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1.1. Context
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1.Introduction

The max-tree is a data structure that represents all
connected components resulting from all upper
thresholdsof animage

It Is a powerful structure that has been used in many
applicationssuch as segmentation, feature extraction,
filtering, remote sensing;

It hasalsobeenusedin interactiveapplications

The target audience of this tutorial are students and
researchergnterested in mathematicalmorphologyand
Its applicationto imageprocessingand machinelearning
problems



1.2. Tutornal Goals
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1.Introduction

Introduce the tutorial participantsto the maxtree data
structure;

Present the iamxt toolbox A maxtree toolbox that
contains efficient implementations of many maxtree
processin@ndvisualizatiorroutines

Presentthe maxtree interactivetool:

Introduce a methodology for developing automatic
applicationausingthe maxtree.




1.3.Tutorial Environment

1.Introduction

The tutorial will be developed at Adessowiki
(http://adessowikifee.unicampbr/adessg an online
collaborativeenvironment

The handson portion of the tutorial will be build upon
the lamxt toolbox  available at GitHub
(http://github.com/rmsouz®1/iamxt).

The environmentwill be availablefor the participants
until December4™, 2016


http://adessowiki.fee.unicamp.br/adesso
http://github.com/rmsouza01/iamxt
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2.1. Grayscale Image

Definition: It Isafunction:
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O Low values are black, dark
gray,

0 High values are bright gray,
white;

Figure. Grayscale image.
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2.2. Binary Image

Definition: It isafunction: o
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Figure.Binaryimage

2. Basic Concepts °




2.3. Threshold
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Figure. Left to right: original image, upper threshold, lower threshold.
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2.3.Connectivity and
Connected components

-

Figure. Connectivity 4 (right) and
connectivity 8 (left).

2. Basic Concepts

Figure. Connected component
llustration.

How many CCs are in the
figure above?
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2.4. Definitions

Definition ¢ flat zone are connected components defined
by pixels of the same grdgvel.

Definition - threshold set- Thve th[esbold set Is the set of
connected component0 f 0 B O

Definition ¢ Partition ¢ A 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.
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2.4. Definitions

Definition - Image ordering- &1 )[Uh! U

Definition ¢ anti-extensive filtercr (5 H E

Definition ¢ Connectedfilter ¢ iIs a filter in which the
partition of the input imageflat zonesis alwaysfiner than
the partition of the filtered image

5 PO (O
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2.4. Definitions

Definition ¢ extinction value consider M a regional

maximum of animage I, ang ¢  is a family of
decreasing connected argixtensive transformations. The

extinction valueX - is given by:
X(-) O0P ™t h O- A® (B

AExtinctionvaluesare a measureof persistenceof extrema

2. Basic Concepts 13
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3.1. Component Tree

AThecomponenttree is a structure for imagerepresentation
that represents every connected component of every
possiblethresholdof the image

Alt is an efficient structure for implementingconnected anti-
extensivefilters and by duality extensivefilters.

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

3. Maxtree and component tre 15




3.1. Component Tree

h= 5
h= 4
h= 3
h= 2
oy | |
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Figure. Image | =[0,5,2,4,1,1,4,4,1,0] (bottom) and component tree construction (top




3.2. Maxtree

Alt is a compact structure for the component tree representation.

h= 5 @

h= 4 % ® .-
=3 B\ =

h= 2 %‘E ,

h= 1 .- .
h= O == .

Figure. Image | =[0,5,2,4,1,1,4,4,1,0] (bottom) and-tr@ construction (top).
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3.3. Component Tree vs Mare

h= 5 : h= 5
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Figure. Component tree (left) and maee (right) of the image |1 =[0,5,2,4,1,1,4,4,1,0].
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3.4. Filtering the matxee

we Image
— Filtering — o -
FeslItULHHE

Figure. Maxtree filtering pipeline.

Max-Tree

CrsiEan

A Pruning strategies
A Non-pruning strategies
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3.5. Area open filter

WoEW) (YW= e g

Input Filterresult
Figure lllustrationof the areaopenfilter.




3.5. Area open filter
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Input Filterresult
Figure lllustrationof the areaopentfilter.




3.6. Extinction filter
F J:Ih—-_l(VV)

Preserveselevant ooo e o

maxima 0000 (o) oo (1)
ANL number of (3)(8) » D 00
roserved oo

A EX extinction
values of the
volumeattribute.

3. Maxtree and component tre

Flgure.lllustratlon of the extinctionfilter.

