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1. [NTRODUCT[ON

In Spa in, and par ticu la rly in the Valencian Commu nity, there is a great tradition in
the tile sec to r that goes ba ck several centu ries . It is no t surp rising therefore, that at present
a g rea t numbe r of images can be found of the tiles designed up till now. The problem of
ha ving thi s enormous quantity is mainly of being able to find among all of these, the one
that most approaches what a cer tain client is looking for. Another problem is how to store
all the informat ion on each tile in a su itable way. ln th is work it has been attempted to
address this problem, usi ng the technology and search techniques ava ilable at the
moment, since one of the fields in artificial vision that has u ndergone profound
development in the las t decade has been the study of techniques for accessing large
databases of graphic docu ments an d images th rough key images. The new advances in
telecommu nica tions, calcu lation and mul timedia technologies tod ay allow accessing large
qua ntities of di gi tal / visual information, in the so-called [mage Databases or Image
Libraries.

The d eveloped ap plication consis ts of an ima ge dat ab ase storage and retrieval
system for each tile image, and wi th these tile images, of a grou p of characteris tics tha t
will be d iscu ssed below, w hich describe each image.
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Thus, the client tha t seeks a certain type of tile, but does not have concrete data to
ident ify this particular tile can search the whole range of tiles, wit ho ut having to do so
manuall y, th rough all the catalogues tha t his company has. This provides g reat savi ngs in
time, as well as a greater sati sfaction for the client, since it saves him conside rabl e work
and time.

Colo ur, shape, texture and movement are the basic characteristics tha t allow us to
perceive, describe and recogni se objects, and hence interact w ith ou r sur round ings. In
part icular, the perception of textures plays a very important role in the hu man visua l
system. It is used to de tect and distinguish objects, infer in forma tion abo ut the or ientat ion
of surfaces and their perspective, and to determine the informa tion on the shape of objects
in three-dimensional scenes. Today textures, due to their aestheti c proper ties, p lay a very
importan t part in design for consumers and in the market ing, sales and exchange of
products. As neither movem ent nor sha pe arc typi cal characterist ics of tiles, we have
focu ssed on analysing the colour and texture that make up these images.

Therefore, the attribu tes stored jointly with the images in the database cor res po nd
to colou r and texture descriptors, extracted from the ima ges contained in the databa se. For
th is, we will need to carefully select these descriptors, which will represent a certa in
image.

The retrieva l, i.e., the search for images in a tile database, will be carried out star ting
with inqu iries on the colour and the texture that make up this image. It wi ll also be
necessary to establish an ind ication of the existing similarity between the colour and
textu re of the inquiry image and the rest of the images in the database in a consulta tion .
This will be termed the image fitting module, which enables se lecting the most simila r
images from the database according to this measure of similarity.

A fur ther characterist ic is that the implemented application will work in the et, i.e.
tha t the databa se will be stored in a centra l computer, and the consultation made by a
g iven client will take place from a rem ote computer. For this we have prepared a user
interfa ce in HTML, that is, it will be a Web site. This makes it a very simple application to
use, while it is only necessary to store the database in a sing le computer, and no t in each
computer wh ere the consulta tion is made, allowi ng low cost connection of as man y
computers as desired .

This work has been organised in the following way: section 2 describes the gene ral
struc tu re of the sys tem, section 3 conti nues with an explana tion of each method used for
obtaining the colour and texture cha racteristic, followed by a di scussion of the
measurem ent of similarity among the descriptors used and fina lly, the expe rime nts are
described which were carried out to eva lua te the sys tem.

2. SYSTEM STRUCTURE

I-laving described the problem, a schema tic illustration will summarise the system's
ove rall structure.

It shows the develop ment of a complete scheme of inform ation stora ge and ret rieval
in an image database, where attribu tes as im portant as colour or textu re a re the elements
to be ma naged in the interaction process wi th the database:
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Tis. 2.1 StTllctUYl' of tilt' system.

As Figure 2.1 shows, up to the cha racteristic extrac tion module the sche me is
identica l for the crea tion (or insertion) part of the database, and for the pa rt w he re the user
mak es th e inquiry. Let us look at each of the modules in detail :

I. Di ~iti sation : in this part, a digital photograph would be mad e of the tile, wh ich
would be en tered into the system .

2. Pre-processing: a fte r di gitising, ge ner ic image pre-processing can be ca rr ied ou t
d ependi ng on the ty pe of image in vol ved . In ou r parti cu lar case, the a pplied
pre-processing cons is ts of tra nsformati on of th e colou r space.

