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3D object segmentation

Objects in a 3D image may be located and delineated by

@ interactive methods,

@ automatic methods, and

o differential methods that can correct errors from the previous
approaches in an interactive fashion.
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3D object segmentation

Objects in a 3D image may be located and delineated by

@ interactive methods,

@ automatic methods, and

o differential methods that can correct errors from the previous
approaches in an interactive fashion.

In this lecture, we will learn how 3D objects can be segmented by
optimum connectivity and some prior information.
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Why do we need optimum connectivity?

Pattern classifiers, such as deep neural networks, may be able to
create a membership map where object voxels have higher values
than most background voxels.

However, simple user interaction allows to separate the respiratory
system as one optimum-path tree rooted at a seed voxel A.
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Why do we need optimum connectivity?

@ In this method, an image | = (Dy, 1) is a 6-neighborhood
graph and the cost of a path from a seed set S = {A, B} to
other voxels C € Dy is the maximum gradient value along it.
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Why do we need optimum connectivity?

@ In this method, an image | = (Dy, 1) is a 6-neighborhood
graph and the cost of a path from a seed set S = {A, B} to
other voxels C € Dy is the maximum gradient value along it.

@ The paths propagate in a non-decreasing order of cost, the
seeds compete among themselves, and each seed s € S
conquers its most closely connected voxels, generating one
optimum-path tree rooted at s.

Alexandre Xavier Falcdo MO815 - Volumetric Image Visualization



Why do we need optimum connectivity?

@ In this method, an image | = (Dy, 1) is a 6-neighborhood
graph and the cost of a path from a seed set S = {A, B} to
other voxels C € Dy is the maximum gradient value along it.

@ The paths propagate in a non-decreasing order of cost, the
seeds compete among themselves, and each seed s € S
conquers its most closely connected voxels, generating one
optimum-path tree rooted at s.

@ Each object is formally defined as one optimum-path forest
rooted at its internal seeds.

Alexandre Xavier Falcdo MO815 - Volumetric Image Visualization



Why do we need optimum connectivity?

@ In this method, an image | = (Dy, 1) is a 6-neighborhood
graph and the cost of a path from a seed set S = {A, B} to
other voxels C € Dy is the maximum gradient value along it.

@ The paths propagate in a non-decreasing order of cost, the
seeds compete among themselves, and each seed s € S
conquers its most closely connected voxels, generating one
optimum-path tree rooted at s.

@ Each object is formally defined as one optimum-path forest
rooted at its internal seeds.

@ The method is also called a watershed transform from
markers, as implemented by the Image Foresting Transform
(IFT) algorithm [4].
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Why do we need optimum connectivity?

The optimum-path forest can also be updated in a differential way
(in sublinear time) from additional seeds [5].

This variant of the IFT algorithm allows to add and/or remove
seeds simultaneously for segmentation correction.
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(in sublinear time) from additional seeds [5].
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Automatic seed estimation by image processing

Seeds for each lung and traquea segmentation can also be found
automatically in a few seconds, based on a sequence of IFT-based
image operators [1].
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Automatic seed estimation by image processing

Seeds for each lung and traquea segmentation can also be found
automatically in a few seconds, based on a sequence of IFT-based
image operators [1].
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Automatic seed estimation by object shape models

An object shape model can be built from normal examples (images
and masks in a common coordinate system) and a texture model
can identify anomalous regions in test images.

A multi-object statistical atlas adaptive for anomalous MR-image
segmentation [2].

1

0
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Automatic seed estimation by object shape models

The model estimates seeds, they compete among themselves, and
the objects are optimum-path forests rooted at their internal seeds.

MR-image segmentation of the left and right brain hemispheres,
and the cerebellum without pons, medulla, and spinal cord.
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Differential segmentation correction

Finally, the segmentation result from any method can be converted
into an optimum-path forest rooted at computed seeds [7, 8] for
fast interactive corrections in a differential way [5, 12].

CT-image segmentation of foot bones.
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3D object segmentation

@ Interactive methods usually ask for some user input, that
approximates object localization, and complete delineation
automatically.
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3D object segmentation

@ Interactive methods usually ask for some user input, that
approximates object localization, and complete delineation
automatically.

@ Automatic methods usually rely on a shape and/or texture
(e.g., a neural network) object model pre-trained from a
number of interactively segmented examples.
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3D object segmentation

@ Interactive methods usually ask for some user input, that
approximates object localization, and complete delineation
automatically.

@ Automatic methods usually rely on a shape and/or texture
(e.g., a neural network) object model pre-trained from a
number of interactively segmented examples.

@ Differential interactive methods have the challenge of
e correcting errors without destroying parts already accepted as
correct,
e minimize the user effort and time to complete segmentation,
and
e update/learn an active object model from each new user input.
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3D object segmentation

As an open problem, a method should learn object models during
interactive segmentation of a given image, with minimum user
effort.

© Dynamic object modeling

J

Select Update the Delineate
markers object model the object

*
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3D object segmentation

As an open problem, a method should learn object models during
interactive segmentation of a given image, with minimum user
effort.

© Dynamic object modeling

J

Select Update the Delineate
markers object model the object

*

The object model should be active in its learning process, specific
for each image, and generalized for new images only when the
number of examples is high enough [9].
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3D object segmentation

@ Another open problem is the collaborative segmentation
among several users [6], using an (apprentice) object model
for consistency analysis among users.
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3D object segmentation

@ Another open problem is the collaborative segmentation
among several users [6], using an (apprentice) object model
for consistency analysis among users.

@ Assuming that seeds may be somehow estimated, how does a
method delineate 3D objects as optimum-path forests?
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3D object segmentation

@ Another open problem is the collaborative segmentation
among several users [6], using an (apprentice) object model
for consistency analysis among users.

@ Assuming that seeds may be somehow estimated, how does a
method delineate 3D objects as optimum-path forests?

@ How can we correct segmentation in sublinear time?

@ Object delineation by optimum seed competition is the topic
of the next lecture.
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3D object segmentation

@ Another open problem is the collaborative segmentation
among several users [6], using an (apprentice) object model
for consistency analysis among users.

@ Assuming that seeds may be somehow estimated, how does a
method delineate 3D objects as optimum-path forests?

@ How can we correct segmentation in sublinear time?

@ Object delineation by optimum seed competition is the topic
of the next lecture.

We will see now the next practical task.
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