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Abstract. The objective of this work was to investigate the segmentation capability of Gaussian Mixture Models 
(GMMs) on microarray images, using wavelet based image enhancement techniques. A Simulated Microarray 
image of 200 spots was produced using a Microarray Scan Simulator. The image was pre-processed using 3 
different daub4 wavelet based filters, developed in MATLAB. The detail coefficients of the wavelet transform 
were processed up to scale 3 using Hard, Soft and Sigmoidal Thresholding.  An automatic gridding process was 
developed and applied on the preprocessed microarray image with the purpose of identifying the spots. The 
GMMs algorithm was then applied to each spot in order to discriminate foreground from background. The 
segmentation capability of the GMMs was evaluated by calculating the segmentation matching factor for each 
spot. Optimal segmentation results were obtained by pre-processing the microarray image by all the wavelet-
based filters. Wavelet based preprocessing was found to improve the GMMs segmentability, in discriminating 
the spot’s foreground from background. 
 

1 INTRODUCTION 

Microarray imaging is used for the identification of thousands of genes simultaneously in the field of 
bioinformatics [1]. Gene identification is closely associated with spot identification. By locating the spot in a 
complementary DNA (cDNA) microarray, measurements of the mean fluorescence intensity value are obtained. 
These measurements are related to the abundance of the messenger RNA (mRNA).   

For the task of measuring spot intensity values, three major steps are taken [1,2]: First, the gridding step, 
where the exact location of each spot is located. Second, the segmentation step, in which foreground and 
background recognition of each spots is accomplished, and, finally, the intensity extraction step, where the mean 
fluorescence value is calculated for each spot.  

In the past, several algorithms and software packets have been developed for the task of processing of 
microarray images [3, 4, 5, 6, 7]. In the ScanAlyze [3] packet, a fixed circle segmentation method is used, where 
all spots are considered circular with a fixed predefined radius. In the GenePix [4] packet, an adaptive circle 
segmentation technique is employed. In that method, the radius of each spot is suitably. In the Spot [6] packet, 
an adaptive shape segmentation technique is followed. The most representative algorithms employed for that 
technique are watershed [8] and seeded region growing [9]. In the ImaGene [7] packet, a histogram based 
segmentation method is applied, in which the 80th and 95th percentiles contribute to the calculation of the mean 
intensity value. In all those techniques, the major disadvantages are either that spots are not circular, or a-priori 
knowledge of the precise position of centers is not accurately defined [10].  

In the present study, a Gaussian Mixture Model clustering algorithm [11] was developed in MATLAB@. 
Microarray images were firstly pre-processed using three different types of wavelet based noise suppression 
filters. Evaluation of the results was achieved by calculating the segmentation matching factor.  
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2 MATERIALS AND METHODS 

2.1 Material 

On complementary DNA (cDNA) Microarray experiments [12], two messenger RNA (mRNA) samples are 
first reverse transcripted into cDNA. Next, the two samples are labeled using two different fluorescence dyers, 
Cyanine Cy3 (red channel) and Cy5 (green channel) respectively. The two samples are hybridized [1] and after 
the scanning procedure, two colored fluorescence Tagged Image File Format (TIFF) images are produced for 
each channel [1]. The whole procedure is illustrated in Figure 1.  

 

 
Figure 1. Hybridization of cDNA Microarray images. [13] 

 
The fluorescence intensity value of each spot is related to the expression abundance of the corresponding 

DNA sequence. In the present study, a microarray image of 200 spots (16-bit colored TIFF image) was created 
using the Microarray Scan Simulator [14]. 

2.3 Wavelet-based filters 

The wavelet-based enhancement involves three steps [15, 16, 17, 18, 19]. In the first step, the DAUB4 DWT 
(Discrete Wavelet Transform) [18] was applied in two scales. In the second step, the detail coefficients of the 
DWT were processed in both scales, using in each occasion one of the three different enhancement functions 
illustrated in sections 2.3.1 to 2.3.3. In the final step, the processed mammograms were reconstructed using the 
Inverse DWT (IDWT) [18].  

