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Abstract: Microscopic image enhancement is an important issue of image processing technique, which is used 
to improve the visual quality of image. This paper describes a novel multi resolution image segmentation 
algorithm for low DOF images. The algorithm is designed to separate a sharply focused object of interest from 
other foreground or background objects. The algorithm is fully automatic in that all parameters are image in 
dependent. A multiscale-approach based on high frequency wavelet coefficients and their statistics is used to 
perform context dependent classification of individual blocks of the image. Compared with the state of the art 
algorithms, this new algorithm provides better accuracy at higher speed. Copyright © 2014 IFSA Publishing, S. 
L. 
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1. Introduction 

 

With the development of science and technology, 
micro-imaging technology continues to improve, 
have been widely used materials, metallurgy, 
pharmaceutical, biological, chemical, food and other 
fields of scientific research and engineering practice, 
the role of microscopic images increasingly more 
important, fine structure studies have become an 
important research direction [1] However, electron 
microscope images taken of various factors 
susceptible to the fallout of the decline in image 
quality, visual effect is not good, so the need for 
these image enhancement processing.  

Thus, the study on enhancement has always been 
being one of the main contents in image processing 
field [2]. However, the traditional image 
enhancement algorithms based on histogram have 
several shortcomings.  

1) The information carried by gray levels is 
inconsistent with its statistic data in conventional 
histogram. 

2) The conventional histogram equalization has 
not made full use of the visual sensitive regions in the 
process of gray level adjustment. 

3) The parameters cannot be optimized on and 
configured adaptively in view of the variability of the 
image content. To cope with these problems, the 
relative detailed work can be concluded as follows. 
First, to overcome the drawback of conventional 
histogram, a novel histogram construction method 
has been proposed based on visual attention 
mechanism. Both the quantity and space distribution 
are considered in the statistic process of gray  
levels [3]. The importance of gray levels in different 
positions can be calculated by using the comput-
ational model of visual attention mechanism. 
Meanwhile, the statistic results are weighted 
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according to the importance of every pixel. The new 
histogram method could reflect the influence of the 
gray levels on the image information objectively [4]. 

Second, in order to consider the nonlinear 
character of visual perception in the process of gray 
level adjustment fully, it has been raised that different 
amounts of gray level information are distributed to 
different visual sensitive regions [5]. The region with 
high sensitivity should be allocated more 
information. And the main gray levels are 
constrained by using the perception ability curve of 
human eyes, avoiding them occupying large space in 
the expanding process of histogram.  

Digital image processing image enhancement is 
an important part of technology, which aims to 
improve image quality, outstanding features of 
interest, strengthen the image recognition results and 
to meet some of the special analysis. A wavelet-based 
image contrast enhancement algorithm is proposed to 
avoid over-enhancement of noise while enhancing 
contrast of the image with good visual effect. 
Commonly used gray-scale image enhancement 
methods transform, histogram equalization, wavelet 
transform, homomorphism filtering, Laplacian 
filtering, and on this basis the various improved 
algorithms, these methods have their own advantages 
and disadvantages for some specific images. For 
some of the simpler image, typically using certain 
traditional methods can be enhanced to meet the 
requirement, but the image enhancement for a 
particular task may require a range of complementary 
enhancement technology [6]. As an ideal image 
enhancement technology not only enhance the image 
of the local contrast, but also enhance the overall 
image contrast, and not only enhance the image of 
the edge or contour information, but also highlight 
the image of the internal details of the overall 
improvement of visual Many researchers practice 
shows that the comprehensive use of various image 
enhancement methods are available to better results, 
but for low-contrast microscopic image enhancement 
research is still relatively small, this uses kinds of 
enhancement techniques for low-contrast 
microscopic image, image enhancement, for the 
follow-up research and analysis of microscopic 
image processes foundation. 

In order to manage the large volumes of digital 
images automatically, various image retrieval 
techniques, especially image automatically 
annotation algorithms, draw a lot of attentions in 
recent years. Aiming at handling the problem of 
multiple annotations and “semantic gap” of images, 
this paper investigates how to utilize multiple visual 
descriptors to improve the performance of 
automatically image annotation [7]. 

Scanning electron microscope images often 
appear in imaging the phenomenon of low image 
contrast, we propose a multi-technology integration 
based on the contrast microscopic image 
enhancement. The method of the image of the high 
frequency and low frequency components are 
separated to avoid the increased image noise, while 

also strengthening, combined with Sobel operator, 
LoG operator and improved contrast limited adaptive 
histogram equalization method to realize low contrast 
microscopic image enhancement [8]. Experimental 
results and data show that this method is highlighted 
with the image edges and details, to expand the 
dynamic grayscale range of the image, increasing 
image contrast and entropy, with good visual effects, 
for the follow-up of microscopic image analysis and 
identification of the foundation. 

