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Abstract:    The novel method of improving the quality metric of protein microarray image presented in this paper reduces 
impulse noise by using an adaptive median filter that employs the switching scheme based on local statistics characters; and 
achieves the impulse detection by using the difference between the standard deviation of the pixels within the filter window 
and the current pixel of concern. It also uses a top-hat filter to correct the background variation. In order to decrease time 
consumption, the top-hat filter core is cross structure. The experimental results showed that, for a protein microarray image 
contaminated by impulse noise and with slow background variation, the new method can significantly increase the sig-
nal-to-noise ratio, correct the trends in the background, and enhance the flatness of the background and the consistency of the 
signal intensity. 
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INTRODUCTION 
 

The development of protein microarrays has 
accelerated within the past few years. Protein mi-
croarray can be widely used in diagnostics, drug 
screening and testing, disease monitoring, drug 
discovery and medical research (Jocelyn and 
Leodevico, 2002). A protein microarray is a small 
surface–for example, a microscope slide–onto 
which the protein targets are immobilized, then 
hybridized and labeled by fluorescent probes. To 
analyze the microarray, a confocal microarray 
reader uses a laser to excite the fluorophores and a 
photomultiplier tube (PMT) to detect the resulting 
fluorescence; and the system produces an image 
that shows the intensity of the fluorophores. Typi-

cally, a protein microarray image contains hundreds 
to thousands of target spots varying from tens to 
hundreds of microns in diameter. Fig.1 shows a part 
(one block, total 10 blocks) of an HCV (hepatitis C 
virus) protein microarray image obtained by our 
developing confocal microarray scanner in 10 µm 
resolution. The diameter of each spot is about 150 
µm; the image is 16 bits TIFF format. For a 25 
mm×75 mm protein microarray scanned at 10 µm 
resolution and digitized by a 16 bits A/D converter, 
the image size will be nearly 36 M bytes. 

Due to the huge amount of data, automatic 
analysis for protein microarray images has become 
indispensable (Yang et al., 2002). However, this 
has proved to be difficult due to the poor sig-
nal-to-noise ratio (SNR), impulse noise produced 
by the photomultiplier tube, large intensity varia-
tion within spots and uneven background. 

In order to eliminate the above problems and  
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improve the quality metric of the protein microar-
ray image, we use an adapted switching median 
filter to reduce the impulsive noise and a top-hat 
filter to correct the trends in background. 

 
 

NOISE REDUCTION 
 

The various types of noise in the protein mi-
croarry image can be divided into two categories: 
source noise and detector noise. Examples of source 
noise are photon noise and dust on the slides. For a 
PMT, detector noise includes dark current noise and 
shot noise.  

The background derived from the surface 
fluorescence by laser excitation is usually governed 
by the Poisson process, which can be approximated 
by a normal distribution when the arrival rate, or the 
accumulation of photons, is large enough. This 
property can be readily assessed by the histogram of 
any background region of the microarray image. 
Therefore, background noise can be simulated by a 
normal distribution (Balagurunathan and Dough-
erty, 2002). The target spots can also be modeled as 
bell-shaped Gauss distribution (Chen et al., 2002). 

To avoid the damage of good pixels in the 
protein microarray image, we use a median-based 
filter with switching scheme. Fig.2 shows a general 
framework for this kind of algorithm (Wang and 
Zhang, 1999). It detects whether the current pixel is 
contaminated at each pixel location. Then, for the 
corrupted pixels, median filtering is activated, 
while the noise-free pixels are left unaltered. Since 
not every pixel is filtered, undue distortion can be  

 
 
 
 
 
 
 
 
 

avoided. The impulse detection becomes therefore 
crucial to the subsequent filtering. 

Considering the Gauss distribution of the in-
tensity of both background and target spots in the 
protein microarray image, we propose a novel 
adaptive median filter that employs the switching 
scheme based on local statistics characters, which 
realizes the impulse detection by using the differ-
ence between the standard deviation of the pixels 
within the filter window and the current pixel of 
concern. 

