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ABSTRACT

In this gudy, we propose two descriptors on color and texture
for content based segmentation. The descriptors are cdled
“the most similar colors in the same neighbarhood’ and “the
most similar textures in the same neighbarhood', respedively.
These descriptors are gplied on a multi-level segmentation
algorithm proposed by the aithors of this sudy [1]. The
segmentation algorithm decomposes the image dther based on
the mlor or texture descriptor. Two multi-level trees are
generated, ead of which consists of homogenous regions
with resped to color or texture respedively. The levels of
ead tree orrespondto the complete image of various degrees
of detail. While extrading the objeds at different sizes and
detail, the multi-level tree representation o image avoids
finding a universal threshold for image segmentation. By
using the propaosed color and texture descriptors, the images
are segmented into meaningful objeds. Various properties of
the descriptors are mmpared and the findings are discussed.

1. INTRODUCTION

Objead representation by a set of descriptorsis a callenging
problem for the mntent-based storage and retrieval of image
databases. In order to get the semantic information,
meaningful objeds doud be extraded from the image and
the relations between them shoud be defined. This requires a
robust segmentation method tesed on color or/and texture
simil arity, at the first place

Segmentation is an dd and dfficult problem, which requires
the seledion d a set of similarity measure together with a
threshald value for ead measure. Since the ncept of
similarity is highly dependent on the image ontent, the
descriptors and their thresholds to define the homogenous
regions canna be fully identified before the identificaion o
the image ntent. On the other hand, the goa of
segmentation is to identify the image ntent. This infinite
loop d ambiguity can only be resolved by empiricd tria and
error method for seledion d a “suitable” set of descriptors
and their thresholds for eat applicaion danain.

Multi-level segmentation algorithm proposed in [1], handes
the threshold problem for a given descriptor. The proposed
algorithm generates a stadk of images with hamogeneous
regions. The generated stadk of images is ordered in a tree
hierarchy, avoiding the use of an empiricd segmentation
threshold. At the bottom leave of the tree there ae the
regions with exadly same wlor and/or texture, which are

homogeneous acmrding to the seleced descriptor, and at the
roct of the treethe image is reduced to a single plane. As the
levels approadc to the roat of the treethe most similar color or
texture descriptors merge the neighbaing regions of the
previous level.

Color, texture and/or boundries can be used for the
homogeneity criteria in multi-level segmentation algorithm.
Color is one of the widely used descriptors, sinceit is easily
recmgnizeble and the human visual system is cgpable of
recognizing very large number of them. In [1], we used a
color descriptor for our multi-level image segmentation
agorithm. However, for highly textured or gray-scde images
color is not sufficient for the segmentation o objeds. Texture
descriptors doud aso be somehow incorporated into the
segmentation algorithm.

Gabor Filters are the most popuar and succesdul descriptors
for texture similarity problems. Gabor Filters with varying
size and aientations are more gpropriate for representing the
texture. The mean and variance of the filters are used as
texture descriptors. Using Gabor Filter descriptors it is
posdble to find the most similar textures in the same
neighbarhood Thus, the descriptors can be used in the
multil evel segmentation algorithm for generating a multi-level
treewith the nodes homogenous with resped to texture.

The lor descriptors are relatively simpler than the texture
descriptors. Because; texture requires a lledion o
neighbaring pixels for description. Therefore, as the window
size for texture descriptor grows the segmentation resolution
deaeases, whereas the smal window sizes reduce the
efficiency of the texture descriptors. On the other hand, the
initial regions are pixels with the same wlor and the regions
grow acwmrding to the similarities defined by the Euclidean
distancein Lab color space Each pixel can be assciated to a
color. However, this is not valid for texture information. A
single pixel does nat give the textural information. The texture
information d a pixel can be obtained from a group d pixels
surroundng it. The texture dass which the pixel belongs, can
only be catured if the size of the surroundng region is large
enowh. Thus, the multi-level segmentation algorithm using
color descriptor canna be diredly applied to texture
descriptor. Instead of seleding pixels having the same lor as
the initial homogeneous regions, multi-level segmentation
agorithm is adopted for texture descriptor, so that regions
with a fixed window size is €leded and the most similar
regions acording to their texture feaures are grouped.



