
CASTELL6N (SPAIN) ~ QUALI 'J2Jc2002

METHODOLOGY FOR THE DESIGN OF CERAMIC
TILIN GS BASED ON STRUCTURAL ANALYSIS OF

HISTORICAL ARCHIVES

Valor Valor, M; Albert Gil, F; Gomis Marti, ] .M; Carretero Rocamo ra, M.

Unive rsida d Politecnica de Valencia. Dep artment of Graphic Express ion in Eng ineering
(DEGO

Camino de Vera sl n, 46072 Valencia.
E-mail: mvaloret'degi.upv.es: Tel.: 96 652 8447. Fax: 96 652 8499

ABSTRACT

The present comlllllllica tioll is se! ill the[rame of a research project entitled "Graphic tools
for the cataloguing and dcsigll of ceramic filillgs and fabrics ,,1, ill which it is sought to develop a
Dt'sigll Pattern information Systcm (5/,'-'100 ) for the textile and ceramic industries.

SIMOO" / is a system for design analusi«, rcsultillg data management alld creation of I I,'W

designs from the data. A modular architecture has beell defilled with functionattv different modules
that are interconnected. III aile of those modules, denominated SAEMOD: Design Pattern
Allalysis alld Editing System, a set of tools hn» bel'll developed whoseoojectit»: is tlu:application of
the scientific tlleoryofpialiesymmclry groups,fo llowillg their classic reference», to the ctltaloguillg
and design of ceramic tiling».

III the anatvsi» process, a gradual approximation is made, ill which the processed information
progrcssil'ely increases ill complcxity, from IlI I imagcformed by pixels, pia objects and cluster» of
obiccts, to the[undtnncutal parallelogram and plane symmclry grouT'.

I Th is project hilSbeen supported by the Min istry of Edu cation and Science, in the techn ologi cal Programme for Resea rch
and Develop ment (Project FEDER·CI CYT: I FlJ97-(402) an d by the companies: TAU CERA:VIICA, TAU LELL S.A. and
RAFAEL CATALA, S.1\.
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Ta/1!e 2. Cl1 111!oguillS of a ceramic tiling toith tiit'::; or motif; with 1/ dihedml sym metry grollI'.

2. ANALYSIS M ETHODOLOGY

The Analysis tool execu tes a se t of Opera tor s that act on the inpu t data (bit maps o r
vectorial image), and genera tes new ou tp ut d ata. The initia l d ata come fro m the
Acquisition database and the fina l ones, are fed into the Des ign datab ase.
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Figu re 1 shows the organisation of the opera tor s that make up the an alysis tool, as
well as their classifica tion in various stages accord ing to the com plexity of the data
involved (representa tion space used ):
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• Image space: th e pixels of an image are used , em ploy ing image processin g,
segme nta tion and lab elling techniques, until finding th e objects that make up the
Image.

• Object space: the objects made up of pixels are conve rted to groups of objects
defined by vectori al boundari es, which are com pared and whose sy mmetry axes
establishe d .

• Grou p space: these objects are grouped, also com pa ring the g rou ps of objects, an d
the object and grou p sy m me try axes are found .

• Com pos ition space: based on the comparisons'made at object and grou p level, the
repetitions and sy mmetry axes existing in the design are an alysed , determining
the fund am ental parallelogram and plane sy mmetry group.

Figure 2 depicts the image of a ceram ic motif. This motif will be used as an exa mple
in the following points to show the different workspaces and opera tors.

Figure 2: 11IIIlse example of a historical decomtiue motif.

2.1 IMAGE SPACE

In the im age space, bit map images are used (Figure 3). On being the first part of the
ana lys is p rocess, the input is mad e up of the images from the Acquisition d atabase. The
outp ut continues to be an image but each regi on (object) is conveniently labelled with an
index (va lue o f each of its pixels), which distinguishes it from the rest of the regions and
from the background.

The re are various opc ra torsl'", altho ugh a similar rou tin e is always followed:

• Smooth ing : elimination of noise.

