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Application of Wavelet Modulus Maxima in
Microarray Spots Recognition

X. H. Wang, Robert S. H. IstepanigBenior Member, IEEEand Yong Hua Sondsenior Member, IEEE

Abstract—This paper presents a novel approach to recognize the [6], [7] methods. These two methods require the specification
microarray image spots. The approach is based on the detection of of starting points, or seeds, and the weak point of the methods
wavelet modulus maxima in the microarray images. The detected .5y the selection of the number and location of the seed point.
maxima is actually the contour of the spots and thus the spots are . . .
recognized precisely. Then, the intensities within the contour of the Hoyvever, in terms of mlcroarray images, the number and the lo-
spots can be obtained with low error rate. The test results on ex- cation of the spots are determined. These methods prove to be

ample image show this is an effective approach, especially for thosevery effective.

spots with low intensities. The histogram method uses a target mask which is chosen to
Index Terms—Wavelet ana|ysi5, microarray, images processing be Iarger than any SpOt. Foreach SpOt, the intensity is determined
denoising. 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
N A MICROARRAY experiment, thousands of DNA se-size variation.
guences are printed in a high-density array on a solid sur-In this paper, a new approach is presented to accurately rec-
face. These sequences are referred to spot in image processiggize the spots. The method is based on detection of wavelet
Ideally, the spot on a microarray has the shape of a circle wiansform modulus maxima. It is s well known that wavelet
a diameter consistent with all the other spots of that microarragansform can localize the signal in space and frequency and,
However, in practical experiments, not only the size of the spatsus, easily characterize the local regularity of functions. In im-
is different from each other, but the shape of the spot is irregulages, that would be the locations of the object contours. From
Some spots have the artefacts because of the experimental tleatiting the contours, the object can be recognized. If it is in
ment, while others have low density to make them very difficuthe microarray image processing, that is the spot recognition by
to be detected. locating the edges of the spot. Actually, this is an edge-based
Spot recognition in microarray image processing is a crucighot recognition method. Because of the ability of the wavelet
step to accurately obtain the gene expression. Over the last tesnsform, this method is particularly useful in recognizing the
years, many image processing methods have been adaptedot@-intensity spots.
ward the spots recognition. These methods can be classified into
three categories, namely, circle, adaptive shape, and histogram || M obuLus MAXIMA IN IMAGE EDGE DETECTION
method. The fixed circle method with a constant diameter is o ] ] .
simple to use and implemented in most of the common commerModulus maxima is defined by Mallat and Zhong in their al-
cial software packages, such as ScanAlyze [1], GenePix [2], 9fithm to detect the singularity at any poib, zo), such that
QuantArray [3]. GenePix also offer the ability to allow the use? WV / (50, #) /9 has a zero-crossing a§ and for any neighbor-
to manually adjust the circle diameter spot by spot. This is tinf@0d 0fzo|W f (s, )| < [W f(s0,7o)|, whereW f(s, z) is the
consuming. The drawback of this kind of method is evident. fYavelet transform of real functiofi(«) [9]. The local maxima
is only accurate for regular round-shaped spots with exactly tAE detected only along a dyadic sequence of scales to obtain
same diameter as the circle. The adaptive shape method officient numerical implementations. For the algorithm to de-
comes the drawbacks of the circle method. The two most cotf¢t the local maxima in [9], two wavelets are proposed by par-

monly used arevatershed4], [5] and seeded region growing t?ally derivatives of a two-dimensional (2-D) smoothing func-
tion f(z,y) alongz andy
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Fig. 1. Microarray spot and spot contour.

For a dyadic sequence, these becom&tbf (27, z,y) and
W?2f(27, x,y). The value of each of these is bounded by

Mf(2,2,y) = VIW(20,2,9) + [W2f (27, 2,y)]?
@)

and the angle between them is given by

W2f(29,2,y)

Af(2,z,y) = argtan ( (4)

Thus. at each scal?¥, the modulus maxima of the waveletjjil
transform are defined as poifit, y) where the modulus image [
M f(27,z,y) is locally maximum, along the gradient direct
given by Af(27, x,y). The line of position(z, ) is normally
the edge of the images.