 
 

2. Method and Implementation 
 

The traditional image enhancement algorithm in 
enhancing the image of the image is enhanced while 
the noise signal, resulting in decrease of information 
entropy [9]. In order to get better, low-contrast 
microscopic images of visual effects, highlight the 
risk profile and details of the information, reduce 
noise impact, this paper, a variety of complementary 
image enhancement technology processing target 
image, that is, the original image morphological 
gradient transforms Sobel to get edge image p (x, y), 
then LoG filter on the original image to obtain the 
high frequency transform image q (x, y), with a 
median filter to its filtering noise, according to the 
difference between original image and the high-
frequency image value at relatively low frequency 
image with improved contrast limited adaptive 
histogram equalization of the low-frequency images 
are enhanced by low-frequency-enhanced images 
g (x, y). Finally, after three images processed, such as 
type 1 show to a certain percentage of the weighted 
sum of enhanced image F (x, y) (1): 

 

),(),(),(),( yxgyxqyxpyxF   , (1) 
 

Then α, β and γ for the linear weighted 
superposition coefficients, which represent the edge 
information and the details of the low frequency 
components in enhancing the proportion of the 
image. Low-contrast microscopic image 
enhancement method shown in Fig. 1.  

 
 

 
 

Fig. 1. Low-contrast microscopic image enhancement 
method flow chart. 
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2.1. Sobel Gradient Transformation 
 

Image gradient value shows the significant 
changes of image gray value, it can be seen as two-
dimensional discrete image function, image gradient 
is in fact the two-dimensional discrete function for 
the partial derivatives [10]:  
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For digital images, you can use first-order 

difference instead of first-order differential, discrete 
approximation of the way is to process continuous 
pixel differential along lines and columns of the 
image. Among them, the line gradient defined 
formula is: 

 
)1,(),(),(  yxFyxFyxGR  (3) 

 
Column gradient defined formula is:  
 

),1(),(),( yxFyxFyxGC   (4) 
 
Demand gradient, the sum of square operation 

and the square root operation can be the absolute 
value of the sum of two components of rows and 
columns, i.e.: 

 
|),(||),(|),( yxGyxGyxG CR   (5) 

 
Method of calculating the gradient, Sobel gradient 

transform results were better able to highlight the 
good image edge contour information, its horizontal 
and vertical image space using the template of two 
directions (as shown in Fig. 2) and the images were 
adjacent field convolution to complete.  

 
 

 
 

(a) Horizontal gradient template. 
 

 
 

(b) Vertical gradient template. 
 

Fig. 2. Sobel operator. 

These two directions templates test horizontal and 
vertical edge, the elements of the template are 
corresponding to weighting factor for each pixel. 
Sobel gradient transform calculation is simple and 
fast, it can get smooth, continuous gradient edge, the 
microscopic image of the Sobel gradient transform 
results as shown in Fig. 3. 

 
 

 
 

(a) Microscope image of wheat. 
 

 
 

(b) Sobel gradient transformation. 
 

Fig. 3. Effect diagram of microscopic image  
of the Sobel gradient transform. 

 
 

2.2. Laplace Gaussian Filter  
 

Sobel operator to better highlight the edge 
information, while the LoG operator can be better to 
highlight the image of the small details [11]. Gauss 
Laplace (Laplace of Gaussian, LoG) is the result of 
the image convolution by Laplacian and Gaussian 
operator, which made by Marr-Hildreth, is the second 
derivative algorithm which has function of both 
images smoothness and details enhancement, that is, 
it smoothed the image to eliminate noise with 
convolution of two-dimensional Gaussian function 
firstly and then enhanced image detail with two-
dimensional Laplace function which smoothed the 
image. 

Based on the shape of Gaussian function to select 
the template weights, Gaussian filtering is a linear 
smoothing filter, the mathematical expression of two-
dimensional Gaussian function is [12]  
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Among them, σ is a standard deviation of 
Gaussian function, can be used to adjust the scale 
filter. Two-dimensional Gaussian function has 
rotational symmetry, its smoothness in all directions 
is the same level.  

Laplacian is a differential operator ( 2 ), if the 
image function f (x, y), enhances the image filtered 
by Gaussian with Laplacian operator, then get image 
filtered by log. The expression is [13]: 
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Among them, LoG filter is the operator. 
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LoG filter on the microscopic image 

transformation shown in Fig. 4.  
 