3. Characteristic extract ion: here it w ill be atte mpted to establish the pa rame ters that
characterise the image, based on the pre-processed image.

4.1 I ma~l> database: finally, in the da tabase creation part, these parameters a re inse rted
in the da tabase together with the image.

4.2 Fitti n~ : in this mod u le, w he n two images are compa red, one correspond ing to the
inq uiry image and the other corresponding to that in the database, it will be
necessary to find a way of calc ulating how differen t or similar those two images
are, and thi s we have called the filli ng mo d ule .

5. Output: output only makes se nse in the part in which a n inqu iry is mad e to the
database, therefore as output we will find those images that meet certain
conditions, result images.

In the se lect ion process of the images th at meet the con d itio ns expressed in the
inq uiry mad e to the da tabase, it is necessary to use so me type of similarity operator
(corres pond ing to the fitting mod ule). This simi larity will enab le comparing the ex tracted
va lues of the origina l image and those given by the image in the inqu iry.

3. CO LO UR AN D TEXTURE D ESC RII'TORS

The attribu tes that are stored in the datab ase together wit h the image correspond to
co lour a nd texture cha rac te ris tics . Good selection of these charac te ris tics is very
im porta nt, becau se ap prop riate opera tion of the w hole system depend on this.
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3.1 COLOUR DESCRIPTO RS

Due to the way a human being sees the world that surroun ds him, it is necessary to
pre-process the image before beginning to work with it. This is becau se images are saved
pixel by pixel, each one with a given RGB colour. Human beings do not see th ings in this
way; we see the surrounding world in terms of satu ration, light and contrast.

To ada pt this as close ly as possible to the way in which the huma n eye perceives
colours, perceptual colour spaces have been developed in the past, one of wh ich, the one
tha t we have chosen, is the system of !-lSI colour co-ordina tes, which tran sforms each RGB
pixel of the image into its corres pond ing HSI (Hue, Saturation, Intensity).

After transforming the image, we can now ana lyse it to obtain its descriptors. The
descriptors are set ou t below:

• HISTOGRAM METHOD

In image processin g, the histogram!" of an image is a ba r diagram tha t represents the
number of pixels tha t have a certain level of grey. In our case it will refer to the
number of pixels tha t have a certain value of red, a cer ta in va lue of blue, and a
cer tain value of green, and also for the H an d S of the image, which will be measured
separa tely, i.e., 5 histogram s wi ll be made, one for each colour component.

From each histogram, we wo uld keep the max imu m val ue, i.e., the maximum for
red, the maximum for green and the maximum for blue. But as it is suggested in'!',
when distance is calculated for colour, th is is done by looking at all the colo ur
values, i.e., a ll the "bars" of the histogram s of the images to be compared are
compa red . However, this wo uld be too exha ust ive for this application, pa rticularly
becau se a tile is not expected to exh ibit a great var iety of colours. At most, it wo uld
be expected to have three or four pred omi nant colours. Therefore, we will keep the
th ree pred ominant values of each histogram.

Otherwise, if we jus t stored a maxi mum, it wo uld be insufficien t. Consider an image
whose background is white, and the texture red for example. The background could
predomina te, so tha t we would keep the image as white, while for us, as human
beings the tile would be represented by the red and no t the wh ite colo ur.

• 3D HISTOGRAM M ETHOD

Here we make a combined histogram of the th ree colour band s, i.e., we ob tain a
histogram in three dimens ions . Because the range of colours oscillates between 0
and 255, a three-d ime nsional matr ix measuring 256*256*256 woul d be found, which
makes it excessively la rge and unmanageable. Therefore the range of 256 colour
leve ls is di vided by a certain number of colour levels, which will be cho sen when the
tests on the system are carr ied out, and which we will init ially se t a t 64, with the
possibility of changing this if necessary. This enables reducing the size of the
resulting matrix consi de rab ly.

After constructing the histog ram, we keep the maximum va lues, just as we did in
the previous method, i.e., the th ree predom inant colours in the image.
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• HISTOGRAM METHOD FOR HAND 5
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The same is done as in the 3D histogr am, but instead of using the R, G and B bands,
the H an d S bands are used.

3.2 TEXTURE DESCRIPTORS

Mul tip le definitions exist in the litera tu re for the term texture. In thi s paper we have
ad opted the definiti on given by Harlick and Shapiro'";

"A texture is defilled liy the IIllijormity, dellsity, thickness, roughness, regu lariti], intcnsiti:
and dircctionalituof discreet measurements of the tone alld of its spatial rclationshipe."