I1l. APPLICATION OF MODULUS MAXIMA IN SPOT
RECOGNITION

Here, we develop the algorithm using modulus maximato d

function is a simple 2-D, circular symmetric Gaussian functio
G, which is given by

G(z,y) = e~ (@ +v?) (5)

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

(b)

PL(z,y) = 8ie—(9624-;112) — _9pe~ @Y and Fig. 2. Microarray image and its modulus maxima.
X
0 2, 2 2, 2
2 — ; — . . . .
Y (z,y) = a° @) = —_gye (V) (6)  Now we are applying this algorithm to a small microarray

image with 7x 7 array. Fig. 2(a) shows the original image. On
Convolving these two wavelets with microarray function, ththis figure, some spots are very weak and difficult to be viewed
modulus maxima of the microarray image can be obtained by (#) human eyes. After application of the modulus maxima detec-
and (5). The link of the location of the maxima is actually thdon algorithm, the edge of each spot can be identified, as shown
edge, or contour, of the spot. Fig. 1 shows an example of a singld-ig. 2(b). That is the advantage of this algorithm, it will not
microarray spot and the local maxima, contour, obtained frol@ave even single weak spot.
the algorithm. The local maxima detects not only the edge of theAs seen in Fig. 2, the shape of the spots varies from spot to
spot, but also a noise above the spot which is invisible to humgpot. The distribution of the intensity within the spot is not uni-
eye and the intensity difference within the spot. However, whidrm. Some weak areas can be identified by the local maxima
we wanted is just the edge of the spot. Within the edge, théthin the spot. But when we do the intensity extraction, only
intensity of the spot can be obtained as 14 899. The intensihe outer contour is concerned. Let us have a close examination
of the original spot is 15 604. The error is just 4.5%. Thereforef the spots, i.e., spots in column 4.Table | shows the original in-
we can say this algorithm can accurately recognize the spot.tensities and the relevant intensities within the contour together
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TABLE | Robert S. H. Istepanian (M'91-SM’'97) received
INTENSITIES OFCOLUMN 4 SPOTS AS INFIG. 2 the Ph.D. degree in electronic and electrical
engineering from Loughborough University, Lough-
Spots Intensities boéough,lgéﬁ-, in119%984.h ced in dif
T R rom to , he worked in different over-
Original Within contour Error(%) seas industrial and academic positions. In 1988, he
1 11526 10531 8.6 was a Visiting Research Fellow in the Department
of Electronic and Electrical Engineering, Loughbor-
2 2664 2425 8.97 w ough University. From 1994 to 1995, he was with the
3 2712 2564 5.46 l > same department as a Postdoctoral Research Fellow.
From 1996 to 1999, he was a Senior Lecturer at the
4 4391 4055 7.65 University of Portsmouth, Portsmouth, U.K. From 1999 to 2000, he was an As-
5 23219 22154 4.59 sociate Professor at Ryerson University, Toronto, ON, Canada, and also an Ad-
junct Professor with the University of Western Ontario, London, ON, Canada.
6 37280 35832 3.88 He was also the Head of the Mobile Information Engineering and E-Med Sys-
7 11511 11034 4.14 tems research group in the Department of Electronic and Computer Engineering,

Brunel University, London, U.K. He is currently Professor of Data Communi-

cations in the School of Computing and Information Systems and Director of
. . . . e Mobile Information and Network Technologies Research Centre (MINT),

with CorreSpondmg error values in that pamCUIar column. V\zgngston University, London, U.K. He is Recipient, Investigator, and Coin-

can see only few pixel intensities are not included in the cotestigator of research grants from the Engineering and Physical Science Re-
tour. These are sporadic pixels in the neighborhood of the spgs&rch Council, British Council, and Royal Society on intelligent computational
systems applied to telesurgery systems. He is also a lead partner on several
EU-funded projects on e-health. Other collaborative and funded projects from
IV. CONCLUSION industry (Modafone, Orange, and Motorola UK) in the areas of m-health systems
. . and microarray imaging technologies are also ongoing. He has published more
From the above analysis, we can see using wavelet modudti 120 refereed journal and conference papers, mostly in the areas of of wire-

maxima algorithm can precisely detect the contour of the mgss telemedicine and biomedical signal processing, and has edited three books