 

 
 

Fig. 4. LoG filter transformation effect diagram. 
 
 
2.3. The Low-frequency Image Enhancement  
 
2.3.1. Image Frequency 
 

For an image, background region and the gray 
part of the slow change represent low frequency 
components of the image, it contains most of the gray 
scale information, the factor which affect the overall 
visual effect of the image is the low frequency 
components of the image generally, while the edge of 
the image, details and noise represent high frequency 
of images, if the entire image will be enhanced with 
the corresponding image noise amplification, so we 
will deal with the high frequency and low frequency 
components of the image separately, the value of 
high-frequency component after median filter overlay 
with the enhanced low frequency components, it is 
the purpose to enhance the whole low-contrast SEM 
images [14].  

If the original image is f (x, y), then the low 
frequency components image fl (x, y) and the high 
frequency components image fh (x, y), the relation of 
the three can be expressed as [15]: 

 
),(),(),( yxfyxfyxf hl 

 (8) 

High frequency components image fh (x, y) 
obtained by the LoG filter transformation, subtracted 
high-frequency image from original image and the 
result is low-frequency image: 
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(9) 
 
Among them, 0 ≤ A ≤ 1, coefficient A can be 

adjusted according to the image. 
 
 

2.3.2. Contrast Limited Adaptive Histogram 
Equalization  

 
Histogram equalization (HE) is a classic common 

and effective image enhancement method, based on 
probability theory, through equalization processing it 
adjust grayscale distribution to increase image 
contrast, and improve the visual effects of the image 
[16]. The main advantage of this algorithm is able to 
automatically enhance the image contrast, then the 
disadvantage is that specific enhancement effect is 
not easy to control, gray might be too much of the 
merger, the image level is reduced, the image 
appeared too dark or too light enhancement. Local 
histogram equalization using a sliding window from 
left to right, top to bottom, and each window carries 
on the local histogram equalization, and thus 
complete the whole image of the grayscale 
enhancement [17]. Local histogram equalization to 
achieve a relatively small area of enhancement, is 
better than histogram equalization, but it considered 
only the local region of pixels, the computation is 
big, and is quite sensitive to the noise.  

Contrast limited adaptive histogram equalization 
(CLAHE) is a method between the histogram 
equalization and local histogram equalization [18]. It 
is divided into a number of non-overlapping image 
regions, all regions of the image histogram 
equalization to do, at last, the difference method 
using the bilinear combination of adjacent areas to 
eliminate the artificially created border. The method 
uses a small window to better highlight the region's 
local characteristics of the image, to prevent 
excessive increase of the phenomenon of the image, 
taking into account the window and the window 
outside the histogram, and enhance good effects. 
However, SEM images of low contrast gray value for 
the general low level is not obvious, limited adaptive 
histogram equalization contrast to its enhanced effect 
is not very satisfactory [19]. This paper, a contrast to 
the limited adaptive histogram equalization method 
based on improved low-frequency low-contrast 
image enhancement, the method first used the 
traditional method of image enhancement CLAHE, 
then equidistant histogram to adjust grayscale range 
stretching further.  

Equidistant histogram stretching is to stretch 
image contrast with the linear gray scale transform, if 
the gray scale range of the original image is [a, b], 
then equidistantly transform it to gray [c, d], the 
transform relationship expression is [20]: 
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According to the expression (10), the images after 

linear gray-scale transformation can achieved 
equidistant histogram stretch, as shown in Fig. 5. 

 
 

 
 

(a) Linear gray scale transformation. 
 

 
 

(b) Equidistant histogram stretching. 
 

Fig. 5. Relationship diagram of equidistant  
histogram stretching. 

 
 
The steps of improved contrast limited histogram 

equalization are:  
step 1: the image is divided into n non-

overlapping window areas;  
step 2: Calculate the histogram of each sub-

region, and its doing histogram equalization;  
step 3: Combine adjacent area with bilinear 

difference to get the new gray scale image;  
step 4: Calculate the effective gray scale range  

[a, b] of the histogram;  
step 5: According to equation (10) histogram 

equidistant extending applied to image [21].  
 
 

3. Results and Analysis  
 

Applied to wheat grain cross section of this paper, 
simulate its low-contrast electron microscope 
scanning microscope image, implement image 
enhancement with MATLAB according to the 
process of Fig. 1, the results compare with histogram 
equalization, wavelet enhancement, homomorphic 
filtering and other traditional image enhancement, 
Fig. 6 shows several enhancement effect comparison 
diagram and histogram of the low-contrast 
microscopic image [22].  

