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ABSTRACT   

Microarray technology has become a power tool in the 
field of bioinformatics. It is used to measure gene 
expression levels and similar to any other image 
capturing processes is prone to noise. There are 
different kinds of noise, during preparation, 
hybridization and scanning in microarray images which 
usually are modeled by Gaussian noise. Since 
introduction of wavelets in 1970s, many more forms 
and extensions of this transform have been developed 
and used, such as stationary wavelet transform (SWT), 
complex wavelet transform (CWT), curvelet transform 
(CURV) and contourlet transform (CNT). By 
developing of more sparse transforms, it is important to 
have a perspective of how efficient the transforms are in 
different applications, such as microarray image 
analysis. In this paper, we compare the efficiency of 
common sparse transforms including ordinary discrete 
wavelet transform (DWT), SWT, CWT, CURV, CNT, 
Contourlet-SD decomposition, steerable pyramid (STP) 
and shearlet transform (SHR) for microarray image 
denoising. Therefore after converting microarray image 
into x-let transform, BayesShrink method, soft and hard 
thresholding are used to perform denoising of these 
images. Both local and general thresholds are calculated 
for each subband in order to evaluate the effect of 
incorporating intrascale dependency on top of sparsity 
property in statistical modeling of x-let's coefficients. 
Our simulation results show that CWT and SHR 
outperforms the others when using global thresholding 
and SWT is the preferred transform when using local 
thresholding. Although STP and SHR have better 
performance for some criteria like structural similarity 
(SSIM) index, but CWT is faster. 

 Keywords: microarray, denoising, x-let, transform, 
wavelet 

1. INTRODUCTION  
Microarray technology has become a powerful tool in 
the field of bioinformatics. It is used to simultaneously 
measure gene expression levels of thousands of genes 
and provide comprehensive genetic analysis of an 
organism or sample [1]. Due to the correlation of gene 
expression patterns and functions [2], this technology 
can provide valuable information for treatment of 
diseases such as cancer [3]. 

DNA arrays are two-dimensional substrates that 
different sequences of nucleotides are immobilized as 
spots on them in a certain pattern. Depending on their 
physical characteristics (such as diameters, density, 
etc.), these arrays are categorized into two categories: 
macro and micro arrays. Macroarrays are typically up to 
22 cm long and carry approximately 1200 spots on each 
substrate. Microarrays however, are only a few 
centimeters in length and have the density of 
approximately 100,000 spots/cm2 [1]. 

A typical Complementary DNA (cDNA) experiment 
consists of three main steps. In these experiments the 
goal is to determine the gene activity in two conditions: 
treatment and control [4]. The first step is preparing the 
samples which includes converting Messenger RNA to 
cDNA and labeling them with fluorescent dyes. Green 
Cy3 dye is used to mark the control and red Cy5 is used 
to mark the treatment sample. The next step is mixing 
these labeled samples and applying the mixture to the 
array for hybridization. The third step is to use scanners 
to obtain two scans of the microarray. One for each of 
the red and green channel. These images are then 
postporcessed, gene expression levels are calculated 
and analyzed [1,5,6]. 

These experiments, like any other, are prone to noise. 
Measurement of gene expression levels can be 
influenced by the noise introduced to the data during 
the preparation, hybridization and scanning phase. 
Additive or multiplicative Gaussian [7], poisson [8] and 
exponential [9] noise models have been used to describe 
the noise which affects microarray images and since 
non-additive Gaussian and other distributions here can 
be remodeled as Gaussian noise, in this study only 
Gaussian distribution is used to model the noise [4]. 

Reduction of noise, as in any other field, is of great 
importance in microarray technology. There have been 
studies regarding denoising microarray images, such as 
this work [10], in which the authors have used nonlinear 
filtering based on robust order statistics to remove noise 
from the image. Also in this study [11], a component 
based approach for reduction of noise in microarray 
images is proposed. In many works, the authors have 
used sparse transforms, e.g. Stationary Wavelet 
Transform (SWT) for removal of noise. For instance, in 
[12] denoising is done by smoothing the wavelet 
coefficients of the image. The authors of this study [13] 
used SWT, followed by thresholding to achieve the goal 
of enhancing microarray images by denoising. Similarly 
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Table 2. Results of using hard thresholding. 

Global Thresholding 
IPSNR = 34.15 IPSNR = 28.12 IPSNR =22.11 IPSNR = 17.25 

PSNR SSIM EPI PSNR SSIM EPI PSNR SSIM EPI PSNR SSIM EPI 
DWT 38.457 0.930 0.944 33.050 0.857 0.839 29.343 0.805 0.706 27.178 0.769 0.543 
SWT 27.876 0.836 0.769 27.316 0.803 0.694 26.597 0.768 0.628 25.874 0.723 0.535 
CWT 38.627 0.932 0.946 33.887 0.870 0.867 31.281 0.830 0.811 29.267 0.799 0.696 
CNT 38.465 0.930 0.944 33.186 0.860 0.840 29.567 0.808 0.673 27.164 0.769 0.438 