In th is definiti on it is attempted to define texture based on certa in characteristics .
These cha rac teristics will be the ones used for storage in the database. We sha ll now go on
to describe them .

• G RADIE NT METHOD

Starting with an ima ge, the images, module and phase of the image gr adient are
calcu lated!". The average and variance of the values stored in these images will be
used as texture descriptors. The attribu te obtained by this method is an ind icator of
the uniformity of the image. This method is only applied to int ensity ba nd I.

• M ETHOD OF LOCAL EXTREMES

This method attempts to give a me asure of the thickness and densit y of the tex ture.
For thi s, the number of local extremes per unit area of the image is stud ied, which
represen ts a textu re. The algo rithm that allows calcu lating the number of local
extre mes works in the following way: a given image is scanned by rows (and
colu mns), marking all those pixels that a re local maximums or minimums.

After finding the local maximums and mini mums, the character istic ' textu re
th ickn ess' is then calcu lated, wh ich is defined as:

A pixel of the image is calculated as the dellsity of local extremes of the row (or column) of
the image function ill a willdow of size IlX II centred all this pixel.

• FOURI ER TRANSFORM METHOD

The Fou rier transform 's' is one of the most widely used methods in image
processin g. The spectru m of the image is calculated, di vided in rings and sec tors.
The area tha t each ring an d each sector occupies is found . Thi s method will be
applied to the I ba nd of the image. Th is represents the energy of the image in each
of the rings or sectors .

The qu antity of energy per ring gives a measure of the thickn ess or fineness of the
texture, while the energy of each sector gives a measure of the directionality of the
textu re.
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Co-occurrences!", in a gene ral way, can be speci fied in a ma trix of relati ve
frequ encies P(i,j;d,U) with which two neighb ouring elements of texture, sepa ra ted by
a distan ce d and an orienta tion U, occu r in the image, one with property i and the
othe r wi th property j.

A matri x I'd is constructed of size (GXG), where G is the number of levels of g rey in
the image, of co-occurrences of levels of grey for a vector of displ acem ent d=(d"d).
The eleme nt (i, j) of I'd is the number of occurrences of the pair of levels of grey i arid
j that are at a d istance d. Forma lly:

P,, (i, j ) = I{« I;S), (I ,v» : I i r, s) = i, 1(1, v) = j II

whe re{(r, s), (I, v)1E Nx, (I, v) = (r+d. , S + d) Yand the module signifies card inality.
Based on the calculated co-occurrence matrix, the characterist ics of ene rgy, entropy,
con tras t and homogeneity can be found.
• MO RPHOLOGI CAL CHARACT ERIST ICS:

A powerful method for cha racter ising textures cons ists of carrying out several types
of reducing and expa nding operations of regions and analysing the resul ts. The
operation that we ha ve used is expa ns ion (bas ic operation in mathemat ical
morph ology"! which yields anothe r image as a result). A series of openings are
per formed on the original image that represen ts the texture. To carry out this
ope ra tion, one need s wha t is kno wn in math ematical mo rphology as a structuri ng
element. In this work a circle of radius h . wh ich will increase to h in each

m in , m .l>;

opening mad e, has been selected as structuring eleme nt. Once the open ing is
applied to the image, the area of the result image is calcula ted divid ed by the area
of the or iginal image.

v(h) = A( / o,O)
A(!>

This va lue v(h) is calculated for different radii of the st ructuri ng eleme nt, yield ing a
probabi lity distribution that can be used as a descriptor of the image.

• PATTERN SPECTRUM:

In this method the differen ces are established of the previous cha racteristics. This
gives us the probabil ity den sity:P E (II) = v(h ) - v(- l )

The cha racter istics found with all the method s described in this section will be the
attributes that are store d in the Database together with each.

3.3 SIMILA RITY MEASUREME NTS

It is necessary to have some meth od tha t allo ws comparison of two images of the
database or of an ima ge and a model when making a consultation. In the literature
multiple measures!" have been advanced to qu anti fy how similar the cha racter istics of
two spec ific images are . Out of these we hav e se lected two types of d istance
measurements: the Euclidean and the Mahalanobis d istan ce.
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The Eucl idean di stance, w hich is very well kn own, is calcu la ted from :

D' = I (Cd -C,.,)'
w here C" is characteristic i of image one, and C" is characteris tic i of image two.