2.3.1 Soft -Threshold Function (STF). 

In the STF [20, 21, 22 and 23], the multi-scale coefficients of the DWT were modified according to equation 
3.  
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were Wout denotes the output and Win the input coefficient values of the Detail Matrix. T and G are threshold 
and gain values respectively. 
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Figure 2: Simple Piece-Wise Linear Mapping Function 

2.3.2 Hard-Threshold Function (HTF). 

HTF is illustrated in equation 4 and figure 3 respectively.  
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Figure 3: Hard-Threshold Function unction 

 
2.3.3 Sigmoidal non-Linear Enhancement (SNLEF) Function. 
 

In the SNLEF filter, wavelet coefficients in between the threshold value |T| were modified according to a 
sigmoid function illustrated in equation 5 and figure 4. 

( )( ) ( )( )out in inW a sigm G W T sigm G W T⎡ ⎤= − − − +⎣ ⎦   

1
( (1 )) ( (1 ))

a
sigm G T sigm G T

=
− − − +

 (4) 

ye
ysigm −+

=
1

1)(
 

 

Wout denotes the output coefficients, Win are the input coefficients and parameters T and G control the threshold 
and the gain respectively.  

 
Figure 4: Sigmoidal non-Linear Enhancement Function 
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2.4 Evaluation. 
 

The accuracy of segmentation was numerically calculated by using the segmentation matching factor 
(Equation 5) [24].     

100calc real

calc real

A Aaccuracy
A A

∩
= ×

∪  
Equation 5 

where Acalc is the area of the spot as determined by the proposed algorithm and Areal is the actual spot area. A 
perfect match is indicated by a 100% score, any score higher than 50% indicates reasonable segmentation [24] 
while a score of less than 50% indicates poor segmentation [24].  

3 RESULTS AND DISCUSSION  

 According to our results, the wavelet-based filters were found to assist the GMM’s accuracy by delineating 
spots sharper. Significant results of the Red (R) channel are illustrated in Table 1. 
 

Original 
Cells 

Actual 
Boundaries 

Without 
preprocess 

Preprocessed 
with STF 

Preprocessed 
with HTF 

Preprocessed 
with SNLEF 

      
spot 1 Accuracy: 87.6033 97.5207 97.5207 98.3471 

      
spot 2 Accuracy: 95.8678 98.3471 98.3471 98.3471 

      
spot 3 Accuracy: 91.7355 97.5207 97.5207 98.3471 

      
spot 4 Accuracy: 95.8678 95.8678 95.8678 94.2149 

      
spot 5 Accuracy: 89.2562 99.1736 99.1736 99.1736 

      
spot 6 Accuracy: 95.0413 96.6942 95.8678 97.5207 

Table 1: Comparative results for 6 different spots for the R channel. The first column indicates the simulated 
spot, the second column indicates the actual boundaries of the spot and the third, forth, and fifth columns present 
the results of the GMM with no wavelet-based preprocessing, GMM preprocessed with STF, GMM 
preprocessed with HTF, GMM preprocessed with SNLEF, as well as, the corresponding matching factors. 
   
  It is clear that in cases where the foreground intensity is close to the background, wavelet preprocessing 
was found to boost the GMM algorithm. For instance, the accuracy achieved by the GMM with no 
preprocessing in spot 1, in Table 1, was 87.6033%. However, by preprocessing the image by the SNLEF, the 
accuracy of the GMM was 98,347%. Similar results were obtained by using the STF and HTF on the same spot 
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(97.52%). 
 

4 CONCLUSIONS 

Wavelet-based filters performance was found to enhance microarray images, by increasing the ability of 
GMM to discriminate foreground from background. Processing time using the wavelet-based filter was less than 
3 seconds for 512x512 sample images. The addressing stage, as well as the segmentation process of the 200 
spots was less than 10 seconds.  
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