CNTSD 36.883 0.802 0.944 31.635 0.633 0.842 28.652 0.548 0.697 27.243 0.507 0.530 
CURV 38.584 0.929 0.946 33.943 0.858 0.867 31.284 0.783 0.811 28.506 0.676 0.617 
STY 38.584 0.933 0.945 33.787 0.873 0.861 31.113 0.833 0.786 29.369 0.806 0.659 
SHR 38.577 0.932 0.946 33.843 0.870 0.862 31.485 0.836 0.801 29.097 0.801 0.643 

Local Thresholding 
IPSNR = 34.15 IPSNR = 28.12 IPSNR =22.11 IPSNR = 17.25 

PSNR SSIM EPI PSNR SSIM EPI PSNR SSIM EPI PSNR SSIM EPI 
DWT 40.811 0.994 0.968 35.898 0.982 0.916 31.286 0.950 0.806 27.902 0.898 0.654 
SWT 44.361 0.995 0.985 39.828 0.984 0.963 35.562 0.955 0.916 32.287 0.899 0.842 
CWT 43.590 0.993 0.983 38.981 0.979 0.959 34.690 0.947 0.905 31.546 0.902 0.828 
CNT 38.103 0.987 0.935 33.345 0.963 0.840 29.099 0.911 0.668 26.263 0.848 0.456 

CNTSD 38.356 0.991 0.937 33.824 0.974 0.850 29.935 0.936 0.694 27.576 0.885 0.517 
CURV 40.906 0.993 0.970 36.416 0.982 0.927 32.293 0.954 0.841 29.346 0.909 0.734 
STY 42.391 0.996 0.976 37.906 0.989 0.940 33.716 0.971 0.863 30.666 0.940 0.752 
SHR 41.196 0.995 0.967 37.233 0.988 0.927 33.597 0.971 0.854 30.964 0.941 0.769 

 

The local variance for local threshold is found using a 
3×3 sliding window on the noiseless image and the 
general threshold is calculated by taking the whole 
subband into account. 

2.4 Reconstruction and evaluating 

In the final stage, the images are reconstructed using the 
new coefficients. 

Different image quality indexes including PSNR, SSIM, 
and EPI were used to determine the efficiency of each 
transform. PSNR is a common and well known quality 
index which can be calculated in the following manner: 

 PSNR ൌ 10. ଵ଴ሺெ஺௑೔మெௌா݃݋݈ ሻ (2) 

which MSE is the Mean Squared Error and ܣܯ ூܺ is the 
maximum possible pixel value of the image. 

SSIM is an index which shows structural similarities 
between two images and is found by the equation 
below. SSIM ൌ ሺଶ௦ҧ௦ ෝഥା ଶ.ହହሻሺଶఙೞೞො ା ଻.଺ହሻሺ௦ҧమ ା ௦̂ҧమ ା ଶ.ହହሻሺఙೞ మ ା ఙೞො మା଻.଺ହሻ  (3) 
where ݏ̂ ,ݏ are the original and denoised images, 
respectively. ݏҧ Shows the mean of ݏ, and ߪ௦௦̂ represents 
the covariance between ݏ and ̂ݏ. 

EPI is an index used to measure edge preservation, that 
is, the more edges are preserved during the denoising 
process, the higher the index will be. EPI is measured 
using the following equation. EPI ൌ  ∑ሺ∆௦ି ∆௦തതതሻሺ∆௦̂ି ∆௦̂തതതሻට∑ሺ∆௦ି ∆௦തതതሻమ ∑ሺ∆௦̂ି ∆௦̂തതതሻమ  (4) 

In the equation above, ∆ݏ is the highpass filtered ݏ 
using the discrete Laplacian operator (a 3×3 pixel 
standard approximation) [17]. 

3.  RESULTS 
The results can be seen in Table 2 and 3, followed by 
examples of the cropped original image, noisy image 
and denoised image at the end of the paper (Figure 2). 
The maximum value of each column is highlighted. 

As it can be seen from the results, while using hard 
thresholding and global threshold, CWT, SHR and STP 
seem to perform better than the others in terms of 
denoising. Using a local threshold the efficiency of 
SWT increases and makes it more successful in 
reducing noise. 

In the case of soft thresholding using general threshold, 
CWT appears to be a better choice according to PSNR 
and EPI, but considering SSIM, STP has better 
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performance than the rest. When local threshold is used 
however, SWT outperforms the rest. 

4. CONCLUSION AND FUTURE WORK 
In this paper, different transformations for denoising 
microarray images are evaluated/measured. According 
to our results, when using a global threshold, the PSNR 
and EPI of the output image for complex wavelet 
transform are the best. However, the STP and SHR 
have higher values for SSIM. As for the local threshold, 
the stationary wavelet transform was found to be the 
most effective.  

For future works, the current comparison scheme can be 
extended to include the impact of the thresholding 
method on the results. It would be helpful if different 
methods finding the threshold were used. Moreover, 
because of the structure of these images, their histogram 
–either in pixel or transform domain- is predictable and 
by taking advantage of an efficient Bayesian estimator 
more effective noise reduction can be obtained. 
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Figure 2. Example of original, noisy and denoised images, IPSNR = 17.25, Soft thresholding is applied. 
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