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Abstract

• Texture segmentation is the process of 
partitioning an image into regions based on 
their texture.

• Inspired by the multi-channel operation of the 
Human Visual System (HVS) for interpreting 
texture, research has been focused on using a 
multi-channel approach based on Gabor 
Filtering to mimic the operation of HVS for 
identifying different texture regions.



Terms 

• Texture segmentation

• Multi-channel filtering

• Gabor filters



Introduction

• Texture is an important property of surfaces which       
characterizes the nature of the surface.

• An important task in image processing and machine 
vision is the task of segmenting regions of different 
texture in an image.

• There is no one segmentation of an image that can be 
considered to be “right”. The right segmentation exists 
only in the mind of the observer.

Vorführender
Präsentationsnotizen




Texture

• “ A spatial arrangement of local (gray level)

intensity attributes which are correlated (in

some way) within areas of the visual scene

corresponding to surface region”.

• “One or more basic local patterns that are     
repeated  in a periodic manner”. 



Texture Properties

1. Repetition

2. Directionality

3. Complexity

This fact is very important if we would like

design a methodology for texture segmentation.



Further Investigation

How the Human Visual System (HVS) works 
on interpreting texture resulted in a robust 
approach for the texture segmentation problem.

According to the above investigation, a model 
for the HVS interpretation of texture has been 
based on multi-channel filtering of narrow 
bands .



Multi – Channel filtering approach 

  It is a multi-resolution decomposition process, 
which is similar to wavelet analysis.

One well known class of functions that are known to 
achieve both spatial and spatial-frequency 
localization is the Gabor function.

This wavelet has been used extensively in texture 
segmentation due to the ability to tune a Gabor 
filter to specific spatial frequency and orientation, 
and achieve both localization in the spatial/spatial-
frequency domains.



Texture Segmentation process 

• This process using Gabor filters involves proper 
design of a filter bank tuned to different spatial-
frequencies and orientations to cover the spatial-
frequency space.

• Decomposing the image into a number of filtered 
images.

• Extraction of features from the filtered images.
• The clustering of pixels in the feature space to 

produce the segmented image.



Figure 1. Texture segmentation process
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Texture segmentation approaches 

Supervised approaches rely on training 
methods and reference segmentations for 
performance assessment.

Unsupervised approaches mainly rely on 
subjective assessment.



Gabor Filter Characterization 

• It have ability to perform multi-resolution 
decomposition due to its localization both in 
spatial and the spatial frequency domain.

• Texture segmentation requires simultaneous 
measurements in both spatial and spatial 
frequency domains.



Gabor Filter Characterization 

• Filters with smaller bandwidths in the spatial 
frequency domain are more desirable because 
they allow us to make finer distinctions among 
different textures.

• Accurate localization of texture boundaries 
requires filters that are localized in the spatial 
domain.



Why Gabor filters are well suited for 
Texture segmentation problem?

• The effective width of a filter in the spatial 
domain and its bandwidth in the spatial-
frequency domain are inversely related 
according the uncertainty principle.

• The results indicate that Gabor filters indeed 
have both spatial and spatial-frequency 
localization ability.



A Gabor function in the spatial domain

  It is a sinusoidal modulated Gaussian.
 The real impulse response of the filter is given 

by:

 For a 2-D Gaussian curve with a spread of σx 

and σy in the x and y directions, respectively, 
and a modulating frequency of u0.



Figure 2: Gaussian function in the spatial domain 



Figure 3: Gabor function in the spatial domain 



A Gabor function in the spatial 
frequency domain

The Gabor filter becomes two shifted Gaussians 
at location of the modulating frequency .

The equation of the 2-D frequency response of 
the filter is given by:



Figure 3: Gabor function in the spatial-frequency domain 



A Gabor function in the spatial 
frequency domain

• The frequency u0 and the rotation angle θ
define the center location of the filter.

• Another important aspect of the filter is the 
frequency bandwidth BF and the orientation 
bandwidth Bθ .



Texture Segmentation steps

The process of texture segmentation using multi 
channel filtering involves the following steps:

• Filter bank design,
• Decomposition of the input image using the 

filter bank,
• Feature extraction, and
• Clustering of pixels in the feature space.



A. Filter Bank Design

Specification of the filter set properties involves:

• Choosing a set of frequencies and orientations 
that will cover the spatial frequency space.

• Capture texture information as much as 
possible. 



A. Filter Bank Design 

We test an orientation separation angle at 30°,
the number of  filters required is  6 log₂ (Nc /2)
(for an image of  width 256 pixels, 42 filters 
are required).

It is expected that the former cases should 
produce better results since we are doing finer 
quantization of  orientation, which should 
capture more texture feature.