• Seg me n tationlHlI l5111bl: decomposition of the image In reg ions differentia ted by
some attribute, suc h as colou r or texture.

• Lab elling: assignment of an index to each of the di fferenti at ed regi on s.
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2.2 OBJECT SPACE

Taking as input the labelled ima ge, a vectori al d ata struc ture is gene rated consisting
of a list of objects - whi ch will be the ou tput information of the object space - each of which
is made up of a se t of properti es (colour, area, etc.) and a lis t of boundaries (one ex terna l
one and any number - including zero - of internal boundaries), w hich delimit the object
region . The boundaries are formed by an alterna te seque nce of nodes (points) and
segme nts (stra igh t, circu m ference arches and cubic curves) arranged in a cyclical form
(the last segment is followed by the first node).

Figure 4 shows the boundar ies of the objects found in the fragm ent of the image
exa mple of Figure 2. In the selected object (fram ed in blue) the succession of nodes and
segme nts can be observed .

Inside thi s workspace, tw o clearl y differentiated phases exist, which corres po nd to
two operators:

• Vectoringl17I1 IKI: thi s approxima tes the bound aries 1191 that d elimit the ob ject by a se t
up of segme n ts (stra igh t, circu mference arches and cubic cu rves's"). This
representation is more manageab le and compact.

• Object compa rison't"; a com pa riso n is made on tw o levels, in the first place sim ple
parameters (a rea, perimet er, e tc.), and if they a re ve ry s im ilar, detailed
compa rison is mad e of their sha pe by the signatu re!" of the object (functions,
module and angle of the rad ius vector that goes from object mass centre to the
ex terna l boundar y). Th is comparison provid es the tran sformation that relates
tw o identical objects, exp resse d with a reflection regarding the horizontal ax is (if
necessary ), a rotat ion and a shift. Co mpa ring an object with itself yields the
circul ar or mirror symmetry axes that it may have.

Both the comparison data between the objects and the sy m me try axes are kept in
each object, enr iching the data structure.
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2.3 GROU P SPACE

Taking the vectorial data st ruc ture with the list of objec ts as input , we will generate
a list of gro ups, in which each group is mad e up of a group of related objects by mea ns of
perceptua l criteria and a boundary (minimum convex polygon tha t includes these
object s). ow the outpu t wi ll consist of two lists, the list of objects and the list of groups.

Figure 5 depicts the objects belon ging to the same group, su rrounded by a bou ndary,
in the sa me colour. As grouping criterion only contacts have been used.

This workspace is similar to that of objects, since work en tities (objects or groups)
are found first and they are compared later, even thou gh the me thods used are quite
d ifferent:

• Groupingl22nHn" 11251: a process is used that groups together objects rela ted to each
other by means of perceptual crite ria (inclus io n, con tac t, co-circu la rity,
co-linearity, symme try and overlapping) .

• Comparing and uniforming groups : comparison is carri ed out at two levels. In the
first place it is establishe d tha t the groups con tain a cer tain number of identical
objects, and subseque ntly the transformat ions are compared (shifts, rotations or
symme tries with slipping ), which relate the same objects be tween the two groups.
The existence of a pred omi nant transforma tion indicates that the gro ups are made
up of the sa me objects and that these are d istribute d in an equal way inside the
group to which they belong. These groups are considered equal and have been
uniformed. Uniforming is performed by substitu ting objects in groups by other
objects that occupy the same position insid e ano ther group, so that all the groups
are mad e up of exactly the sa me objects in the sa me a rra ngement.

As with the ob jects, the compa riso n da ta between groups and the ir symme try axes
are sto red in each gro up of the list.

2.4 COMPOSlTIOi-< SPACE

Ana lys ing the vec to rial data struc ture w ith the lists of objec ts and groups,
information is genera ted on the structure of the design: the two vectors that define the
sides of the fundamental parallelogram an d the plane symme try group (symme try axes
an d existing rotation centres)"!", Thi s struc tural information, toge ther with the lists of
objec ts and groups comprises the Ana lysis ou tput information .

