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ABSTRACT

The use of microarray expression data in state-of-theialody
has been well established. The widespread adoption ofetisbl-
ogy coupled with the significant volume of data generatedeper
periment, in the form of images, have led to significant @rajes in
storage and query-retrieval of the data from microarraygrpents.
In this paper, we present a lossless bit-plane based methedfif
cient compression of microarray images. This method isdase
arithmetic coding using a 3D context model. We also presei@xa
tension to the proposed method to show the limit of using 3Mexd
models for encoding this type of images. Our methods prodince
embedded bit-stream that allows progressive, lossyssidéss de-

coding. We compare the compression efficiency of the prapose
method with JBIG and with the two most recent specializedhmet

ods. The proposed method gives better results for all imafts
test sets and confirms the effectiveness of bit-plane basthoahs
and finite-context models for lossless compression of raicey im-
ages.

1. INTRODUCTION

The DNA microarray technology has become an important tool i

the study of gene function, regulation, and interactiorosgfarge

run into trouble if the assumptions in which they are baseahgh
in the future. One such assumption might be, for exampletetie
angular organization of the spots. In fact, although iltitithis was
the organization used for spot placement in the microasnayse
recently, other non-rectangular packings are being used.

To our knowledge, the technique that we propose in this paper
the best one currently available in terms of compressiocieffcy
of microarray images. The method is based on arithmeticngodi
driven by a 3D finite-context model (preliminary results édbeen
presented in [12]). Basically, the image is compressed dn@dne
basis, going from the most significant bit-plane to the |eigtifi-
cant bit-plane. The finite-context model used by the aritficren-
coder uses (causal) pixels from the bit-plane under corsjmesnd
also pixels from the bit-planes already encoded. In thisspape
extended this method in order to find the best context shapesafth
bit-plane and we provide detailed results showing the &ffecess
of our methods. Moreover, we provide detailed results ofwethod
comparing them with JBIG [13, 14] and also with two recentige
ized methods, MicroZip [10] and Zhang's method [11].

2. THE PROPOSED METHOD

In this paper, we present a lossless compression methoddopam

numbers of genes, and even entire genomes. It allows thgsimal ray images based on an adaptive finite-context model fotiolye

of thousands of genes in a single experience [1, 2].

arithmetic coding. This method was inspired by EIDAC [15],

The raw data of a microarray experiment consist of a pair of 16compression method that has been used with success fogdatin

bits per pixel grayscale images. These images are analysieg a
variety of software tools which extract relevant infornoati such as
the intensity of the spots and the background level. Thizrmétion
is then used to evaluate the expression level of individeakg [1,

ages with a reduced number of intensities (simple image=)e Hve
show that similar ideas can also be used for developing ariesffi
compressing method for microarray images. The originahoebt

proposed by Yoeet al. could not be used in these images due to

2]. Depending on the size of the array and the resolution ef thits properties (they have 16 planes and a large number arelift

scanner, these images may require several tens of megabygteer
to be stored or transmitted.

Microarrays have been the focus of significant research.t bfos
this effort has been directed to the analysis of the datdtimegdrom
such experiments, whereas problems such as the efficiamismp
tation of the microarray images has received relatively &tention.
However, giving the massive amount of data currently predund
the need of long-term storage and efficient transmissiandével-
opment of efficient compression methods is an importani@hge.

intensities).
In the proposed method, the images are compressed on @bd-pl
basis, starting from the most significant bit-plane and mitap at
the least significant bit-plane or whenever a bit-plane iregumore
than one bit per pixel for encoding. In this case, the resheftit-
planes are left uncoded. The causal finite-context modéldfiees
the arithmetic encoder uses pixels both from the bit-plamesatly
being encoded and from the bit-planes already encoded {get)F
When encoding the eight least significant bit-planes, thigefin

The common approach towards the compression of microarragontext model is only formed with pixels from the upper Hasges.
images has been based on image analysis for spot findingn@rid This procedure avoids the degradation in compression ratehw

followed by segmentation) with the aim of separating therodac
ray image data into channels based on pixel similaritied[3, 6,

occurs because, in general, the eight least significarl&ites are
close to random and, therefore, they are almost incomjled4].