A.  Filter Bank Design

In this case, the frequencies used for the filter are:

1√2, 2 √2,4 √2,…,and (Nc /4) √2 cycles/image width

For efficiency consideration, we do not use the 
filters at frequencies 1√2 and 2 √2, since they are 
not very useful, because these filters capture spatial 
variations that are too large to explain texture 
variations in an image.

The DC gain of the filters is set zero in order to 
prevent any response to constant areas in the 
image.



Figure 4: Filter bank 



B.  Feature Extraction of  Filter Outputs

Filter outputs by default are not appropriate for 
identifying key texture features.

A number of  feature extraction methods were 
proposed to extract useful information from the 
filter outputs.



Some of  the feature extraction methods 

• Using the magnitude response,
• Applying spatial smoothing,
• Using only the real component,
• using a non-linear sigmoidal function ,
• using pixel adjacency information.
• Creating moments based on the spatial-

frequency plane.



The operation of  some these method

Spatial smoothing is known to enhance the  
performance of the segmentation process 
because it suppresses large variations in the 
feature map in areas which belong to the same 
texture.

Each filter output is smoothed using a Gaussian 
smoothing  function  that  matches  the 
corresponding filter spatial Gaussian curve.



The operation of  some these method

A non linear sigmoidal function, which 
saturates the output of  the filters.
Their explanation was that it acts as a blob 
detector, and most textures can be 
characterized by blobs of  different sizes and 
orientations.
Pixel adjacency information using as extra 
features due to the fact that pixels belonging 
to the same texture are close to each other, so 
they should be clustered together.





C.  Clustering in the Feature Space

• At the end of the feature extraction step we are 
left with a set of  feature images extracted from 
the filter outputs.

• Pixels that belong to the same texture region 
have the same texture characteristics , and 
should be close to each other in the feature 
space.



C.  Clustering in the Feature Space

• The final step in unsupervised texture 
segmentation is to cluster the pixels into a 
number of clusters representing the original 
texture regions.

• Labeling each cluster yields the segmented 
image.



K-means clustering operation

• K-means starts by assigning the cluster centers 
to random points in the input set.

 then it starts calculating the distance to from 
each point to the cluster centers and assigns 
each point to its nearest cluster center (based on 
the Euclidean distance). 

• The next step is to recalculate the cluster 
centers as the mean of each cluster.



K-means clustering operation

The algorithm works iteratively by assigning the  
points to their nearest cluster center and 
updating the cluster centers until it converges

   and no more changes could be made.

when clustering is done, each pixel is labeled 
with its respective cluster, finally producing the 
segmented image.



Experimental Results

Results of segmentation based on orientation 
separation of  filter at 30°, performing better the 
other set.



Figure 7:  Segmentation of the five-texture Nat-5 image
Using the magnitude response for the feature extraction

(using 30 degree separation orientation)



Input  image Segmented  image



Figure 6: Filter responses 
(after smoothing with Gaussians constant sigma =  2 pixels) 
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Sigma is the standard deviation of the Gaussian filter which was used for smoothing the filter responses



Figure 7: Filter responses 
(after smoothing with Gaussians adaptive sigma ) 



Experimental Results

We do not get sharp 
localization due to the smoothing 
that is done  as a post-processing 
step to the magnitude of filter 
outputs.

To see if smoothing is really 
producing a better result, the 
segmentation of the same image 
without smoothing.



Experimental Results

Segmentation based on feature extraction steps 
was tested.

• Magnitude response from the filter bank,
• Followed by adaptive Gaussian smoothing,

  Used as input to the K-means clustering 
algorithm.





Summary And Conclusion

We demonstrated the multi-channel approach to the 
texture segmentation problem.

Based on HVS operation, the multi-channel filtering 
approach attempts to tune multiple filters at different 
spatial-frequencies and orientations to capture key 
texture information through separate channels.

A well known class of filter that have join spatial and 
spatial-frequency localization are Gabor filter.



Summary And Conclusion

By carefully designing a Gabor filter bank covering the 
spatial-frequency domain we can decompose an image 
into multi-resolutions that correspond to different 
texture characteristics.

Unsupervised texture segmentation based on multi-    
channel filtering seems to be natural approach to the 
problem.



Summary And Conclusion

At 30° orientation separation, the set filters seemed 
to capture most of the texture characteristics in the 
image and produced more accurate results.

Moreover , at 30° orientation separation, the set of 
filters are suited for general texture segmentation 
problems that exhibit wide varying texture 
characteristics.



Summary And Conclusion

Extraction of texture information from filter responses 
can be done in several ways.

• Among those, the magnitude response of the filters 
seemed to produce the most correct partitioning of the 
image.

• Another important post-filtering operation is smoothing 
of the filter outputs.

 Gaussian smoother that matches the Gaussian of the 
filter is used to smooth the output image. 
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