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Resum

És aquesta una Tesi que pretén, per una banda, proporcionar un conjunt de
tècniques per enfrontar–se al problema que suposa la variació del color en les
imatges preses des d’una plataforma mòbil per causa del canvi en les condicions
d’il·luminació entre diverses vistes d’una certa escena preses en diferents instants
i posicions. Per altra banda, també es tracta el problema de la segmentació de
imatges de color per a poder–les utilitzar en tasques associades a les capacitats
d’un robot mòbil, com ara la identificació d’objectes o la recuperació d’imatges
d’una gran base de dades. Aquestes tasques formarien part dels estrats més
baixos d’altres com l’autolocalització per mitjà d’imatges o la cerca d’un objectiu
preestablert en una escena.

Per tal de dur a terme aquests objectius, primerament es planteja el proble-
ma matemàtic d’establir de forma general la transformació entre colors degut a
variacions de les condicions d’il·luminació. D’aquesta manera es proposa un mo-
del continu per la generació del senyal de color com a generalització natural que
encabeix d’altres propostes anteriors àmpliament reconegudes com a particula-
ritzacions seves. D’aquesta manera es pot estudiar amb completa generalitat
i matemàticament les condicions per l’existència, unicitat i bon comportament
numèric de les solucions, aix́ı com expressar genèricament qualsevol tipus d’a-
plicació entre colors, independentment de la discretització utilitzada més tard
per aconseguir resultats numèrics. Aix́ı, queda palès la relació ı́ntima entre el
problema de la invariància de color i el de la recuperació espectral, que també
es planteja a la pràctica. A més a més, el model desenvolupat es contrasta
numèricament amb els resultats obtinguts mitjançant mètodes de regressió li-
neal, que determinen la millor transformació en termes d’aplicacions lineals i
errors de predicció.

Un cop establert el model general per la variació de color i determinats els
avantatges i desavantatges de cada esquema particular de discretització, s’opta
per un model lineal simplificat a l’hora de realitzar els càlculs a la pràctica.
Tot i que l’algorisme proposat no depèn d’aquest fet, la tria permet alleugerir
el nombre de càlculs. En particular, el mètode proposat es basa en, donades
dues imatges d’una escena, trobar la transformació més probable entre elles a
partir del càlcul d’un conjunt de transformacions possibles i de l’estimació de
la freqüència i grau d’efectivitat de cadascuna d’elles, mesurat com la distància
entre els histogrames de color de la imatge canònica i la transformada. Poste-
riorment, es selecciona el millor candidat d’acord amb aquesta mesura de ver-
semblança mitjançant un conjunt de mètodes de selecció. L’aplicació resultant
serveix per transformar els colors de la imatge tal i com es veuria sota les con-
dicions d’il·luminació canòniques.

Una vegada s’aconsegueix que el color de les imatges corresponents a les



mateixes escenes sigui constant, cal procedir a la seva segmentació per extreure’n
la informació corresponent a les regions amb color homogeni. En aquesta Tesi es
suggereix un algorisme basat en la partició de l’arbre d’expansió mı́nima d’una
imatge en les seves components mitjançant el càlcul d’una mesura local de la
probabilitat que es produeixi o no una certa unió entre components. La idea és
arribar a una segmentació coherent amb les regions reals que sigui un compromı́s
entre particions amb moltes components (sobresegmentades) i d’altres amb molt
poques components (subsegmentades).

Un altre objectiu és el d’obtenir un algorisme que sigui prou ràpid com per-
què sigui útil en aplicacions de robòtica mòbil. Aquesta caracteŕıstica s’assoleix
per mitjà d’un plantejament local i greedy del creixement de regions, tot i que les
components resultants presentin també caràcters globals (color). Tanmateix, la
tendència subsegmentadora d’aquesta aproximació es suavitza gràcies al factor
probabiĺıstic introdüıt semblant en essència al simulated annealing.

Un altre objectiu que l’algorisme de segmentació hauria de complir també
és el de generar segmentacions estables en el temps, és a dir, que en segmentar
imatges d’una mateixa seqüència, les regions generades haurien de mantenir–se
a mesura que avança la seqüència. Per assolir aquest propòsit, l’algorisme referit
abans s’ha ampliat incloent–hi un pas intermedi entre segmentacions que permet
de relacionar regions semblants en imatges diferents i propagar cap endavant els
reagrupaments de regions fets en anteriors imatges. La idea consisteix en què
si un grup de regions en una certa imatge s’agrupa formant una sola regió més
gran, les seves corresponents regions en la imatge subsegüent també s’han d’a-
grupar juntes. La correspondència es calcula amb la combinació de la distàncies
entre els colors i les posicions de les regions dins de la imatge. D’aquesta mane-
ra s’aconsegueix que dues segmentacions correlatives s’assemblin, mantenir–ne
estable la segmentació de tota la seqüència.

Finalment, en aquesta Tesi també es planteja el problema que apareix a l’-
hora de comparar imatges via les seves segmentacions. En cas de disposar d’una
eina tal, es facilitaria la comparació d’imatges en base al seu contingut. Aquesta
Tesi es concentra només en la informació de color i, a més de investigar quina és
pels nostres interessos la millor mesura de distància entre segmentacions, es bus-
ca també mostrar com la invariància de color afecta les segmentacions, fent-les
més semblants entre elles i reduint–ne, per tant, la seva distància mútua.

