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Abstract

This paper reportsan adaptivestill color image com-
pression method which produces automatically-selected
ROIs with a higher reconstructionquality with respectto
therestof theinputimage. TheROls are geneatedon-the-
fly with a purely data-driventechniquebasedon visual at-
tention. Inspiredfrombiological vision,the multicuevisual
attentionalgorithmdetectgshemostvisually-salientregions
of animage. Thus,whenopeiating in systemsvith low bit-
rate constaints, the adaptivecodingschemefavors the al-
location of a higher numberof bits to thoseimage regions
that are more conspicuouso the humanvisualsystemThe
compessedmage files producedby this adaptivemethod
are fully compatiblewith the JPEG standad, which favors
their widespeadutilization.

1 Intr oduction

Visualattentionis the ability to rapidly detectinteresting
partsof a given scene. Using visual attentionin a com-
putervision systempermitsa rapid selectionof a subsebf
theavailablesensoryinformationbeforefurtherprocessing.
Theselectedocationsusuallycorrelatesvith the conspicu-
ouspartsof thescene.

Variouscomputationamodelsof visualattentionhave been
presentedn previous works [1, 2]. Thesemodelsare, in
general,data-drven and basedon the featureintegration
principle [9] which is inspiredby psychoplysical studies
on humanvisual attention. Known as salieng-based the
model presentedn [2] considersa variety of scenefea-
tures(intensity orientation,and color) to computea setof
conspicuitymapswhich are then combinedinto the final
salieny map. The conspicuityoperatoris a kind of “con-
trastdetector"which, appliedon a featuremap, bringsout
theregionsof the scenecontainingsalientinformationand
thus,providesa setof relevantregions-of-interestROls.
Theavailability of asetof preidentifiedROls canbeassoci-
atedwith spatiallyadaptve imagecodingin orderto obtain

highercompressiomatioswhile keepingagoodreconstruc-
tion quality within thevisually importantregionsof theim-
age.

Previousworks have dealtwith the problemof theidentifi-
cationof ROIsto spatiallyadaptthecompressiomccording
to the relative importanceof regions[3, 7, 10]. A recent
work [5, 6] presentednalgorithmbasedon automatically
preidentifiedROls which have beencomputedby meansof
a biologically plausibletechnique. This techniquedeals,
however, only with grey scaleimages;chromaticfeatures
werenot considered.

In thiswork, we investigatea differentbiologically inspired
techniqueo identify visually relevantregionson animage.
In contrastwith the methoddiscussedbove, the multicue
salieng-basedmodel of visual attentioncombineschro-
matic aswell as monochromatideaturesto identify ROIs
on colorimages.

This paperis organizedasfollows. Section2 presentdhe
salieny-basedmodelof visual attention. The adaptve im-
agecompressioralgorithmis describedn Section3. Sec-
tion 4 reportstheresultsof experimentsnvolving avariety
of colorimagesijn orderto assestheeffectivenes®f visual
attentionin thefield of adaptve colorimagecompression.
Finally, theconclusionsarestatedn Section5.

2 Visual attention model
2.1 Saliency-basednodel

Accordingto a generallyadmittedmodel of visual per
ception[4], avisualattentiontaskcanbe achiezedin three
mainstepg(Fig. 1).

1) First, a number(n) of featuresare extractedfrom the
sceneby computingthe so-calledfeaturemaps. A feature
map representghe image of the scene,basedon a well-
definedfeature.This leadsto a multi-featurerepresentation
of thescene Five featuremapshave beenconsideredn our
implementation:a) The differencebetweentheredandthe
greencomponeni{R — G), b) The differencebetweenthe
blue andthe yellow componen{B — Y), ¢) Theintensity
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Figure 1. Scheme of a computational model of attention.

image, and d) The gradient orientation map. The competition between conspicuity maps is usually es-
2) In a second step, each feature map is transformed in itstablished by selecting weights; according to a weighting
conspicuity map. Each conspicuity map highlights the parts functionw, like the one presented in [2lv = (M — m)?,

of the scene that, according to a specific feature, stronglywhere M is the maximum activity of the conspicuity map
differ from its surrounding. In biologically plausible mod- andm is the average of all its local maximaw mea-
els, this is usually achieved by usingcanter-surroune sures how the most active locations differ from the average.
mechanism. Practically, this mechanism can be imple- Thus, this weighting function promotes conspicuity maps in
mented with aifference-of-Gaussiarfdter, which can be  which a small number of strong peaks of activity is present.
applied on feature maps to extract local activities for each Maps that contain numerous comparable peak responses are
feature type. demoted. It is obvious that this competitive mechanism is
3) In the last stage of the attention model, theonspicuity purely data-driven and does not require any a priori knowl-
mapsC; are integrated together, in a competitive way, into edge about the analyzed scene.

asaliency mags in accordance with equation 1.

i=1
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Figure 3. Adaptive JPEG-based Image compression
Algorithm

salient regions selection based on the WTA mechanism is
given on the Figure 2.

3 Adaptive compression algorithm

Figure 3 shows a block diagram of the adaptive coding
method. This scheme follows the same operations of the
baseline JPEG algorithm, albeit with a quantization unit that
has been modified to receive an additional input: a binary
image produced by the visual attention stage. This binary
information will indicate the quantizer to execute either a
short- or a large-step quantization of the DCT coefficients,
depending on whether a given 8x8-pixel block lies inside or
outside any of the identified ROIs.