Consider a window W defined in terms of the 
image coordinates symmetrically surrounding the 
current or original pixel (Chen and Wu, 2001). 

 
W={(s, t)| −h<s<h, −h<t<h}                 (1) 

 
where h denotes the window size. The output of 
median filter applied to the origin pixel Xij can be 
described as 
 

Yij = median({Xi−s,  j−t|(s,t)∈W})           (2) 
 

For current pixel Xij under consideration, we 
first define the difference dij as 

 
dij = |Yij − Xij|                          (3)                 

 
The objective of the impulse detector is to 

determine whether the current pixel is corrupted. 
The decision-making mechanism is realized by 
employing an adaptive threshold Tij 

 

ij ij ijT X kσ= +                         (4) 

 
where k is the threshold adjustment parameter, ijX  

Fig.1  One block of an HCV protein microarray image
obtained by our confocal microarray reader 
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Fig.2  A general framework of switching scheme-based
image filter 
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is the average value of pixels in window W sur-
rounding the current pixel Xij, 
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σij is the standard deviation of the pixels in window 
W surrounding the current pixel Xij, 
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For a pixel Xij, if dij≥Tij, it is regarded as an 

impulse, otherwise, the impulse detector assumes 
Xij is noise-free. So the final output of the proposed 
filter is: 
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                 (7) 

 
The window size h and threshold adjustment 

parameter k will influence the performance of the 
proposed filter. In our experiments, h=1,2,3, cor-
responding to 3×3, 5×5, 7×7 window respectively 
and k=0.5, 1, 1.5, 2 were applied. We observed that 
when h=2 and k=1, the proposed filter yielded sat-
isfactory result in removing the impulse noise of the 
image in Fig.1. The resulting image is shown in 
Fig.3. The intensity plots of the third row in Fig.1 
and Fig.3 (marked by arrow) are shown in Fig.4. 
We can see that the impulsive noise both in target 
spots and background is eliminated very well. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

BACKGROUND VARIATION CORRECTION 
 
Another problem with protein microarray 

image is that the brightness in the background 
varies; this may be caused by large area stained 
fluorescent probes or warp of the microarray slides, 
or other factors. Background variation makes 
comparison of similar features in different parts of 
an image difficult. It can be estimated using a 
morphological opening and removed by a top-hat 
filter (Yang et al., 2002; Glasbey and Ghazal, 2003). 

Let S be a structuring element which interacts 
with the protein microarray image. 

 
S={(m, n)| −L<m<L, −L<n<L}              (8) 

 
where L denotes the size of the structuring element; 
a morphological erosion operator ε and dilation δ of 

Fig.3  Protein microarray image after filtered by the
proposed filter, where h=2 and k=1 

Fig.4  Intensity plots of the third row of the images 
(a) vs Fig.1;  (b) vs Fig.3, marked by arrow 
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a digital image X with the structuring element S 
being defined as: 
 

εs(X) = min{Xi+m, j+n|(m,n)∈S}                   (9) 
δs(X) = max{Xi−m, j−n|(m,n)∈S}            (10) 

 
Erosion replaces the value of the image X at 

pixel Xij by the minimum of the values in the image 
region determined by S, whose center is Xij and size 
is (2L+1)×(2L+1); whereas dilation replaces Xij by 
the maximum of the values in the same image re-
gion. A morphological operator opening γ is de-
fined as 

 
γs (X)=δs (εs (X))                      (11) 

 
So using a structuring element which is larger 

than the target spots, first we replace each pixel by 
the minimum local intensity in the region and then 
perform a similar operation on the resulting image, 
using the local maximum, all the target spots will be 
removed and the background for the entire slide 
will be generated. Through a top-hat filter T, which 
is defined as, 

 
Ts(X) = X −γs(X)                     (12) 

 
the background trend will be corrected and the 
target spots will become more distinct. 

