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1.1. Context
ǒ The max-tree is a data structure that represents all

connected components resulting from all upper
thresholdsof an image;

ǒ It is a powerful structure that has been used in many
applicationssuch as segmentation,feature extraction,
filtering, remotesensingΧ;

ǒ It hasalsobeenusedin interactiveapplications;

ǒ The target audience of this tutorial are students and
researchersinterested in mathematicalmorphologyand
its applicationto imageprocessingandmachinelearning
problems.
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1.2. Tutorial Goals
ǒ Introduce the tutorial participantsto the max-tree data

structure;

ǒ Present the iamxt toolbox. A max-tree toolbox that
contains efficient implementations of many max-tree
processingandvisualizationroutines;

ǒ Presentthe max-tree interactivetool;

ǒ Introduce a methodology for developing automatic
applicationsusingthe max-tree.
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1.3. Tutorial Environment
ǒ The tutorial will be developed at Adessowiki

(http://adessowiki.fee.unicamp.br/adesso) an online
collaborativeenvironment.

ǒ Thehands-on portion of the tutorial will be build upon
the iamxt toolbox available at GitHub
(http://github.com/rmsouza01/iamxt).

ǒ The environment will be availablefor the participants
until December4th, 2016.
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2. Basic Concepts

2.1. Grayscale Image
Definition: It isa function:

╘◑ȡ╔ᴼ ȟȣȟ▓ȟ╔Ṓᴥ╪▪▀▓ᶰ
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Figure. Grayscale image.

ǒ Low values are black, dark
gray;

ǒ High values are bright gray,
white;



2. Basic Concepts

2.2. Binary Image
Definition: It isa function:

╘◑ȡ╔ᴼ ȟ ȟ╔Ṓᴥ
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Figure. Binaryimage.

ǒ 0Ҧblack;

ǒ 1ҦWhite;



2. Basic Concepts

2.3. Threshold
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ǒ Upperthreshold:…
ρὭὪὍᾀ Ὤ
πέὸὬὩὶύὭίὩ

ǒ Lowerthreshold:…
ρὭὪὍᾀ Ὤ
πέὸὬὩὶύὭίὩ

Figure. Left to right: original image, upper threshold, lower threshold.



2. Basic Concepts

2.3. Connectivity  and 
Connected components
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Figure. Connectivity 4 (right) and 
connectivity 8 (left).

Figure. Connected component 
illustration.

How many CCs are in the 
figure above?



2. Basic Concepts

2.4. Definitions
Definition ςflat zone- are connected components defined 
by pixels of the same gray-level.

Definition - threshold set - The threshold set is the set of 
connected components ὅȟȟὅȟȟȣȟὅȟ .

Definition ςPartition ςA partition P of a set X is a set of 
nonempty subsets of X, such that every element x in X is in 
exactly one of  these subsets.

08 8ȟ8ȟ8 ȟ8᷊8 ȟɲÉ Ê
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2. Basic Concepts

2.4. Definitions
Definition - Image ordering -ÆÚ )Úȟ Úᶅ

Definition ςanti-extensive filter ςⱶ╘ ╘ȟᶅ╘

Definition ςConnectedfilter ς is a filter in which the
partition of the input imageflat zonesis alwaysfiner than
the partition of the filtered image.

ὖṖὖ ȟᶅὍ
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2. Basic Concepts

2.4. Definitions
Definition ςextinction value- consider M a regional 
maximum of an image I, and ɰʕ is a family of 
decreasing connected anti-extensive transformations. The 
extinction value צ - is given by:

צ - ÓÕÐʇ πȿᶅʈ ʇȟ-Ṓ-ÁØʕ É

ÁExtinctionvaluesarea measureof persistenceof extrema.
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3. Max-tree and component tree

3.1. Component Tree
ÁThecomponenttree is a structurefor imagerepresentation
that represents every connected component of every
possiblethresholdof the image.

ÁIt isanefficient structurefor implementingconnectedanti-
extensivefilters andby dualityextensivefilters.

ÁIt provides an attribute signature as means of
discriminatingfeaturesin the image.

15



3. Max-tree and component tree

3.1. Component Tree
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Figure. Image I = [0,5,2,4,1,1,4,4,1,0] (bottom) and component tree construction (top).



3.2. Max-tree
ÁIt is a compact structure for the component tree representation.
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Figure. Image I = [0,5,2,4,1,1,4,4,1,0] (bottom) and max-tree construction (top).

3. Max-tree and component tree



3.3. Component Tree vs Max-tree

18

Figure. Component tree (left) and max-tree (right) of the image I = [0,5,2,4,1,1,4,4,1,0].