2.MULTI-LEVEL REPRESENTATION

In this dion, we introduce the multi-level segmentation
algorithm based on “the most similar colors in the same
neighbarhood and “most similar textures in the same
neighbarhood'.

2.1.1 Color Descriptor

Let the Euclidean distance between two neighbaring pixelsin
the Lab color spacebe

E(k,)= VLA(K,I) + &(k,) + b(k.I)

Given an image, two neighbaing pixels in 4-neihbarhood
forms a homogeneous region R, if they have the dosest colors
in the image palette with resped to he Euclidean dstancein
Lab color space Mathematicdly speaking,

E(k,)) < E(m,n), O(k,1) On , then (k) OR,

where n indicaes al he pixels in the image in 4
neighbarhood

In other words, two neighbaing pixels are merged into a
homogeneous region, when the Euclidean distance between
the mlors of them has the small est possble value in the wlor
palette of the image. This descriptor is cdled as “the dosest
colorsin the same neighbarhood'.

2.1.2 Texture Descriptor

Texture descriptor proposed in this gudy is based on the
Gabor Filter function, which can be defined as foll ows:
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where o, and o, indicaes the filter variance in x and y
diredions and W is the window size of the texture. In this
study, we use Gabor Filters with 4 dfferent sizes and 6
orientations. Note that there ae total of 24 filters, thus 24
means and 24 variances are evaluated for ead region.
Therefore aregion is represented by 48 red number (24
means+24 variances). Numericd studies indicae that Gabor
filter looses its power when the window sizeis lessthen 8x8.
Since we require the smdlest possble window size for
segmentation, the smallest window sizeis sleded as 8x8 and
gradually increased in the study.

Merging strategy for the texture descriptor can be summarized
as. At any level, merge two regions when

* Regions are spatially conreded.

*  Regions have the most simil ar texture.

Normalized Euclidean distanceis used as a texture simil arity
metric. The textura distance between region T, and region Ty
can begiven as

TD(T, T = i—rr”;_Tk’J ,

where T),; and Ty,; are the etries of the descriptor vedor
which consists of the mean and variances in region | and k,
respedively. It cen be agued that different sizes of regions
effeds the performance of the texture descriptor. This is
particularly true when the texels are bigger than thefilter size.
However, this argument is not valid when the texels are
smdler than the filter size Adaptive Gabor Filter can be
defined that cope with the éove problem.

2.1.3 Multi-Level Segmentation Algorithm

By using the &ove descriptors it is posshle to generate a
stadk of images|; . 1 starting from the original image and
iteratively growing the regions in the image I; from the
homogeneous regions of image I;.;. In the initial image, the
neighbaing pixels with the same mlor automaticdly forms
the homogeneous regions if color is used as the descriptor. If

the texture descriptor is used, since the necessary information
abou the texture caina be gained from a single pixel, initial

regions are seleded as the windows with afixed size

Two trees are independently generated based onthe wlor and
texture descriptors. The lowest levels of these trees consist of
nodes of equal-color pixels or smallest size texture windows.
Let, {R;;},i=1,....N, be aset of homogeneous regionsin level
j of atree Then, an image & this level can be represented as
mutually exclusve axd colledively exhaustive set of
homogeneous regions as
N
Ij =0 Ri,j ,
i=0
Note that Ri,j-1D Ri,j for j=l, ...... M.

forj=1,....M

3. COMPARISON EXPERIMENTS

The eperiments are performed on an image database with
images of various texture and color contents. In the
experiments, we @plied color and texture descriptors,
separately. Image:l, Il and Il indicate sample images for this
paper. The sample images are seleded among many images
with high (Image:l), medium (Image:ll) and low (Image:lll)
texture @ntent.

The multi-level trees are formed with image stadks for eah
descriptor. Due to the spacelimitations, only the top 8levels
of the stadks are shown for ead image, in figures 1, 2 and 3
Note that, at ead level, the number of regions is deaeased
by one, starting from the lowest level with all of the pixelsin
theimage and ending at the root with ore regions.

rhage:lll

Image:l nhage: 1l

Image:l is artificialy generated by combining four textures, while
Image:ll and Ill are colored..