. . . he areas of m-health, biomedical communications, and signal processing.
croarray spots in spite of the shape of the spots. The algorlt is current research lies in the cognate areas of wireless communications and

is especially useful for those weak spots which are difficult to Reneaith and advanced coding theory for genomics and microarray imaging tech-
detected. Thus, the intensities of the spot can be obtained wigpgies.

. . :1_Dr. Istepanian currently serves on the advisory board of IERENBACTIONS
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lustrates this is an effective approach to recognize the DNA Spsjecial Area Editors on mobile telemedicine. He was also the Guest Editor of
the IEEE TRANSACTIONS ONINFORMATION TECHNOLOGY IN BIOMEDICINE Spe-
cial Issue on Mobile Telemedicine Systems (Sept. 2000), and is Guest Editor of

REFERENCES the forthcoming Special Issue on m-Health to be published in late 2003. He was
[1] M. B. Eisen. ScanAlyze. [Online]. Available: http://rana.stanihe Co-Chair of the UK/RI chapter of the IEEE Engineering in Medicine and Bi-
ford.edu/software ology Society (EMBS). He has also served on numerous technical committees,
[2] GenePix 4000A User's Guidé999. and has chaired and was an invited speaker for several national and international
[3] QuantArray Analysis Software, Operator's Manui999. IEEE conferences, including the Telemed conferences of the Royal Society of

[4] S.Beucherand F. Meyer’ “The morpho|ogica| approach to segmentatid‘ﬂgdicine, the Annual |nterna.ti0r|a| Conference of the EMBS (EMBS’QS and-
The watershed transformation,” Mathematical Morphology in Image '99), and the 2000 World Medical Congress. He was also the Technical Co-Chair

Processing, Vol. 34 of Optical EngineeringNew York, NY: Marcel of the 2003 IEEE EMBS Conference on Information Technology and Applica-
Dekker, 1993, pp. 433-481. tions in Biomedicine (ITAB) and the Fifth International Workshop on Enterprise

[5] L. Vincent and P. Soille, “Watershed in digital space: An efficient alNetworking and Computing in HealthCare (HealthCom'03). His biography is
gorithm based on immersion simulation$ZEE Trans. Pattern Anal. included inWho's Who in Science and EngineeriiNgw Providence, NJ: Mar-
Machine Intell, vol. 13, pp. 583-598, June 1991. quis, 2003).

[6] R. Adams and L. Bischof, “Seeded region growintEE Trans. Pat-
tern Anal. Machine Intel).vol. 16, pp. 641-647, June 1994.

[7] Y. H. Yang, M. J. Buckley, S. Dudoit, and T. P. Speed, “Comparison
of methods for image analysis on cDNA microarray dafa,Comput.
Graph. Stat.vol. 11, pp. 108-136, 2002.

[8] Y. Chen, E. R. Dougherty, and M. L. Bitterner, “Ratio-based decision
and the quantitative analysis of cDNA microarray imagds Biomed.
Opt, vol. 2, pp. 364-374, 1997.

[9] S. Mallat and W. L. Zhong, “Singularity detection and processing witl
wavelet,”|IEEE Trans. Inform. Theorwol. 38, pp. 617-643, Mar. 1992.

Yong Hua Song (M'90-SM'94) is currently a
Professor of Network Systems at Brunel University,
London, U.K., where he is Director of Brunel
Network Systems Research Centre. His research
interests include applications of advanced intelligent
techniques and signal processing methods in various
engineering problems.

X. H. Wang, photograph and biography not available at the time of publicatio