As can be seen from Fig. 6, the original image 
contrast is low, gray distribution concentrated in a 
small range over the image histogram equalization 
method of enhancing the phenomenon occurs, 
resulting in some fine details. Wavelet filter 
enhancement and with the state to some extent 
increase the contrast, but the image is not clear, 
layering, limited adaptive histogram equalization 
compared the effect of slightly better than the 
previous method, the downside is that the image 
Pianan, contrast yet to be enhanced [23]. Using this 
approach to get the image clear, moderate brightness, 
good contrast, highlights the edges and details, to 
obtain a good enhancement.  

In order to objectively evaluate enhancement of 
the low contrast microscopic image of the enhanced 
performance, this paper, the image mean, standard 
deviation, mean contrast and entropy of four 
performance indicators as an evaluation parameter. 
Mean is the average of gray, reflecting the overall 
image brightness situation; mean square that is the 
image gray value of the mean square error, reflecting 
the dynamic range of image gray values; the average 
contrast of the standard deviation, without loss of 
image information cases, the average contrast ratio 
the greater the visual effect is better; information 
entropy describes how much the amount of 
information contained in images, images, information 
entropy can reflect the image of details of  
the capacity. 

Table 1 shows the original image and Fig. 6, the 
results of the quantitative data of several enhanced. 
As can be seen that although the histogram 
equalization method has greater contrast and dynamic 
range of gray value, while decreased entropy. 
Wavelet enhancement, filtering and CLAHE with 
state SEM images of low contrast enhancement effect 
of the latter than the former, this method achieved the 
best results. 

 
 

4. Conclusions 
 
Microscopic images in imaging and other reasons 

deviation occurs because the edge of focus fuzzy, 
low-level contrast images obvious problems, the 
traditional histogram equalization, homomorphic 
filtering wavelet enhancement and methods of SEM 
images of low contrast enhancement has some 
limitations sex. In this paper highlight the edge 
information Sobel gradient transform, Laplace 
transform using the Gaussian outstanding image 
detail, contrast with the improved limited adaptive 
histogram equalization method is relatively low-
frequency image enhancement processing, and 
finally, the merger of the three treatment images 
obtained with image enhancement. Experimental 
results show that the method has good low-contrast 
microscopic image enhancement effect is conducive 
to the subsequent image analysis and feature 
extraction work.  
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(a) Original image. 
 

 
(b) HE. 

 

 
(c) wavelet enhanced. 

 

 
 

(d) Homomorphic Filtering. 
 

 
(e) CLAHE. 

 

 
(f) Proposed method. 

 

  
 

(g) The original image histogram. 
 

 
(h) HE histogram. 

 

 
(i) Wavelet enhanced histogram. 

 

   

 
(j) Homomorphic filter (k) histogram. 

 

 
(k) CLAHE histogram. 

 

 
(l) Histogram of this paper 

 
Fig. 6. Several low-contrast microscopic image enhancement comparison chart and histogram. 

 
 

Table 1. Comparison of different algorithms enhanced. 
 

Index Artwork HE Wavelet enhanced Homomorphic filtering CLAHE This method 
Mean 69.77 127.61 139.55 140.75 103.48 133.20 
MSE 26.39 191.43 52.26 58.92 85.64 118.96 
Average 
contrast 

10.35 75.07 20.49 23.11 33.59 46.65 

Entropy 5.36 5.17 6.34 6.52 7.05 7.26 
 



Sensors & Transducers, Vol. 163 , Issue 1, January 2014, pp. 96-102 

 102

Acknowledgment 
 
Supported by Foundation Sciences Henan 

University of Technology and Zhengzhou Science 
Depart (20111166). 
 
 
References 
 
[1]. Xuan Peng Ge, Au Chun-Juan, Ouyang Chun, Zhu 

Bing, Multidirectional one-dimensional wavelet 
transform microscope image denoising, Computer 
Engineering аnd Applications (China), 43, 12, 2007, 
pp. 31-33.  

[2]. Shi Mei-Hong, Zhang Jun-Ying, Li Yonggang, Wu 
Deming, A new low-contrast image enhancement 
method, Computer Applications (China), 1, 2005,  
pp. 235-238.  

[3]. C. C. Leung, K. S. Chan, H. M. Chan, W. K. Tsui,  
A new approach for image enhancement applied to 
low-contrast - low-illumination IC and document 
images, Pattern Recognition Letters, 26, 6, 2005,  
pp. 769-778.  

[4]. Cheung Yin Hung, Houde Wen, Based on wavelet 
frequency and the second balanced image 
enhancement algorithm, Computer Applications and 
Software (China), 24, 11, 2007, pp. 159-161.  