Because the diameters of the protein mi-
croarray spots in our experiment were about 150 µm 
and the scanning resolution of our confocal mi-
croarray reader was 10 µm, the diameter of each 
spot was about 15 pixels. We found that cross 
structure can save much processing time with only a 
little quality loss, so we choose 17×17, 21×21, and 
25×25 cross structuring elements for top-hat fil-
tering, as shown in Fig.5. The 21×21 cross structure 
is a better tradeoff because it is more steady than 
17×17 and faster than 25×25. In Fig.6, (a) is the 
background of the image in Fig.3 obtained by 
morphological opening using a 21×21 cross struc-
ture, (b) is the top-hat filtering result of the image in 
Fig.3 by a 21×21 cross structure. The intensity plots 
of the third row of the images (marked by arrow) 
are shown in Fig.7. 

QUALITY METRIC EVALUATION 
 
Considering important factors that affect the 

measurement quality of protein microarray image, 
we propose a quality metric, which includes sig-
nal-to-noise ratio (SNR) of each spot, flatness of 
background and consistency of signal intensity. 
Quality metric was discussed in some papers 
(Brown et al., 2001; Chen et al., 2002; Wang et al., 
2001), but they did not consider the influence of 
enhancing algorithm for microarray image. Here we 
evaluate the presented enhancing algorithm from 
the three aspects stated above. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.5  Cross structuring elements for top-hat filtering. 
They are 17×17, 21×21 and 25×25 from left to right re-
spectively 

  

(a) 

(b) 

Fig.6  (a) The background image obtained by morpho-
logical opening using a 21×21 cross structuring element;
(b) The top-hat filtering result after subtracting the back-
ground trend 
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Signal-to-noise ratio 

The SNR quantifies how well one can resolve 
a true signal from the noise of the system. It is clear 
that when the SNR is low, the intrinsic variation in 
the data is high and confidence in the accuracy of 
the data is low. For the protein microarray image, 
we define the SNR of a target spot as: 

 

   p p

p

S B
SNR

σ
−

=                             (13) 

 
Sp is the mean intensity of the target spot; Bp is the 
mean intensity of the local background; σp is the 
standard deviation of the local background. A 
higher SNR indicates higher signal over back-
ground noise, a SNR of 3 is commonly considered 
the lower limit for accurate detection. Signal may 
be detected below this value, but the accuracy of 
quantitative measurements decreases significantly. 
From Eq.(13), the SNR can be maximized by in-

creasing signal, decreasing background, or de-
creasing noise (i.e. standard deviation of the local 
background). 

It is clear that we decrease the noise by me-
dian-based filter with the switching scheme pre-
sented above, and we decrease background by 
top-hat filter. Fig.8 shows the SNR of each target 
spot in microarray image; Sp, Bp and σp are calcu-
lated using GenePix4.1 software. The pixels used 
for computing Sp and the pixels used for computing 
Bp and σp are shown in Fig.9. The details can be 
found in (Axon, 2002). Evidently, the enhancing 
algorithm presented above can improve the SNR of 
the protein microarray image significantly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Flatness of background 
In protein microarrays, the primary source of 

background signal is non-specific hybridization in 
the same plane of focus as the target spots; other 

Fig.9  Pixels of the target spot and the pixels of the back-
ground in GenePix4.1 software 
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Fig.8  SNR of each target spot in protein microarray image 
A: original image (Fig.1); B: median-based filtered image (Fig.3); C: 
top-hat filtered image (Fig.6b)     
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Fig.7  Intensity plots of the third row of the images in Fig.6
(a) vs Fig.6a; (b) vs Fig.6b 
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sources also include biochemical factors such as 
probe purity and hybridization uniformity, as well 
as instrument factors such as stray photons and 
electronic noise inherent in all PMTs. Background 
abnormality can cause problems for signal detec-
tion or incorrect measurement of the local back-
ground level, so the flatness of the background 
signal reflects these factors; the more uniform the 
intensity of background, the higher the quality of 
the protein microarray image. 

