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Motivations

The tree of shapes (ToS) [1] is a hierarchical data structure that models a grey-level
image via the inclusion of its level lines. It is often described as the self-dual version
of the min- and max-trees.
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•The modification (shifting of the altitude of one or several nodes) of the tree of
shapes allows to design connected operators.

• If carried out uncarefully, the resulting structure may not be the ToS of the mo-
dified image and this image may present differential inconsistencies.
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The proposed modifications rules guarantee that:
• the modified tree of shapes is still the tree of shapes of the modified image ;
• the signs of the gradients of the resulting image are not inverted.

Short range altitude shifting

The Discard function is the atomic operation merging a node to its parent.
The pixels of the discarded node are assigned to its parent and its children become
children of the parent.

Short range shift: modify the altitude of a node to a target altitude within that of its
nearest neighbouring nodes (parent and children).
The short range shifting of nodeX with a target altitude of 2 can lead to the following
configurations:
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Long range altitude shifting

Long range shift: modify the altitude of a node to any target altitude within the grey level range of the
image.

•Gradually progress toward the target altitude by applying successive short range shifts until
the target altitude is reached.

• Results in the progressive flattening of the surrounding regions.
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Tree filtering

A tree of shapes can be filtered by selecting unwanted nodes with respect to a criterion andmodifying
them following a modification policy.

Applications

This filtering strategy allows the definition of various connected filters, for example:
Area opening, removing nodes of the image with small proper part.

• Criterion: Proper part lower than n.
• Policy: take the altitude of the parent through a long rang shift.

Satellite image n = 3 n = 10

Tree simplification, to alleviate the impact of the noise in the structure.
• Criterion: True for any node of the tree.
• Policy: take the mean altitude of the node’s neighborhood (parent and children).

Biological image [2]
4.2 · 106 pixels,

ToS : 1.2 · 106 nodes

n = 5
SSIM = 0.981

ToS : 4.7 · 105 nodes

n = 10
SSIM= 0.910

ToS : 2.3 · 105 nodes


