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Introduction

• Grey-level segmentation techniques (region or
contour based) assume homogeneity of regions

• Regions can be homogeneous in texture.

• Texture parameters provide a great amount of
information (feature maps).



Aim: Adapting grey-level segmentation methods
to  multichannel information.

Segmentation



Gradient of a vector field

• Grey-level gradient measures differences in
gray level values

• In general, gradient measures distance
between values in the n-dimensional feature
space

• If we have m channels of information:

Euclidean gradient: 22
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Gradient of a vector field (II)

• fk : kth component of multichannel image f

• First order Taylor expansion:
f(x+a) = f(x) + [f’(x)](a) + ||a||e(x,a)
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Gradient of a vector field (III)

• If we travel out from x with unit vector u:

– Distance in the attribute domain

• D is maximized/minimized by eigenvectors of DTD

– Values defined by λ± (maximum and minimum eigenvalues)
– Directions defined by θ± (corresponding eigenvectors)

Edges can be defined as a function: f = f (λ+,λ-)
We will use gradvec = λ+ - λ-

DuuDd T=



Multichannel gradient. Example

Vector gradient using 8 GLCM parameter maps

Initial image Euclidean gradient Vector gradient
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The watershed transform

•  Idea taken from the field of topograhy
•  Applied to surfaces.
•  It’s a morphological operator

We can use it for image segmentation



Watersheds  in digital images (1)

Grey level represents surface height



Watersheds  in digital images (2)

Threshold : 

Watershed transform definition (Vincent) 

Watershed lines 
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Watershed of the gradient

Homogeneus
regions separated
by a high
gradient.

W.T. W.T.



Watershed.Examples
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Watershed. Examples (II)



Oversegmentation

– Problem: Too many regions
• Noisy images
• Precise gradient calculation

We need to reduce the number of regions

Pre-processing

Region merging

Watershed

Filtrado
Selección de min.



Minima selection: Dual reconstruction

– Reduce the number of significant minima by filling
non significant minima (swamping)

– Morphological reconstruction by erosion
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Manual minima selection

Gradient +
reconstruction

Watershed
transform



Automatic minima selection (1)

Dynamics of minima.
– Reconstruction by erosion of  f(x+D) over f(x).
– Minima with dynamics < D are eliminated

Watershed D=5D=10D=20



Automatic minima selection (2)
Selection of minima on a vector gradient

Aerial image Aerial image

Selection with D = 8 Selection with D = 12



Post-processing

– Region merging
– Basins are procesed using a region adjacency

graph (RAG)
– Image is only analized once

N nodes

Final graph

 N   N-1



Multichannel merging

  • Regions are merged according to a similarity criterion
  • Two criteria have been tested:

– Difference of mean values:

– Hotelling’s T2 test
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Region merging (2)

– Similar regions search algorithm
• Test all neighbour couples in every

iteration
• Only test the axes of the smallest region

– Stop condition
• Final number of regions desired
• Threshold of similarity measure
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Feature maps
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Results



Results (II)



Results (3)



Results(4)

•Aim: Segmenting dead from live cells in a cell culture
•Texture: 3 histogram and 7 GLCM parameters (9x9 window)

Original image Segmented dead cells



Results (5)



Results(6)



Extension of other techniques

• Contour based methods, such as deformable
models can be adapted using the vector
gradient.

• We can include shape and curvature
constraints, while working in the multichannel
space.

• Results on MRI knee using variance were
presented in Lorigo et al., MICCAI 98



 Geodesic snakes. Example



Conclusions

• A multichannel watershed-based
segmentation has been proposed and tested.

• Resolution
– Depends on the size of the texture window
– Could be improved by a smaller scale

segmentation in borders.
• Works well with a known number of textures
• For specific object segmentation, other

techniques can be used. Initialization is a
subject.


