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Application of Wavelet Modulus Maxima in
Microarray Spots Recognition

X. H. Wang, Robert S. H. Istepanian, Senior Member, IEEE, and Yong Hua Song, Senior Member, IEEE

Abstract—This paper presents a novel approach to recognize the
microarray image spots. The approach is based on the detection of
wavelet modulus maxima in the microarray images. The detected
maxima is actually the contour of the spots and thus the spots are
recognized precisely. Then, the intensities within the contour of the
spots can be obtained with low error rate. The test results on ex-
ample image show this is an effective approach, especially for those
spots with low intensities.

Index Terms—Wavelet analysis, microarray, images processing
denoising.

I. INTRODUCTION

I N A MICROARRAY experiment, thousands of DNA se-
quences are printed in a high-density array on a solid sur-

face. These sequences are referred to spot in image processing.
Ideally, the spot on a microarray has the shape of a circle with
a diameter consistent with all the other spots of that microarray.
However, in practical experiments, not only the size of the spots
is different from each other, but the shape of the spot is irregular.
Some spots have the artefacts because of the experimental treat-
ment, while others have low density to make them very difficult
to be detected.

Spot recognition in microarray image processing is a crucial
step to accurately obtain the gene expression. Over the last few
years, many image processing methods have been adapted to-
ward the spots recognition. These methods can be classified into
three categories, namely, circle, adaptive shape, and histogram
method. The fixed circle method with a constant diameter is
simple to use and implemented in most of the common commer-
cial software packages, such as ScanAlyze [1], GenePix [2], and
QuantArray [3]. GenePix also offer the ability to allow the user
to manually adjust the circle diameter spot by spot. This is time
consuming. The drawback of this kind of method is evident. It
is only accurate for regular round-shaped spots with exactly the
same diameter as the circle. The adaptive shape method over-
comes the drawbacks of the circle method. The two most com-
monly used arewatershed[4], [5] and seeded region growing
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[6], [7] methods. These two methods require the specification
of starting points, or seeds, and the weak point of the methods
can be the selection of the number and location of the seed point.
However, in terms of microarray images, the number and the lo-
cation of the spots are determined. These methods prove to be
very effective.

The histogram method uses a target mask which is chosen to
be larger than any spot. For each spot, the intensity is determined
in some fashion from the histogram of pixel values within the
masked area. One of the methods is using circular target mask
[8]. However, a major disadvantage is that quantitation is un-
stable when a large target mask is set to compensate for spot
size variation.

In this paper, a new approach is presented to accurately rec-
ognize the spots. The method is based on detection of wavelet
transform modulus maxima. It is s well known that wavelet
transform can localize the signal in space and frequency and,
thus, easily characterize the local regularity of functions. In im-
ages, that would be the locations of the object contours. From
locating the contours, the object can be recognized. If it is in
the microarray image processing, that is the spot recognition by
locating the edges of the spot. Actually, this is an edge-based
spot recognition method. Because of the ability of the wavelet
transform, this method is particularly useful in recognizing the
low-intensity spots.

II. M ODULUS MAXIMA IN IMAGE EDGE DETECTION

Modulus maxima is defined by Mallat and Zhong in their al-
gorithm to detect the singularity at any point , such that

has a zero-crossing at and for any neighbor-
hood of , where is the
wavelet transform of real function [9]. The local maxima
are detected only along a dyadic sequence of scales to obtain
efficient numerical implementations. For the algorithm to de-
tect the local maxima in [9], two wavelets are proposed by par-
tially derivatives of a two-dimensional (2-D) smoothing func-
tion along and

(1)

Let and
. The wavelet transform for function

with respect of and are obtained as

(2)

1536-1241/03$17.00 © 2003 IEEE



WANG et al.: APPLICATION OF WAVELET MODULUS MAXIMA IN MICROARRAY SPOTS RECOGNITION 191

(a) (b)

Fig. 1. Microarray spot and spot contour.

For a dyadic sequence, these become to and
. The value of each of these is bounded by

(3)

and the angle between them is given by

(4)

Thus. at each scale , the modulus maxima of the wavelet
transform are defined as point where the modulus image

is locally maximum, along the gradient direct
given by . The line of position is normally
the edge of the images.

III. A PPLICATION OF MODULUS MAXIMA IN SPOT

RECOGNITION

Here, we develop the algorithm using modulus maxima to de-
tect the edge of the microarray spots. Supposing the smoothing
function is a simple 2-D, circular symmetric Gaussian function,

, which is given by

(5)

Then. the two wavelets can be obtained by partial derivative
of the Gaussian function at vertical and horizontal location

(6)

Convolving these two wavelets with microarray function, the
modulus maxima of the microarray image can be obtained by (4)
and (5). The link of the location of the maxima is actually the
edge, or contour, of the spot. Fig. 1 shows an example of a single
microarray spot and the local maxima, contour, obtained from
the algorithm. The local maxima detects not only the edge of the
spot, but also a noise above the spot which is invisible to human
eye and the intensity difference within the spot. However, what
we wanted is just the edge of the spot. Within the edge, the
intensity of the spot can be obtained as 14 899. The intensity
of the original spot is 15 604. The error is just 4.5%. Therefore,
we can say this algorithm can accurately recognize the spot.

(a)

(b)

Fig. 2. Microarray image and its modulus maxima.

Now we are applying this algorithm to a small microarray
image with 7 7 array. Fig. 2(a) shows the original image. On
this figure, some spots are very weak and difficult to be viewed
by human eyes. After application of the modulus maxima detec-
tion algorithm, the edge of each spot can be identified, as shown
in Fig. 2(b). That is the advantage of this algorithm, it will not
leave even single weak spot.

As seen in Fig. 2, the shape of the spots varies from spot to
spot. The distribution of the intensity within the spot is not uni-
form. Some weak areas can be identified by the local maxima
within the spot. But when we do the intensity extraction, only
the outer contour is concerned. Let us have a close examination
of the spots, i.e., spots in column 4.Table I shows the original in-
tensities and the relevant intensities within the contour together
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TABLE I
INTENSITIES OFCOLUMN 4 SPOTS AS INFIG. 2

with corresponding error values in that particular column. We
can see only few pixel intensities are not included in the con-
tour. These are sporadic pixels in the neighborhood of the spot.

IV. CONCLUSION

From the above analysis, we can see using wavelet modulus
maxima algorithm can precisely detect the contour of the mi-
croarray spots in spite of the shape of the spots. The algorithm
is especially useful for those weak spots which are difficult to be
detected. Thus, the intensities of the spot can be obtained with
low error rate. The test result on example microarray image il-
lustrates this is an effective approach to recognize the DNA spot.
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