Appendix F
An Application for the Comparison of Popocatépet|
Volcano's Fumaroles

In this gopendix we will descibe the paradigm of Image Basal Rea®ning descibed
by [Jurisica, 0] and whose bass ansider the combination d the CaseBasa&l Rea®ning
and Image Processng and Analysis (Sedion F.1). The combination d those aeas ases
from the fad that not always the information is, acording to [Jurisica 0Q], symbadlic;
however, sometimes that information is assciated to multimedia content (images for
example). Moreover, in sedion F.2, we will proposethe mnsideration d some procedures
in arder to oltain new options to apply the paradigm (we will assime that the reader has
revised sedion 7.4 Comparing color 2D-images through their extrusions to the 5D
colorspace. Finaly, we will descibe an application d this paradigm, with ou propcsed
procedures uncer the context of the comparison d Popacaépetl volcano's fumaroles

(sedionF.3).

F.11mage Based Reasoning

F.1.1lmagesStoring

[Jurisica, 0 definestwo ways for storing an imagein a casebase
e Explicit Storing: An image is dored as abitmap that contains dl its assciated visua
information.
e Implicit Storing: There ae dored oy some usedul desciptors of the image. For
example, by transforming the rader image in a vedorial representation and bysdeding

only some of its paygors, lines etc.



F.1.2 Image's Retrieval

In the images domain one of the most important aspects to consider is the selection
of the set of the most important characteristics in order to determine the similarity between

two images and thus to achieve the retrieval process.

Independently of the process for comparing two images, it is necessary to consider
the previous preparation that they require. [Jurisica, 00] resumes that previous preparation
by considering the images segmentation in order to reduce their complexity and to identify
some objects in them. The procedures for images segmentation can be grouped in two
categories:

e Region Oriented Segmentation: Which is based in the searching of regions with similar
coloring. An example is the Multilevel Thresholding [Kurmyshev, 02] (we will
consider and explain this method in the following sections).

¢ Edge Oriented Segmentation: Which is based in the searching of abrupt changes in the

coloration that could indicate the presence of an edge between two or more objects.

Basically, [Jurisica, 00] performs the comparison between two images by using as
similarity metric the number of the required transformations in order to made them
equivalent (in section F.2 we will propose an additional metric). Among these
transformations we can find rotations, reflections, removals, substitutions or trandations. It
is useful to consider if the images are implicitly stored then the segmentation process can
be performed before they are added to the cases base, by this way we would concentrate

only in the segmentation process of the new image to compare.



F.1.3 The Process of the I mage Based Reasoning

A system that implements the paradigm proposed by [Jurisica, 00] can be resumed

in the following way (See Figure F.1):

b)

d)

Input. An image represented through a bitmap.

Originally [Jurisica, 00] didn’'t propose a way for indexing images (in the following
section we will propose an indexation scheme), therefore all the images in the cases
base are candidates to be similar to the input image.

If the images in the cases base are stored explicitly, then each one must be considered
for the segmentation process (see Figure F.1.a); otherwise, only the input image is
segmented (see Figure F.1.b).

The pair of images (the input one and each image in the cases base), both in a vectoria
representation, will be compared. The similarity metric proposed by [Jurisica, 00] will
have as principle the number of transformations applied to the input image in order to
made it similar to each one of the images in the cases base.

Output: There are returned those images which are similar to the input image.
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storing. b) By considering the images’ implicit storing (Own elaboration).

F.2 Other Optionsfor Retrieval in Image Based Reasoning

Now we will propose a second similarity metric: the comparison of images through
their extrusions to the 5D colorspace (see section 7.4). According to our procedure, there

will be returned those stored images classified as similar to the input image (see the
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algorithm presented in sedion 7.4). Due to ou processrequires the computing d 5D
geometric and Bodlean operations, the implicit storing seans to be the most suitable by

considering the foll owing desciptors for theimages

e The se& of 5D hyperprisms (extruded pixels) as®ciated with the original 2D-image.

e Thetotal 5D hypervolume of the sé of 5D hyperprisms.

[Jurisica, 0Q didn't propose a indexation as®ciated with the images This means
that in arder to sded the most appropriated images s$ored in the casedaseit will im ply to
consider all of them. However, our proposed comparison procedure hasto verify, asone of
its first steps, whether or not two images ae “initially dmilar” (see setton 7.4. This
verifi caion can be adhieved by comparing the 5D hypervolumes assciated to bah images
and dea't require any Bodean o geometric operation between them (as sem in sedion
7.4, theseoperations take placewhen the final images comparison is performed). In fad,
the 5D hypervolume of the imagesin the casedaseis one of their desciptors while the
inpu image’'s 5D hypervolume can be immediately computed after its extrusion to the 5D
colorspace Finaly, we will sded only as cadidate caseshosewhose5D hypervolumes
numeric diff erences compared with the input image, are minimal, i.e., the caseghat are
“initially dmilar” to the inpu image. Seein Figure F.2 the shematic view of an Image

Basal Rea®ner by considering the propcsed ogtions.
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FIGURE F.2
An schematic view of an Image Base&l Reasoner by considering the images comparison
throughtheir extrusionsto 5D colorspace(presented in sedion 7.4 own elaboration).