3. Max-tree and component tree



3.4. Filtering the max-tree
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Figure. Max-tree filtering pipeline.

3. Max-tree and component tree

ÁPruning strategies
ÁNon-pruning strategies



3.5. Area open filter

203. Max-tree and component tree

A = 20

Input Filterresult

Ⱳ ⱶ═Ⱳ ░ᶰⱲ ═►▄╪░ ═

Figure. Illustrationof the areaopen filter.



3.5. Area open filter

21

Ⱳ ⱶ═Ⱳ ░ᶰⱲ ═►▄╪░ ═

A = 200

Input Filterresult

3. Max-tree and component tree

Figure. Illustrationof the areaopen filter.



3.6. Extinction filter
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Ⱳ ⱶ╝╛ȟ╔╧(Ⱳ)

Preserves relevant
maxima.

ÅNL: number of
leaves to be
preserved.

ÅEX: extinction
values of the
volumeattribute.

3. Max-tree and component tree

A CB

Figure. Illustrationof the extinctionfilter.



3.6. Extinction filter
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Ⱳ ⱶ╝╛ȟ╔╧(Ⱳ)

Preserves relevant
maxima.

ÅNL: 3 leaves.

ÅEX: extinction
values of the
volumeattribute. Input Filterresult

3. Max-tree and component tree

Figure. Illustrationof the extinctionfilter.
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4.1. Array-basedrepresentation
ÁThe max-tree representation we are going to use is array-
based and node-oriented;

ÁIt consists of two arrays: node array (NA) and node index 
(NI);

ÁNA is ordered in a way it is easier to perform tree traversals;

ÁNA minimally stores the parent relationship of the max-tree 
nodes and the gray level of each node. It can also store 
other attributes like area, bounding-box coordinates,...;

254. Max-tree array-based representation



4.1. Array-based
representation

26

Image

Figure. Left to right: sample image. NA/NI max-tree representation of the sample 
image , and the node oriented max-tree illustration (node ID: h [area]).

Root to
leaves

direction

4. Max-tree array-based representation



4.2. iamxtToolbox
ÁDeveloped by our research group with state-of-the-art 
algorithms;

ÁAccepts 2D and 3D images of integer type;

ÁDeveloped in Python/NumPy, loops optimized in C++ and 
wrapped with SWIG.

274. Max-tree array-based representation



4.2. iamxtToolbox
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Figure. Classdiagramof the iamxt
toolbox.

4. Max-tree array-based representation



4.2. iamxtToolbox
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Lineindex Attribute

0 par

1 nchild

2 Level

3 area

4 seed

5 sumx

6 xmin

Lineindex Attribute

7 xmax

8 sumy

9 ymin

10 ymax

11 sumz

12 zmin

13 zmax

Table. Attributesstoredin node arrayof the iamxt toolbox.

4. Max-tree array-based representation



4.2. iamxtToolbox
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Codefragment. Max-tree constructionexample.

4. Max-tree array-based representation



4.2. iamxtToolbox
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Codefragment. Maximal max-tree simplificationmethodology.

4. Max-tree array-based representation



4.2. iamxtToolbox
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Figure. (a) Original image. (b) Result of the area extinction filter set to
preserve 8 leaves. (c) Result of the maximal max-tree simplification filter.

4. Max-tree array-based representation



4.2. iamxtToolbox
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Figure. Max-tree after applying the maximal max-tree simplification 
methodology.

4. Max-tree array-based representation



4.2. iamxtToolbox

344. Max-tree array-based representation

Figure. Sampleimages.

Dimensions Construction Filtering Restitution Total

256x256 17.7 1.7 0.08 19.5

512x512 72.7 2.6 0.3 75.6

1024x1024 216.7 4.3 1.3 222.3

Table. Averageiamxt
processingtimes in 

miliseconds.
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5.1. SignatureAnalysis
ÁThe max-tree signature consists in analyzing an attribute variation 
starting at a leaf node and going towards the root.

36

Figure. BrainMR image(left) andits areasignature(right).

5. Max-tree signature analysis



5.1. SignatureAnalysis
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Figure. Node reconstruction before the sudden drop in the area signature value 
(right) and node reconstruction after (left).

5. Max-tree signature analysis
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6.1. Context
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Simplesyntheticimage

Resultingmax-tree with 9 nodes.

6. Interactive max-tree tool

Figure. Max-tree of a simplesyntheticimage.



6.1. Context
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Max-tree

Simplesyntheticimage

Resultingmax-tree in dendrogram.

6. Interactive max-tree tool

Max-tree of a simplesyntheticimage.



6.1. Context
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Simplesyntheticimage

Resultingmax-tree in graphformat

Max-tree

6. Interactive max-tree tool

Figure. Max-tree of a simplesyntheticimage.



6.2. Motivation
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Complete 
max-tree

~41000 nodes512 x 512 pixels

6. Interactive max-tree tool

Figure. Max-tree of a natural image.