3.1. Multi-L evel Segmentation with Texture

Multi-Level Segmentation algorithm with texture descriptor is
applied to ead image. Resulting top 8image stads are shown
infigure 1, 2 and 3 Threedifferent window sizes, 8x8, 16x16
and 3%32 are used for determining the Gabor Filter mean
values and variances.

Texture segmentation o Image:l is swown in Figure 1.a, b
and c, for various window sizes. The best representation is
achieved, when the window size is taken as 32x32. For
smaller window sizes the Gabor filter canna capture the
charaderistics of distinct textures.

Window Size=32x32

Window Size=16x16

Window Size=8x8

- -

Figure 1. Top 8 levels of the stack for Image:1.

Window Size=16x16

Lok

Window Size=8x8

Figure 2. Top 8levels of the stadk for Image:2.

Window Size=16x16

Figure 3. Top 8levelsof the stac for Image:3.

Multi-Level segmentation with texture descriptor agorithm
canna always produces the best segmentation as it is ®a
from the segmentation o images Il and Ill. Figure2.a, bandc
indicae the first 8-level of the image stadk. Althowgh at level
1, the objed and the badground are successully identified,
other levels canna be regarded as a good segmentation. This
is basicdly becaise of the window size Even for the small est
window, the segmentation is too curse to cgpture the fine
boundxry of the objed.

The window size makes an important difference when the
objeds with hamogenows regions are smdler then the
window. The dfed of the windowv size on segmentation is
demonstrated in Figure 2 and Figure 3. When the window size
is relatively large, the segmentation can only capture the big
objeds. Small objeds are aitomaticdly eliminated for these
cases. On the other hand, when the window sizeis relatively
small, small objed can be catured easily. However, thistime,
the objeds with large texture primitives are missed.



3.2. Multi-L evel Segmentation with Color

Multi-Level Segmentation algorithm with color descriptor is
applied to the same sample images. Resulting top 8levels of
stadk of images are shown for ead case.

Figure 4. Top 8 levels of a Multi-Level Segmentation Stack of
Image:1 using color.

Figure 5. Top 8 levels of a Multi-Level Segmentation Stack of
Image:1I using color.

Figure 6. Top 8 levels of a Multi-Level Segmentation Stack of
Image:11I using color.

As it is e from the Figure 4, Multi-level segmentation
algorithm with color descriptor canna segment Image:l as
good as texture descriptor do. Comparison o segmentation o
Image:1l with resped to color and texture descriptors indicates
dightly better result with texture segmentation. However,
Image:lll is better when segmented by color descriptor, when
comparing the texture gproach.

4. DISCUSSION

Content-based image description for storage and retrieva
requires appropriate utili zation o the wlor, texture axd shape
information related to the cntent of the images. The multi-
level segmentation scheme avoids the empiricd seledion o a
threshold in segmenting the image into meaningful objeds.
Merging pixels by just looking its color distance may not be
appropriate when considering textured images or images
having only the gray values. Thus, textural information
shoud be enployed to this schema. The best results can be
obtained by the mmbination o color, texture ad/or
boundxry information. However, the mmbination o different
descriptors is not eassy and requires the observation o their
separate performances. In this gudy, we gplied color and
texture descriptors sparately and compared the results of
segmentation based onthe propased descriptors..

Althowgh, individual pixels hald color information, texture
information canna be obtained from a single pixel. Texture
feaures is comparable when the windowv size is fixed.
Seledion o this fixed window size is a very difficult and
important problem. The coice of windov size dfeds
cepturing the textural information versus the qudity of the
segmentation in reverse diredions. When the window sizeis
smal enowgh, the region boundries can be catured
acarately. However, regions with large textural information
caana be cotured if the windov size is sndl. One
dternative to avoid this problem is to choose asmall window
size d initial levels. Then, at higher levels, the window size
can be gradually increased to capture the large aeas with
texture.

The single use of color descriptor is quite succesful when
the image has uniform regions with no texture. Thus, a pre-
processng can be gplied in order to find ou the degree of
texture in the image @ntent. Texture descriptor can then be
applied if the image is reasonably textured.
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