22




3.6. Extinction filter
W adp AW)

Preserveselevant
maxima

ANL 3leaves

AEX  extinction

values of the _
volumeattribute. Input Filterresult

Figure lllustrationof the extinctionfilter.
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4.1.Arraybasedrepresentation

AThe maxtree representation we are going to use is array
based and nod®riented,;

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

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

ANA minimally stores the parent relationship of the msee
nodes and the gray level of each node. It can also store
other attributes like area, boundinlgox coordinates,...;

4. Maxtree arraybased representation 25




4.1.Arraybased
representation

Image Node Array
0] 0| 9] Node Index
0:211:0]2:3 Rootto 011 7 3102
3:214:1|5:3 leaves 11313 311)2
6:717:018:3 direction 11213 alol2
31711
v par h a

Figure. Leftto right: sample image. NA/NI matxee representation of the sample
Image , and the node oriented mdpee illustration (node ID: h [area]).

4. Maxtree arraybased representation 26




4.2.1amxtToolbox

ADeveloped by our research group with statkthe-art
algorithms;

AAccepts 2D and 3D images of integer type;

ADeveloped in PythomMumPy loops optimized in C++ and
wrapped with SWIG.

4. Maxtree arraybased representation 27




4.2.1amxtToolbox

Figure.Classliagramof the iamxt
toolbox.

4. Maxtree arraybased representation

MorphTreeAlpha

node_array
node_index

Bc

shape
_children_list
_cum_children_list
_sh

_cum_sb_hist
_sb_updated
_children_updated
implementation

getlmage()
recConnectedComponent()
contractDR()

prune()

areaOpen()

bbox()

generateGraph()
generateCCPathGraph()
generateCCGraph()
computeRR()
computeHistogram()
getSubBranches()
getChildren()
getDescendants()
getAncestors()

clone()

compact()

N

MaxTreeAlpha

computeStabilityMeasure()
computeHeight()
computeVolume()
getSignature()
computeExtinctionValues()
mmsMSER()

mmsT()

hmax()

vmax()

extinctionFilter()
draw1DImageTreel()




4.2 .1amxtToolbox

Table Attributes storedin nodearrayof the iamxt toolbox.

Attribute Attribute

Xmax
1 nchlld 8 sumy
2 Level 9 ymin
3 area 10 ymax
4 seed 11 sumz
5 sumx 12 Zmin
6 Xmin 13 Zmax

4. Maxtree arraybased representation 29




4.2.1amxtToolbox

Codefragment Maxtree constructionexample

1 |import ramxt
import numpy as np

# Adessowiki image reading function
5 |img = adreadgray(<image path>)

T |#Structuring element conectivity C8
Bc = np.ones((3,3), dtype = bool)

# Max—tree construction
I1 | mxt = 1amxt.MaxTreeAlpha(img . Bc)

4. Maxtree arraybased representation 30




4.2.1amxtToolbox

Codefragment Maximalmaxtree simplificationmethodology

#number of leaves to preserve

2|n =8
# Height extinction values computation
4 | ext = mxt.computeExtinctionValues (mxt.computeHeight() ,

“height™)

6 | #Extinction filter

mxt.extinctionFilter(ext,n)

8 | AMMS filter

mxt.mmsT()

10 | #Displaying the resulting max—tree graph

mmgraphviz (mxt. generateCCGraph( parent_scale = True))

4. Maxtree arraybased representation 31




4.2 .1amxtToolbox

A

(a) (b) (c)

Figure.(a) Original image. (b) Result of the area extinction filter set to
preserve 8 leaves. (c) Result of the maximal4tn@e simplification filter.

4. Maxtree arraybased representation 32




4.2 .1amxtToolbox

Figure Max-tree after applying the maximal mdree simplification
methodology.

4. Maxtree arraybased representation 33




4.2 .1amxtToolbox

Figure.Sample@mages

Al Rest'tutlon Table Averagdamst
verageamx

512x512 12.7 2.6 0.3 75.6 miliseconds
1024x1024 216.7 4.3 1.3 222.3

4. Maxtree arraybased representation 34
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5.1.SignaturéAnalysis

AThe maxtree signature consists in analyzing an attribute variation
starting at a leaf node and going towards the root.
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Gray-level

Figure.BrainMRimage(left) andits areasignature(right).
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5.1.SignaturéAnalysis

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

5. Maxtree signature analysis 37
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6.1. Context

4,k
o ol

Simplesyntheticimage
Resultingnaxtree with 9 nodes.

v

Figure. Maxree of a simplesyntheticimage

6. Interactive mastree tool 39




6.1. Context

_——0 O
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Max-tree

»\ \ i

Simplesyntheticimage
Resultingnaxtree in dendrogram
Max-tree of a simplesyntheticimage
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6.1. Context

0: 0 [122980]

Resultingnaxtree in graphformat
Figure. Maxtree of a simplesyntheticimage
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Simplesyntheticimage




6.2. Motivation

512 x 512 piXElS —_ noades
Figure. Maxtree of a naturalimage
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