The modified quantization unit uses the same normalization
array N proposed in the official JPEG document [8]. This
unit requires also two scale factor parametey: ands f;.
These values can be permanently set by the user, or left
to be set by the system in correspondence with a required
compression bit rate for a given image. For those 8x8-pixel
blocks with a majority of pixels lying within the ROls, the
guantization is executed using the normalization array pre-
viously scaled by f. For the rest of the blockd is scaled
by s f1 before quantization. To preserve image detail within
the ROIs,s fj is usually chosen to be in the interval [0.5, 1],
while sf; is generally selected to be a real number larger
2.2 Selection of salient locations than two.

The binary image that is produced by the visual attention

At any given time, the maximum of the saliency map stage and used by the quantization unit, represents over-
defines the most salient location, to which the focus of head information to be embedded in the compressed data
attention (FOA) should be directed. A "winner-take-all” pijtstream. This data is required for a decoder to execute
(WTA) mechanism [2] is used to detect, successively, the the corresponding ROI-dependent inverse quantization of
significant regions. Given a saliency map computed by thethe DCT coefficients. The presence of this overhead data
saliency-based model of visual attention, the WTA mecha- precludes the compressed image from being reconstructed
nism starts with selecting the location with the maximum
value on the map. This selected region is considered as

Figure 2. Salient regions selection. Applyinga WTA
mechanism to a saliency map permits the selection of
the most conspicuous parts of the image.

the most salient part of the image (winner). The FOA is ROIs v v
then sh|fted to this _Iocatlon. Local inhibition is activated in DCT % Q, > Qxl* o! Codgy
the saliency map, in an area around the actual FOA. This

yields dynamical shifts of the FOA by allowing the next

most salient location to subsequently become the winner. Figure 4. Quantizer of the adaptive compression al-
Besides, the inhibition mechanism prevents the FOA from  gorithm to produce JPEG compatibility

returning to previously attended locations. An example of
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Figure 5. Adaptive versus non-adaptive compression: Example 1.

by a standard JPEG decoder. If JPEG compatibility is notis fully compatible with the JPEG standard. This was the
an issue, then any given JPEG decoder can be straightforscheme used to produce the results presented in Section 4.
wardly modified to accept the additional binary informa-
tion, and accordingly execute the decoding operation of the
compressed bitstream.

JPEG compatibility, however, could be required in a large
number of systems, and it can be easily achieved in ex-  This section is dedicated to report experiments involving
change of two additional quantization operations, as showntwo sets of color images, in order to assess the usefulness of
in Figure 4. After the DCT operation, the initial ROI-  visual attention in the field of color image compression by
dependent quantizationd)(;) is followed by a correspond-  means of the adaptive coding scheme presented in Section
ing ROI-dependent inverse quantizatiap,(*). After this 3. For each example, a color image is acquired; using this
point, the overhead data is no longer required and the curimage as input, the visual attention algorithm computes a
rent DCT coefficients can be re-normalized using a regu- set of ROIs. In these experiments the number of identified
lar, ROI-independent, JPEG quantizati@p)( This proce-  ROls has been, for simplicity, limited to three. A yellow cir-
dure produces a spatially adaptive compressed image whicltle is drawn around each of the identified ROIs. Afterwards,

4 Experiments
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Figure 6. Adaptive versus non-adaptive compression: Example 2.

the color image is compressed using two methods, a) stan6) preserve the visual details of the two faces, which may
dard JPEG, and b) the JPEG-based adaptive compressiohe relevant for the recognition of the two persons. On the
algorithm. With both methods, and for all the experiments, other hand, the persons’ faces have lost important percep-
the overall compression ratio produced was 100:1. tual details when using the standard JPEG method (bottom-
The images of the reported experiments are shown in Fig.left images in Fig. 5 and 6). In the latter case, one may have
5 and 6, they mainly feature two persons facing the cam- difficulty to identify the two persons.

era. Based on the considered features described in Sectioithe advantage of the adaptive algorithm is highlighted in
2, the two persons stand out from the rest of the scene, andrig. 7, where the rightmost ROI has been zoomed in.

are thus, natural candidates for the ROIs, to be automati-These examples clearly validate the adaptive color image
cally identified by the visual attention algorithm. Figures compression algorithm based on visual attention. Despite
5b) and 6b) show, that as expected, the two persons’ faceshe unavailability of any a priori knowledge about the an-
figure among the three most salient regions of the image.alyzed images, the reported coding scheme permits the
The adaptive compression algorithm takes into account thepreservation of perceptually important image details.
relative importance of these image regions. Consequently,

the reconstructed images (bottom-rightimages in Fig. 5 and
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Figure 7. Adaptive versus non-adaptive compression: Zoomed ROI from Example 2

5 Conclusion

After introducing the biologically inspired saliency-
based model of visual attention which permits the identi-
fication of perceptually salient regions-of-interest on color
images, this paper reported an adaptive still color image
compression method. Based on automatically generated
ROIs, this method favors the preservation of perceptually
important image details. The compressed image files pro-
duced by this adaptive method are fully compatible with
the JPEG standard, which favors their widespread utiliza-
tion. The presented results clearly validate the reported
compression method by showing its advantages over the
non-adaptive JPEG algorithm.

The JPEG algorithm was chosen due to its fair computa-
tional complexity, but it is obvious that other methods (e.g.,
JPEG2000) could be equally used to compress the input im-
ages, in an adaptive manner, in accordance with the ROIs
provided by the visual attention stage. Furthermore, the re-
ported visual attention algorithm can be extended to detect
ROls in temporally changing scenes, by introducing motion
as an additional scene feature into the model. This extension
may permit spatially and temporally adaptive compression
of video sequences.
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