Th is gives us a measure of the d istan ce between the inq ui ry image an d the da tabase
images. The refore af ter calcula ting the di stan ces be tween the inqu iry image and the
da tabase images, we will keep the da taba se image(sl whose d istan ce is the smalles t. If we
set a thresho ld, we can obtain several resu lt images.

The Mah alanob is distance is calculated from:

wh ereL ., is the inverse of the mat rix of co-va ria nces of the va lues o f vari ous descrip tors,
and V is the vec tor form ed by the d ifferen ce between the va lues of the inquiry image
characteris tics and the values of the cha rac teris tics of each image stored in the datab ase.
With th is it is atte mp ted to weight each characteris tic, so that some do not have a grea ter
influence than others in the resu lt, owing to the order of their numeri c va lue.

4. TESTS AND RESULTS

To ve rify w hich resu lts are acce pt able, a se ries of tes ts was carried ou t for each case:

• Co nsu lta tion only by colour

4.1 CONSULTATION ONLY BY COLOUR

• Consu lta tion on ly by texture

To conduc t the tests on colo ur, the cha rac teris tics correspond ing to the 3D and HSI
histograms were used . The experimen t was pe rforme d on a group of 20 indi vid ua ls,
whose is evaluation was req uested of the res ul t of a consultation on a specified colour.

FiX· oJ .I .1: Rl'::;Il!t:; of the em /ll a / joll:; 0 11 fO il r dif!t'fl' /l I consultations 011 cotour.
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Figure 4.1.1 sho ws the results found on making the consulta tion on fou r d ifferen t
colours. In the tests the use rs we re shown the colours on which the consulta tion was
carried out and the result of these consulta tions, and the user had to se lect how many
ima ges had the inquiry colour as predominant colour.

It is necessary to keep in mind that not all people see colours in the sa me way, so that
the results are very subjective. The diagram shows us, therefore, the percentage of
satisfaction in the resul ts for each colour used in the tests, for both the Mahalanobis and
the Euclidean d ista nce.

Nex t we present an example of a colour consultation:

Fig. 01.1.2: Consultation cillollr.

And the images obtained as a result of this consulta tion are:

O.Jlm~~eolf("ClOnjlOW' JFg
dl~..] 41699J

4 (llU&fco1ecnMl_mlM7P JPi
dUtann..2957114

12JunagicoleCClCPn_vlf)J .lP1
du1fd1Ct.-3748221

:i JIlfJ'W'coleccion_alMP'JPg
dutcnn~30736S0

9 Jim-.'cok-cnonjil1jpC
~3jln.4I

1) .hm'I!colecaonJ/lrb WI
dlrtenci.-3.&.S81Jl

21ll1af/cwecnon-"Vd;p&
dlItwClPl6l.S76i

10JuuWfIDJluJGJ16.IPS
cUt.mcur-l'317'1

14/ItIl'8l'co1tCClQfl)/dd\)pg
dutanm-409W1

3 lmr.agcolecnonlll}4 WI
wmnn...29f111ol

7 f~GLl1u/G1ll1' JIll
cUtannr] 174419

" fIlfJ6g1C01eCC1onj·~WI
du:l0mrie-4103179

Fig. 4.1.3: Rcsult (If the ( (lh IUr consulta tion.
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As can be observe d, all the images have the colour specified in the inquiry im age.

4.2 CONSULTATION ON LY BY TEXTURE

In thi s case, becau se we ha ve implemented several d escrip tors, these will be
an alysed independently, and we wiII thus be able to veri fy which work best. The tests
were cond uc ted by "non-expert" users, i.e., people foreign to the work . The experimen ts
cons isted of evalua ting the result images ob tained on carrying out a consultation only
using th e textu re d escriptors. Each individual had to se lect the on es that he fou nd
significantly similar to the inqui ry image from the resu lt images.

100
C Ma halanobis

90 • Euclidean

90

70

'" 60Cl..- 50r:::

'"0~ 40
'"0..

30

20

10

0

Test number

Fig- 4.2.1: Result»of the t'l'a {lIa tio IlS 011 the Fourier descriptor for fiPC dijJt'y('llf amsulfnfitms.

Figure 4.2.1 sho ws the res u lts obta ined making the consu lta tion on five d ifferen t
textures only using the Fou rier d escrip tor in the consulta tion. As we can see, in gene ral,
Maha lanobis works better for Fourie r, altho ug h the di fferen ce is not very grea t between
both dist an ces.

These resul ts d o not allow deciding w ith certa inty w hich di stan ce works better,
since the resu lts found are gene rally good and quite similar.