F.3 Application’s Description

F.3.1 Preprocessing and Storing Imagesin the Cases Base

We séeded a total of 76 images from [Cenapred, 03's achives Theseimages
represat some of the Popocatépet! volcano fumarolesduring the yea of 2003.The séeded

imageshave areslution d 640x 480pixels and 24bits wlor under the format JPG.



In arder to store the Eleded imagesin the casedase(the inpu image will pass
through this procedure too), they were scéed to a resolution d 320x 240 pixels and
sgmented through a processof Multilevel Threshading [Kurmyshev, 02. Through this
procedure we mnverted ead 24-bits mlor image (with 16,777,216 pssble wlors or 256
posshle valuesfor ead ore of its mlor comporents) to a 4,096 colors image (where red,
green and Hue comporents have eat ore only 16 pessble valueg. The following is an
example of the function d Multilevel Threshading ower one of the a@lor comporents

(where g(x,y) is the value of green comporent for the pixel in (x,y) and G(X,y) is its new

assgned value):
8 if 0<g(x,y)<16
24 if  16<g(xYy)<32
G Y)=1, .
120 if 112<g(x,y)<128
248 if 240<g(x, Yy)<256
Or equivaently

_1a 9(xy)
G(x,y)_lﬁt 16 J+8

Once the image has been scded and the values of its mlor comporents have been
reasggned, it will be extruded towards the 5D colorspace (acwrding to the procedure

commented in sed¢ion 7.4.

Due to we ae intereded in compare images by considering orly the volcano's

fumaroles we will try to eliminate ©me “noise” that could have impad on the retrieval



process We will consider the volcano's slhouwette as a surce of “noise” becauseit has
been olseaved that some imagespresent that silhouette wvered by snow whil e others dont
present that situation and therefore the volcano's slhouette is visualized as adarker region

(For example, seeFigure F.2).
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FIGURE F.2
Two passble stuations related with the visualization o avolcano's slhouette. @) The
silhouwette avered by snow. b) The slhouette visualized as adark region (Imagesobtained
from [Cenapred, 03).

As commented in sedion 7.4,the 5D hypervolume of an extruded ligher (darker)
pixel will have agreder (lesse) value. The stuation related to the slhouette’s visuali zaion
is dosdy linked with the final 5D hypervolume of an extruded image. Becausetwo images
with similar fumaroles ould have diff erent silhouettes ad therefore their total 5D
hypervolumes ould have important diff erencesthat could classfy them asnaot “initially
similar”. We will eliminate this “noise” by assgning to all the imagesin the casesase
(and the input image) the sane volcano's slhouette. This will be performed by computing
the union d ead ore of the 76 extruded images with a image (also extruded to 5D

colorspace that contains a @mpletely white volcano's slhouette and a black badground

(seeFigureF.3).



FIGURE F.3
The volcano’s silhouette to assign to the images in the cases base
(own elaboration).

The union of two extruded images can be performed in a very ssimple way by
considering all the intersection’s process (commented in section 7.4) except in the new 5D
hyperprism’s determination. In the intersection’s case, we determined one of the points in

the new 5D hyperprism’s main diagonal as:

(X1+1, Xo+ 1, Ry, Gy, By)
Where
R«= min{Ri, R}
G=min{ G;, G}}

Bk = mi ﬂ{ Bi, Bj}

If we are performing the union’s case, then we change the new point’s determination by:
Rk= max{ Ri, Rj}
Gy= max{ G, Gj}

Bk = max{ Bi, Bj}



Independently of the slhouette’s wlorationin the original images the union d them
with image of Figure F.3 will assgn the white slhouwette because @l its wlor comporents
are the highed possble, whil e the bladk badground d Figure F.3 won't affed the original
images badkground kecause its olor comporents ae the lowed possble (see two

examplesin Figure F.4).
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FIGURE F4
Two examplesof the asgynation d the sane volcano's slhouette by performing the union
of images(original imagesobtained from [Cenapred, 03. Remaining images Own
elaboration).

F.3.2 Implementation

F.3.2.1 Java Classes

The gplicaion was implemented uncer the Java Languege (seethe language's
spedficaion in [Gosling, 0Q). In the Figure F.5 is presaited the dassediagram for the

implementation.
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FIGURE F.5
Classes’ diagram for the implemented I mage Based Reasoner (own elaboration).

