ot GV( “) Ve

) 1 o (10)
u . u

EZG_V(C“V[ Vul, ]_% *(hy *u=uy)), Gy 2K

Gy =Ju’ +u’ is the image gradient modulus value at
point (x, y), and K is the image restoration threshold, which
can be set according to different images.

The solution of this model can make sure the edges of the
image are maintained, and also speed up to restore image in
the smooth area.

Qing et al.

3. CALCULATION METHOD AND PROCESS

The diffusion operator diV(V%VM |) is discretized using

any difference method. Then u = (u,,u,)= (V%Vu ‘) , its
divergence is approximation for:

ou, du
Vu=—+—-2
ox dy

Then equation (10) is simplified using Gauss-Jacobi iter-
ation algorithm.

(1D

On image diffusion iterations, firstly, a threshold is taken
and the old pixels are substituted by the new calculated pixel
values. When the difference of the old and the new image
pixel values is less than the given threshold, then iteration is
stopped. Then it is applied to a new pixel values instead of
corresponding pixels, until all the pixels are processed. Fi-
nally, the image restoration is finished.

The calculation of image restoration process is as follows:
(1) The contaminated image is read and normalized.

(2) The eight neighborhood of the reference point is se-
lected; the pixel values and its gradient value from that point
are calculated. Then the corresponding iterative equation is
selected by comparing with the threshold value.

(3) The new pixel value is calculated according to the
simplified equation (10), and the value of pixel value instead
of the original image.

(4) The difference between the two iterations of pixel
values before and after is determined. The iteration is
stopped if the difference is less than a fixed value, or contin-
ues to iterate.

4. EXPERIMENTAL RESULTS AND ANALYSIS

Many different Chinese traditional medicine microscopic
images are blurred by two dimensional Gaussian convolu-
tions kernels and added Gauss white noise. In this experi-
ment, section diagram of Radices sileris, organization chart
of Fructus galangae, skin cells figure of Schisandra chinen-
sis and many other different microscopic images of Chinese
herbal medicine were blurred by two dimensional Gaussian
convolution kernels, polluted by different Gauss white noise,
and then restored using the TV model. The chosen parame-
ters Ar=0.1,A=1.5 of the TV model were used in the ex-
periment. At last, the experimental results were compared
with the other filters: (a) is the original image, (b) is the im-
age blurred by the different convolution and Gauss noise
variance, (c) is the restored image using the median filtering,
(d) is wiener filtering restored image and (e) is restored im-
age using the proposed TV algorithm in Fig. (2), Fig. (3) and
Fig. (4).

From the experimental results it can be seen that the me-
dian filtering image to the convolution is blurring due to
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Fig. (2). Restoration results of different algorithms to Radices sileris microscopic image affected by the different blurred convolution kernels
and the noise variance. (a) Original image; (b) The image is blurred by the convolution kernels for 7 and the noise variance for 3; (¢) Median
filtering; (d) Wiener filtering; (e) TV model restoration.

(a)

Fig. (3). Contd...
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(e)

Fig. (3). Restoration results of different algorithms to Fructus galangae microscopic image affected by the different blurred convolution ker-
nels and the noise variance. (a) Original image; (b) The image is blurred by the convolution kernels for 7 and the noise variance for 3; (c)
Median filtering; (d) Wiener filtering; (e) TV model restoration.

Fig. (4). Contd...
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Fig. (4). Restoration results of different algorithms to Schisandra chinensis microscopic image affected by the different blurred convolution
kernels and the noise variance. (a) Original image; (b) The image is blurred by the convolution kernels for 7 and the noise variance for 3; (¢)
Median filtering; (d) Wiener filtering; (e) TV model restoration.
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Gauss white noise pollution. Although the noise filtering
capability is strong, yet it can lead to fuzzy image edge de-
tails, reducing noise removal performance. Wiener filtering
recovery to protect the edges of the image is poor. So the
wiener filtering recovery is not good at dealing with the con-
vokernellution kernel image blur and Gauss noise pollution.
But the image restoration using the TV model has the dual
effect of denoising and to blur. In short, the recovery image
and the original image are put in a very big difference using
the other two methods, and TV model is compared with the
original image that is close to the results of recovery.

CONCLUSION

In this paper, an improved total variation model of image
restoration is presented according to the characteristics of the
microscopic images of CHM. The microscopic images of
CHM are blurred using the two dimensional different Gauss-
ian convolution kernels and contaminated by the different
Gauss white noise; the damaged images are restored by uti-
lizing the improved TV model. Image restoration technology
of TV model is a kind of ideal recovery method, which pro-
vides a good reference for image restoration following the
image processing.
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