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Abstract and traversed in a way that each node that is expanded, is selected taking

In this paper we present a rate-distortion study on microarray image com-
pression. We evaluate two image coding standards (JBIG and JPEG2000),
a method based on bitplane decomposition, and a method recently pro-
posed based on binary-tree decomposition. According to the results ob-
tained JPEG2000 attains the worse compression results particularly for
higher bitrates. On the other hand, the method based on binary-tree de-
composition outperformed all the other compression methods in terms of
L2-norm and L.-norm. The results attained for the binary-tree decom-
position method can be explained due to its nature, consisting on coding
each node of the tree with the goal of minimizing the L., error.

1 Introduction

The raw data resulting from a microarray experiment consist of a pair of
16 bits per pixels of grayscale images (see Figure 1). These images, de-
pend on the size of the array and the resolution of the scanner, and may
require tens of megabytes to be stored or transmitted without any com-
pression loss. Due to this fact, and the need for long-term storage and
efficient transmission, the development of lossless compression methods
with progressive decoding capabilities is an important challenge. More-
over, this progressive decoding capability is useful because the decoding
process can be stopped at any time obtaining an intermediate image with
some loss. This loss control can be based on the same principles that are
used to extract genetic information from the microarrays.
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Figure 1: An example of a microarray experiment (crop portion of
“Def661” image from the ISREC dataset).

2 Related work and goals

In the literature we can find several lossless compression methods for mi-
croarrays images [1, 3, 4]. One interesting characteristic of some of these
methods is its capability of progressive decoding the compressed image.
This characteristic is very important because we can stop the decoding
process at any time obtaining a partial image with some loss, loss that
will not degrade the genetic information that will be extracted later. Be-
sides that, the progressive decoding approach allows us to also decode
the original image without any loss. This is also very important because
the analysis techniques are subject to changes which means that in the
future we may require to have the original image, without discarding any
information.

Recently, we have proposed a lossless compression method for mi-
croarray images, based on a hierarchical organization of the intensity lev-
els followed by finite-context modeling [2]. The organization of the inten-
sity levels is attained by means of a binary tree. This binary tree is build

into account the smallest L., reconstruction error.

Neves and Pinho proposed in 2009 a compression method based on
a bitplane decomposition approach that uses a 3D finite-context model
to drive the arithmetic coder [4]. Their work was inspired by EIDAC [5]
but their method was improved by using image-dependent context models
that are build with the goal of finding the “best” context configuration to
encode each bitplane.

The goal of this research work is to evaluate in terms of rate-distortion
this method based on a binary-tree decomposition [2], the method pre-
sented in 2009 by Neves and Pinho [4], and also two image coding stan-
dards (JBIG and JPEG2000) that have support for lossy-to-lossless com-
pression.

3 Experimental results

The goal of this work is to evaluate the performance of four different
methods in terms of rate-distortion. Two of the methods are specific for
microarray compression [2, 4]. The other two methods are the JBIG and
JPEG2000 standards.

In the literature, we can find several rate-distortion metrics that can
be used to measure the performance of compression algorithms. In this
research work we decided to use the root mean square error (or L2) and
the maximum absolute error (L..). Because of the lack of space, we chose
only two images to evaluate the performance of the methods mention ear-
lier. One image of the Apo Al data set (“1230cG”) and one image of
the Microzip data set (“array1”). For the other data sets and images, the
obtained results are quite similar so the conclusions made for these two
images are the same as for the remaining images.

The rate-distortion curves of the two selected images can be found in
Figs 2 and 3. The left charts are related to the L2-norm (root mean squared
error) and the right ones were plotted in terms of Le.-norm (maximum ab-
solute error). Regarding the first metric (L2-norm), we can notice that
lossless JPEG2000 provides similar rate-distortion results for lower bi-
trates (lower than 8 bpp). The poor results in higher bitrates for JPEG2000
could be explained by the default parameters used in JPEG2000. These
default parameter values could not be suited for this kind of images with
16 bits per pixel and their particular characteristics in terms of noise, his-
togram, etc. Regarding the L..-norm, we observed that JPEG2000 has
in fact the worst rate-distortion results. Similar to the previous metric,
we can see that the rate-distortion results for JPEG2000 suffer a sudden
deviation for higher bitrates which is probably related to the same prob-
lem pointed out earlier. When comparing methods [4] and [2], we can
see that method [2] provides better rate-distortion results when compared
to method [4]. The main reason to the previous statement is due to the
nature of method [2]. As mentioned earlier in Section 2, method [2]
has in its core a mechanism that minimizes the L., error along the en-
coding/decoding process. This allows the method to obtain better rate-
distortion results. Furthermore, method [4] was not designed with an error
minimization goal in mind. It processes each bitplane of the microarray
image without looking to any kind of error metric. The error after pro-
cessing each bitplane depends on the remaning information that was not
yet processed (on the lower bitplanes).

4 Conclusions

The goal of this study was to compare, in terms of rate-distortion, sev-
eral compression methods. We used two image coding standards (JBIG
and JPEG2000) and two different specialized methods for microarray im-
ages [2, 4]. According to the obtained rate-distortion results, we con-
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Figure 2: Rate-distortion curves for methods [2, 4], JBIG, and JPEG200, regarding image “1230c1G” of the Apo Al data set. Results are given in
terms of L2-norm (root mean squared error) on the left chart and in terms of Le-norm (maximum absolute error) on the right chart. The curves
indicated as “Matos” correspond to method [2], whereas the curves indicated as “Neves” correspond to method [4].
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Figure 3: Rate-distortion curves for methods [2, 4], JBIG, and JPEG200, regarding image “array1” of the Microzip data set. Results are given in terms
of L2-norm (root mean squared error) on the left chart and in terms of Le.-norm (maximum absolute error) on the right chart. The curves indicated as
“Matos” correspond to method [2], whereas the curves indicated as “Neves” correspond to method [4].

cluded that among the methods used in this work, JPEG2000 attained
similar results to the other methods for lower bitrates (lower than 8 bpp),
in terms of root mean squared error. The poor performance for higher
bitrates is probably due to the default parameters used in the JPEG2000
codec. Regarding the other measure, the maximum absolute error, the
JPEG2000 standard continues to attain the worse results when compared
to the other method, mainly for higher bitrates. The phenomenon is prob-
ably caused by the same issue mention earlier. Regarding the special-
ized methods, the obtained results in both rate-distortion metrics are bet-
ter when compared to JBIG and JPEG2000. In fact, the method based
on binary-tree decomposition outperforms the other three methods due to
its nature. The core method process each node of the tree in a way to
minimize the Lo, error.
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