Fig. 4.2.2: Results oj tile cpa/lin/ioIlS 011 tire Gradient descriptorfor jil'l' diffcr('//! conwttotions.
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Figure 4.2.2 sho ws the results ob ta ined on car ry ing out the cons ulta tion on five
di fferent textu res only using the Gra d ient descriptor in the cons ultat ion. Unlike the
previou s case, we cannot establish wh ich of the two distan ces works better, whil e we
cannot we discard this characteristic categorically either.

Fig. 4.2.3: Results of tilt' ctJa l/latiollS 011 tlJ l' Thickness descriptorforfive tlifferellt cOllSulll1 thms.

Figure 4.2.3 shows the results ob tained on conducting the cons ulta tion on five
di fferent textures only using the Thickness descriptor in the consu lta tion. Here we can
observe that the results are generally goo d, so that th is cha racteristic canno t be d iscarded .

Fig. 4.2.4 : Nt'sults of tlu: em /uatiolls 011 the Grahl size descriptorfor fioc diJJerel1 t cOll!m lt111iOl IS.

Figure 4.2.4 shows the results ob tained on making the consultation on five different
textu res only using the Grain size descriptor in the consulta tion . With these results we
cannot assure whi ch typ e of distan ce works better, altho ugh it can be ass ured tha t this
texture cha racter istic will not be d iscarde d, since the result s are very goo d.

I'. C lI - 2!'i2
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Fig. 4.2.5: Results of tire l'l.la/ Jla ti ol/S 011 ttie Co-occurrm ces descriptor for fioc different coneuttauone.

Figure 4.2.5 shows the results obtained on performing the consultation on five
d ifferen t textures only using the Co-occurrences descr iptor in the consultation. As in the
previous cases the elimination of th is texture cha racteri stic cannot be assured, nor can it
be assure d whi ch dista nce works better.

Now we sha ll do the cons ulta tion for all the texture cha racte ristics to see the results
obtained :

Fig. 4.2 .6: Results of the evatuatiens all all the descriptors for jipl? diffen,,"tcoll:!' /llfaliollS.

Figure 4.2.6 shows the results ob tained on carrying ou t the consultation on five
di fferent textures using all the descriptors in the consultation. As we expected, the results
for the consulta tion w ith all the characteristics work much better, in every case exceed ing
90% of the images found, as well as est ablishing that the resul ts are better wi th the
Maha lanobis distan ce.

Nex t an example of the resu lt is shown that would be obtained if we looked for the
image that appears in Figure 4.2.7:
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Tis. 4.2.7 11l l1 /liry texture.

0,l lltl&glco1tcnonlltly3JPg
d>mnn e-O,OOJXll

6 1imaalcolecclon1A)y4 JPg
dlNncia-1 911663

7,IlItllficoI.cnonIJe4eJPg
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8 lirntwcoltcA)yl3 lPg diftmn.-2 1250-S4

121Iltlt&,co1~cclOn_mlML3J Jpg

dutv.cll"2.320411

9.1lJ1llfico~ccloo_mlML4_1 lPS
d.,IClCla-2.1'l9946

13:fllTltglcolecclon!/c4g.JPg
dutancill"l.347XJ9

10lLlllll&,col~cnon_tlrdy,jpS
dl,tencill"l 106863

1l .JlItlll&,colecn on...,PJP'60_3WI
d1sta:1n.-2l293 16

I j 'JlItl&glcolecclonJllP6p Wi
du:Wici...l ,4Il3'199

4.3 CON CLUSIONS

Fig. 4.2.8 l<f':'lllt of tltt' consultation.

The ex pe rime ntal resul ts obtained do no t a llow us to di sca rd any of the
characteristics described in th is wo rk since all contribute in some wa y to good ope ration
of the sys tem. There are cha racteristics that perform better for cer tain textures than others.
It is the refore advisable to use all the descriptors in the same consulta tion, thus achieving
90% sa tisfactory results.

It can also be obse rved that, as expected, the results of the consulta tion for the
Mahalanobis d is tance are cons ide rably be tter than for the Euc lidea n, since the
Mah alanob is distance, as rem arked at the beginning, equa lly takes into account all the
characteristics, while the Euclidean does not. Ot he r distances could also have been tried ,
since the literature contains d ifferent method s.
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With regard to colour, as can be observed, tests have not been ca rr ied out for the
RGB Histogram charac teris tic, since poor resu lts are expected for th is, w hich do in fact
occur. This is because of how the histogram is mad e, sin ce it collects the maximum of each
colour com po ne n t ind ependently, wi thout tak ing into account the other componen ts.
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