Els resultats obtinguts en cadascun dels objectius proposats en aquesta Tesi
avalen els punts de vista defensats, i mostren la utilitat dels algorismes suggerits
en aquestes pàgines, aix́ı com el model de formació de color tant per la recupe-
ració espectral de funcions com pel càlcul expĺıcit de les transformacions entre
colors. L’algorisme d’invariància de color permet d’eliminar la variació del co-
lor d’un grup d’imatges pertanyents a una certa escena, mentre que l’algorisme
de segmentació genera d’una manera ràpida segmentacions d’imatges de color
prou bones com per reconèixer objectes o cercar-les en una base de dades, com
es mostra. Ambdós algorismes es contrasten amb sengles mètodes àmpliament
coneguts i corroborats per tal de comprovar els seus funcionaments i eficàcies.

Aquesta Tesi també conté dues revisions de l’estat de l’art en els temes de
invariància de color i de segmentació d’imatges de color, aix́ı com un Apèndix on
s’introdueixen les matemàtiques relatives a les equacions integrals de primera
espècie, que són les que s’utilitzen a l’hora d’estudiar teòricament els problemes
de recuperació espectral i de la transformació de colors.



Abstract

This is a Thesis that endeavors, on the one hand, to provide a set of techniques
to face the problem that supposes the color variation in images taken from a
mobile platform and caused by the change in the conditions of illumination that
appears among several views of a certain scene taken at different moments and
positions. On the other hand, the problem of segmenting color images is also
dealt in order to be used in a number of tasks associated with the capabilities
of an autonomous robot, such as the identification of objects or the retrieval of
images from a large database. These tasks would shape the lowest level of other
abilities like self–location by means of images or the detection of a preestablished
target in a scene.

In order to carry out these goals, the mathematical problem of establishing
the transformation between colors in a general way due to a variation of the
light conditions is firstly introduced. In this way, a continuous model for the
generation of the color signal is proposed as a natural generalization encom-
passing several former well–established models, which become as a result mere
particularizations of it. Consequently, conditions for the existence, uniqueness,
and good numerical behavior of the solutions are studied in a completely gen-
eral and mathematical manner, as well as expressing any type of color mapping
independently of the discretization scheme used afterwards to achieve numer-
ical results. Additionally, the intimate relation among the problems of color
constancy and spectral recovery is made evident, being studied in the practical
case too. Furthermore, the developed model is numerically confronted with the
results obtained by a set of least squares fitting methods, which find the best
linear transformation in terms of errors in predicting the color change.

Once the general model for the color change is established and the pros and
cons of each particular discretization scheme are determined, by assuming some
error, a simplified linear model is chosen in order to perform computations
in practice. Even though the proposed color constancy algorithm does not
depend on this fact, this choice allows for a relief on the computational burden.
More precisely, the proposed method is based on finding, given two views of
a scene, the likeliest mapping between them starting from the computation of
a set of feasible mappings and the estimation of their frequencies and their
degree of effectiveness, measured as the distance between the color histograms
of the canonical image and the transformed one. Later, the best candidate in
accordance to this likelihood measure is chosen through a set of methods of
selection. The resulting map is then able to transform the colors of an image of
the scene as it would be seen under the canonical lighting.

After keeping constant the colors of images belonging to the same scene,
it is necessary to proceed to their segmentation so as to extract information



corresponding to regions exhibiting homogeneous colors. In this Thesis, a color
image segmentation algorithm is suggested based on the partition of the min-
imum spanning tree of the image into its components by computing a local
measure of the probability that estimates whether two components should be
put together. The aim is to get a segmentation coherent with real regions,
being at the same time a trade–off between partitions with many components
(oversegmented) and those with fewer components (subsegmented).

Another goal is that of obtaining an algorithm fast enough to be useful in
applications related with mobile robotics, where time constraints are important.
This characteristic is attained by means of a local approach and a greedy re-
gion growth, despite the resulting components still show global features (color).
However, the trend to produce too many components of this kind of approaches
is softened thanks to the probabilistic framework introduced earlier, which is
similar in essence to the simulated annealing.

Furthermore, the segmentation algorithm should also generate stable seg-
mentations through time, that is, when segmenting consecutive images in a
sequence, the produced regions should keep more or less similar as the sequence
advances. In order to attain this purpose, the aforementioned algorithm has
been widened including an intermediate step between segmentations which al-
lows to relate similar regions in different images and to propagate forward the
regrouping of regions made in previous images. If some of the regions in an
image are joined together forming a bigger single region, the idea consists in
putting their corresponding regions also together in the subsequent image. The
correspondence is computed employing a combination of the distances between
colors and positions of regions within the image. This way, it is achieved that
two correlatives segmentations resemble each other, keeping the whole segmen-
tation of a sequence stabler.

Finally, the problem that appears when comparing images via their segmen-
tations is also studied in this Thesis. In case of having such a tool, comparing
of images in regard to their content would be much easier. This Thesis focuses
only on color information and, besides investigating which is for our aims the
best distance between segmentations, it is also shown how a color constancy
stage affects the aspect of image segmentations, that become more similar each
other, being their mutual distance therefore reduced.

The results obtained in each of the goals proposed in this Thesis guarantee
the exposed points of view, and show the utility of the algorithms suggested
in these pages, as well as the suitability of the model of color formation for
the spectral recovery of reflectance functions, as for the explicit computation
of color mappings. The color constancy algorithm allows for the removal of
color variation within a group of images belonging to a certain scene, while the
segmentation algorithm produces in a fast way segmentations of color images
good enough so as to perform object identification or image retrieval from a
database, as it is shown. In addition, both algorithms are contrasted with other
corresponding well–known and tested counterparts in order to check out their
performance and efficiency.

This Thesis also contains two reviews on the state of the art of the issues of
color constancy and color image segmentation, as well as an Appendix where
some mathematics related to the integral equations of the first kind are intro-
duced. These equations are used in the theoretical study of the problems of
spectral recovery and color transformation.
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nins. I en José Ma, amb qui m’he resseguit milers de quilòmetres llampant per
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