7, 8, 9, 10, 11]. Once separated, the channels are compressed Moreover, we have introduced another mechanism that hefgas o

dividually, together with the segmentation informationIth®ugh

coming this problem. As the method proceeds encoding thgeéma

appealing, image dependent compression methods may ipditent the average bit-rate obtained after encoding each bitepkmon-
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Fig. 1. Context configurations used by the proposed method at fiferelit compression stages: (a) when encoding the mosifisagt
bit-plane (four pixels of context); (b) when encoding thes®l most significant bit-plane (ten pixels of context);witlen encoding the third
most significant bit-plane (16 pixels of context); (d) frohetfourth until the eighth most significant bit-planes (17-g2xels of context); (e)
the eight least significant bit-planes (13-20 pixels of egt)t

itored. If, for some bit-plane, the average bit-rate exseaike bit
per pixel, then we stop the encoding process and the rengaiin
planes are saved without compression.

Table 1. Average compression results, in bits per pixel, using JBIG
and the proposed method, combined with Gray codes and theahat
binary codes.

3. EXPERIMENTAL RESULTS

Image Set JBIG Proposed
The compression method proposed in this paper was evalu- Bin Code | Gray Code| Bin Code | Gray Code
ated using microarray images that have been collected from Apo_Al 11.367 10.851 10.280 10.258
three different publicly available sources: (1) 32 images ISREC 10.849 10.925 10.199 10.194
that we refer to as the Apo Al set and which have been MicroZip 9.788 9.297 8.840 8.826
collected from  http://ww. stat. berkel ey. edu/ Average 10.783 10.393 9.826 9.809

users/terry/zarray/ H m /index. ht m (this set
was previously used by Jornstest al. [4, 6]); (2) 14 im-
ages forming the ISREC set which have been collected from
http://ww. isrec.isb-sib.ch/DEA nodul e8/

Table 2. Compression results, in bits per pixel, using JBIG, Mi-

P5_chi p.i mage/ i mages/ ; (3) three images previously used to croZip, Zhang's method and the proposed method.

test MicroZip[10] and Zhang's method[11], which were cotkx

from http://ww.cs. ucr. edu/ ~yul uo/ M croZip/. Image JBIG [MicroZip| Zhang |Proposed
These three sets have also been used in the experimentsecejyor arrayl 11.819| 11.490| 11.380| 11.105
[16]. . . array2 | 9.071| 9.570| 9.260| 8.628
Image size ranges from000 x 1000 to 5496 x 1956 pixels, array3 8.351 8.470 8.120 7.962
i.e., from uncompressed sizes of about 2 MBytes to more tian 2 Average 9297 9532 9243 3.826

MBytes (all images have 16 bits per pixel). The average tegue-
sented take into account the different sizes of the images,they
correspond to the total number of bits divided by the totahbar of
image pixels.

Table 1 shows the average compression results, in bits pe; pi
for the three sets of images described above. In this tal#eqlso
show the effect of using Gray codes instead of the naturalrpin
codes for representing the pixel intensities. Gray codiag een Compared to JBIG, the proposed method provided an overall
proposed as a means of improving the compression attaind8iy compression gain of abo&t6%. Table 2 confirms the performance
in graylevel images [17]. Indeed, as can be seen in Tableel, thof our method relatively to two recent specialized methaisédm-
compression results provided by JBIG improved, on averaigeyut  pressing microarray images: MicroZip [10] and Zhang's rodth
3.6% when using Gray codes. However, for the ISREC image sef11]. As can be observed, the method that we propose provides
it resulted in a small loss of performance. On the other h#émel, compression gains di.1% relatively to JBIG,7.4% relatively to
proposed method was quite insensible to the use of Gray c@tes MicroZip and4.5% in relation to Zhang’s method, on a set of test
average, itimproved less th@r2%, which can be justified by its ex- images that has been used by all methods.

ploitation of inter-bit-plane dependencies. Unlike JBtfs (small)
improvement was consistent: none of the image sets suftetesk
of compression performance when using Gray codes.



4. CONCLUSION

In this paper, we presented an efficient method for losslespres-
sion of microarray images, allowing progressive, lossyeisless

decoding. This method is based on bit-plane compressiargusi

finite-context models and arithmetic coding. It does notiexgrid-

ing and / or segmentation as most of the specialized methwds t

[7] J. Hua, Z. Liu, Z. Xiong, Q. Wu, and K. Castleman, “Mi-

(8]

have been proposed do. This may be an advantage if only cempre

sion is sought, since it reduces the computational complexithe
method. Moreover, since it does not depend on image coritést,
robust, for example, against layout changes in spot plaseme

The results obtained have been compared with JBIG [13] atid wi

two recent specialized methods: MicroZip [10] and Zhangithmod
[11]. The results show that the proposed method has bettepres-
sion performance than JBIG in all test sets. This is not $sin,

since, contrarily to JBIG, it explores inter-bit-plane dagencies.

Compared to the specialized methods, the proposed mettothea

best for all images in the MicroZip test set, showing losslesm-
pression gains of more thain5%.
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