[5]. Yuan Lihong, Ma Xiaoyan, Yang Yong, Gu Xin 
Chao, Container X-ray image enhancement 
technique, Computer Applications, (China), 30, 1, 
2010, pp. 44-46, 49.  

[6]. Shen Kuan, Cai Yufang, Ray image enhancement 
algorithm based on wavelet fusion, Computer 
Applications (China), 26, 8, 2009, pp. 3137-3139.  

[7]. Chang D. C., Wu W. R., Image contrast enhancement 
based on a histogram transformation of local standard 
deviation, IEEE Trans Medical Imaging, 17, 4, 1998, 
pp. 518-531. 

[8]. Kim J. Y., Kim L. S., An advanced contrast 
enhancement using partially overlapped sub-block 
histogram equalization, IEEE Trans Circuits and 
Video Technology, 11, 4, 2001, pp. 475-484. 

[9]. Wu Ying-Qian, Shi Peng-Fei, Approach in image 
contrast enhancement based on wavelet transform, 
Infrared and Laser Engineering, (China), 32, 1, 
2003, pp. 4-6. 

[10]. Kim J. Y., Kim L. S., Hwang S. H., An advanced 
contrast enhancement using partially overlapped sub-
block histogram equalization, IEEE Transactions on 
Circuits and Systems for Video Technology, 11, 4, 
2001, pp. 475-477. 

[11]. Caselles V., Lisani J. L., Morel J. M., et al., Shape 
preserving local histogram modification, IEEE 
Transactions on Image Processing, 8, 2, 1999,  
pp. 220-230. 

[12]. Crouse M. S., Nowak R. D., Baraniuk R. G., 
Wavelet-based statistical signal processing using 
hidden Markov models, IEEE Transactions on Signal 
Processing, 46, 4, 1998, pp. 886-902.  

[13]. Strela V., Heller P. N., Strang G., et al., The 
application of multiwavelet filterbanks to image 
processing, IEEE Transactions on Image Processing, 
8, 4, 1999, pp. 548-563. 

[14]. Weickert J., Coherencenhancing diffusion filtering, 
International Journal of Computer Vision, 13, 2, 
1999, pp. 111-127. 

[15]. Eric Dahai Cheng, Disjoint Camera Track Matching 
Based on an Illumination-Tolerant Major Color 
Spectrum Representation Algorithm, International 
Journal of Signal and Imaging Systems Engineering 
(IJSISE), V1, 3/4, 2008, pp. 168-184. 

[16]. J. Li and R. M. Gray, Context-Based Multiscale 
Classification of Images, in Proceedings of the  IEEE 
Int'l Conf. on Image Processing, Oct. 1998. 

[17]. J. Li, J. Z. Wang, G. Wiederhold, IRM: Integrated 
Region Matching for Image Retrieval, in 
Proceedings of the ACM Multimedia Conference, 
Oct. 2000. 

[18]. W. Y. Ma, B. S. Manjunath, Edge Flow: A 
Framework of Boundary Detection and Image 
Segmentation, in Proceedings of the IEEE Computer 
Society Conference on Computer Vision and Pattern 
Recognition, 1997, pp. 744-749. 

[19]. J. Shi, J. Malik, Normalized Cuts and Image 
Segmentation, in Proceedings of the IEEE Computer 
Society Conference on Computer Vision and Pattern 
Recognition, 1997, pp. 731-737. 

[20]. M. Subbarao, T. Yuan, J.-K. Tyan, Integration of 
Defocus and Focus Analysis with Stereo for 3D 
Shape Recovery, Three-Dimensional Imaging and 
Laser-Based Systems for Metrology and Inspection 
III, Oct. 1997, pp. 14-15. 

[21]. D.-M. Tsai, H.-J. Wang, Segmenting Focused 
Objects in Complex Visual Images, Pattern 
Recognition Letters, 19, 10, Aug. 1998, pp. 929-940. 

[22]. J. Z. Wang, G. Wiederhold, O. Firschein, X. W. Sha, 
Content-Based Image Indexing and Searching Using 
Daubechies' Wavelets, Int'l J. Digital Libraries, 1, 4, 
1998, pp. 311-328. 

[23]. J. Z. Wang, J. Li, D. Chan, G. Wiederhold, 
Semantics-Sensitive Retrieval for Digital Picture 
Libraries, D-LIB Magazine, 5, 11, Nov. 1999, 
http://www.dlib.org 

 

___________________ 
 
 
 
 
 
 
 
 
 
 

2014 Copyright ©, International Frequency Sensor Association (IFSA) Publishing, S. L. All rights reserved. 
(http://www.sensorsportal.com) 
 