As can be seen in Figure F.5, the Java classes were grouped according to its context
in the system. Now we will describe them briefly:

e Classes ImagePanel, AboutDialog, CaseDialog and MyCellRenderer: This set of
classes is related with the system’s graphical user interface. They control events related
to input devices (as the mouse) and the aspects related to the input and output of
information, that is, the input of a new image and the output of the similar cases.

e Class GridsD: This classimplements the methods for extruding a color 2D-image to the
5D colorspace (according to section 7.4). Moreover, an instance of this class contains

the extrusion of an image (formerly, the input image), that is, its set of 5D hyperprisms.
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This dass &0 performs the procedure to compare two extruded images (acarding to
sedion 7.4), that comparison is performed between an instance of this dass ad an
instance of classCaséBR.

ClassCasel BR: This dass ontains the desciptors for an stored case that is, its seé of
5D hyperprisms and its total 5D hypervolume, the original color 2D-image, and some
additional information such asthe image's date and desaiption (text). Each ore of the
caseginstancesof the dasg are physicdly stored in devices aard dsks or CD-ROM.
ClassPoint5D: A classthat contains only the five mordinatesof a 5D spaceés point. It
Is extensively used in classe<sridSD and CaséBR to descibe the 5D hyperprisms that
composethe extrusion d an image.

ClassLightCasel BR: When an stored case(an instance of classCaséBR) is dassfied
as @milar to the inpu image then an instance of this dassis usal becaisethe anourt of
data in an stored caseis excessve to be used in the graphicd use’s interface
(particularly due to the 5D hyperprisms). In fad, an instance of classCaséBR provides
to an instance of this dasswith the casés original color 2D-image and the alditional
data (date and desaiption).

ClassPopol mageBasedReasoner: The g/stem’s main class It controls the usa’s events

andtherealing d stored cases

F.3.2.2 The Graphical User Interface

There aefour excepted inpus from the use (seeFigure F.6):
An image which will be cmpared with thasein the casedase The g/stem only allows

the inpu of imagesin formats PG and GIF (button “Push to Seled New Inpu Image”).
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e The three values correpondng to &, (the dlowed numeric diff erence between two

images correpondng D hypervolumes text field “Allowed Diff erence Between

Images”); ¢, (the dlowed numeric diff erence between the extrusion d the input image

and the intersedion ketween the extrusions of the inpu image with eat ore of the

stored casestext field “Allowed Diff erence Between Input Image & I ntersedion); &,

(the dlowed numeric diff erence between an stored case ad the intersedion between
the extrusions of the inpu image with that stored case text field “Allowed Diff erence

Between Cases ad Intersedion). The values for ¢, ¢, and ¢, are regpedively

initialized with 0.05, 0.1and 0.1, havever, the usa can modify them. See setton 7.4

for more detail s dou theseinpu values

k Popocatepetl Image Based Heasoner [ [ x}

Waiting mage Selection. .

Push to Select New Input Image

Allowed Difference Between Images
E1(0<=E1<=1) |005

Allowed Difference Between Input Image & Intersection
EaD<=Ea<=1r |01

Allowed Difference Between Cases and Intersection
EhiD<=Ebh<=1; |01

Ahout the Popocatepeti Image Based Reasoner

FIGURE F.6
The System’s main graphicd interface(own elaboration).
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F.3.2.3 Querying the System

In the Figure F.7 is presented an example of the inpu of an image. When the use
pressthe button “ Start Search” the g/stem automaticdly starts the processeselated to the
input image’s extrusionto 5D colorspace stored casesreading and the comparison between

the images ad cases Finally, when the g/stem presents the caseswvhose images were

classfied as smilar (theicon'slist at the interfacésright side).

& Popocatepetl Image Based Reazoner

Push to Select New Input Image

. Statseach

E10<=E1<=1p [005

Allowed Difference Between Input Image & Intersection

EaiD==Ea<=1) |01
Bllowed Difference Between Cases and Intersection

EbD<=Eb<=1: [0

Ahout the Popocatepet! image Based Reasoner

Cases Found: 14

2 de enero de 1998.

‘ View Case |

26 de agosto de 1997,

27 de agosto de 1997.

31 de agosto de 1997.

FIGURE F.7
An example of the System’s input/output (own elaboration).

F-14




In the found caseslist, the use can sded one of them in order to get a more
detailed related information's case Bascdly the use sdeds afound case ad push the
button “View Case” Seein Figure F.8 the information’s visuali zation for the casdabeled
“26 b gyosto de 1997 where can be gpredated, beddes the casks origina image, a

detail ed desciption d the volcano's adivity and its proper alert’'s mlor.

Case: 26 de agosto de 1997

CENAPRED's Report: Alert:

!ﬁlo largo del dia se presentaron 32 exhalaciones -
moderadas. Desde temprana hora de la manana se
obseno una persistente columna de vapor, gas v

ligera emision de ceniza muy fina que alcanZo mas de

1 km de altura encima del cratery con vientos hacia el
noreste. Alas 1913 (hora local) se registro un

termblor fuerte en todas las estaciones del volcan el ;I

FIGURE F.8
A caseés detail ed information (own elaboration).
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