Fig.10 plots the local background intensity Bp 
of each spot in different protein microarray images 
(A vs Fig.1, B vs Fig.3 and C vs Fig.6). From Fig.10, 
we can see that the background fluctuation is almost 
unchanged by median-based filter we presented, but 
after top-hat filtering, the background not only 
decreases evidently, it becomes more uniform.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Consistency of signal intensity 
Since the intensity profile of the target spot is 

bell-shaped, just like Gaussian distribution, we 
define the consistency of signal intensity as the 
coefficient of variation (CV) of the target spot’s 
intensity. In cases where contamination crosses the 
target spot or strong impulsive noise sits atop the 
target area, the detected signal of the target spot 
may not truly reflect the actual signal, so its stan-
dard deviation will be unusually high. We use the 
coefficient of variation to normalize the standard 
deviation relative to the mean signal intensity of the 
target spot: 

  s
p

p

CV
S
σ

=                                     (14) 

 
σs is the standard deviation of the target spot’s 
intensity. 

Fig.11 shows the coefficients of variation CVp 
of all spots in different protein microarray images 
(A vs Fig.1, B vs Fig.3 and C vs Fig.6). From Fig.11, 
we can see that although both B and C are smaller 
than A, C (after top-hat filtering) is a little bigger 
than B (just after median-based filtering). This is 
caused by the property of the top-hat filter; it 
eliminates the entire background trend; and at the 
same time, also decreases the mean intensity of the 
target spot Sp. This property can be seen clearly 
from Fig.7. However, the standard deviation of the 
target spot’s intensity σ is decreased a little due to 
the flatness of the morphological opening, so the 
CVp of all spots after top-hat filtering will be in-
creased a little. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FURTHER DISCUSSION 

 
The performance of the proposed enhancing 

method has been evaluated in another two kinds of 
protein microarray images, HBV (hepatitis B virus) 
and HLA (Human Leukocyte Antigen). The ex-
perimental results were very exciting. The SNR of 
the target spot improved significantly; and the 

Fig.10  Background intensity of each target spot in protein
microarray images   
A: original image (Fig.1); B: median-based filtered image
(Fig.3); C: top-hat filtered image (Fig.6b) 
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Fig.11  Coefficients of variation of the target spots in pro-
tein microarray image   
A: original image (Fig.1); B: median-based filtered image
(Fig.3); C: top-hat filtered image (Fig.6b)     
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background became more uniform and the signal 
intensity was more consistent, just like the HCV 
microarray image we discussed before. The ex-
perimental results are shown in Fig.12.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For performance comparison, the standard 

mean filter, Gaussian filter, the proposed median 
based filter, the top-hat filter, and the proposed 
cascade filter were investigated. The window sizes 
of the filters are also discussed here. The results of 
SNR for the image in Fig.1 were shown in Fig.13. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The proposed 5×5 median based filter is better than 
the 3×3 one, and the 7×7 one is only a little better 
than the 5×5 one in SNR improvement, but it makes 
the edge of each target spot blurred and consumes 
more time. So we chose the 5×5 median based filter 
to reduce the impulsive noise in our experiments. 
After reducing the impulse noise, the contrast of the 
filtered image was enhanced by the top-hat filter. 
The SNR of each spot was improved more signifi-
cantly than that of other filters. The background 
flatness and the consistency of signal intensity were 
also enhanced more evidently than those of other 
filters. 
 
 
CONCLUSION 

 
This paper presents a novel algorithm of 

quality metric enhancement for protein microarray 
image. We consider the use of an adaptive median 
filter that employs the switching scheme based on 
local statistics characters to reduce noise levels in 
images and a top-hat filter to correct for trends in 
background values. The new cascade algorithm has 
been successfully applied to protein microarray 
images; we have evaluated the algorithm through 
three important factors that reflect the quality met-
ric of protein microarray image: SNR of the spots, 
flatness of background and consistency of signal 
intensity. The experimental results revealed that 
this method significantly improved the SNR of 
target spots and the flatness of  the background, but 
that it was a little inferior for improving the con-
sistency of the signal intensity (when calculated by 
the coefficient of variation)  compared to the one 
using a median-based filter. 
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