Figu re 6 depi cts the identical groups in the same colour, and their symmetry axes
have been d raw n. The fundamental pa rallelog ram appea rs in black, an equi latera l
rhombus having been detected . On ly the groups rem ain that are contained in the
fund amental parallelogram , however without di viding any group. The yellow group
appears w ith two di fferent orienta tions. The resu lting cataloguing is CMM cons idering
the moti f with four symmetry axes, since thi s is more rest rictive than if we consider the
mo tif with two orienta tions and three axes (1'6M).

The ope ra tors of the composi tion space are as follo ws:

• Fundamen tal parallelogram: sta rting from objects or identical groups, in which the
transformat ion involved is on ly a sh ift, we seek two uniq ue vectors tha t allow us
to move between them by means of linear combina tions (these two vectors act as
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a base for the vec torial space defined by the positions of identical elements).
When there are several differen t bases, we choose the one tha t has a multiple area,
since the repeatability of the design is that of the least repeated elements. These
vec tors form two sides of the fundamental para llelogram, i.e., the m inim u m part
of the design that by replication an d di splacemen t is able to ge ne ra te it all.

• Reconstru ction: the fund am ental para llelogram represe nts repeatability, which
allows us to es tablish if all the groups that overlap, shifting in the di rection s
indicated by the two vectors of the parallelogram , are identical. If they are not , we
will eliminate so me an d we will replicate others until the design has been
homogenised.

• Ca taloguing: considering the geometry of the fundamen tal pa rallelogram, the
sy mmetry axes and exis ting rotation cent res in the design, cata log uing is done
according to symmetry group theory.

• Simplification: the content of the fun damental parallelogram and cataloguing are
sufficient to define the whole design, so that we will eliminate redundant
in formation, without however d ividing objects or groups.
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Figun' 5: Grtllll'~ !ou1Jd based mz tltc image ,'xam'11e
(Gmup space).

Figur« 6: Fundamental parallelogram content and
flJtalog/lillg of til,'example (C,mtl'("f:.'i tillll :.'PllCt'J.

3. APPLICATIONS TO THE DESIGN AND REDESIGN OF CERAMIC TILINGS.

The cata loguing results obtained not onl y enable identifying the tiling's type of
composi tiona l rhythm but also cons titu te an exce llent source of inform ati on for cera mic
tiling design a nd redesign. Thi s information mat erialises in the PF content due to its
following properties:

P. Gil - DO



CASTELL6:-J (SPAI N) mQUAJ..V12Jt 2002

• Repeating it by tra nslat ion accordi ng to the d irection s of its sides produces the
whole design .

• It can be di vided in to a number of smalle r regions, which by applying certa in
isometries genera te it. These regions correspond to the tiles associa ted w ith a
given isohed ral tiling (IH)l51.

• Figure 7 sho ws the PF and the smalles t reg ions in to w hich it can be di vid ed for
eac h ty pe of GSP. Each region is named according to the nom enclature that is
used !" for isohed ral tilings (IH ). In Figure 7 it can be observe d that there a re
reg ions with an id enti cal shape , which belong to differen t GSPs, such as the
square region presen t in the GSPs: P1, PG, PM, CM, P2, PGG, PMG, PMM, CMM,
P4, P4G and P4M. These region s wi th an identical shape di ffer from each other in
the ap p lied isometrics.

To transfer these theoretical concepts to the field of ceramic tiling design, we
propose cons idering regions wi th an iden tical shape, wh ich belo ng to di fferent GSPs,
based on w hich the di fferent composi tiona l solu tions are found accord ing to the app lied
isometri es. The study fo r the case of a square reg ion can be observed in!" I, and an
am plifica tion of thi s in!" I.
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Figure 7: The PFs ami n'g;olls of each GSP.

The outlined proposal allows tw o ac tions in rela tion to cera mic tiling design,
dep ending on w he the r redesigns or new d esigns are sought.

Redesigns are achieved by working just wi th the PF fou nd in catalogui ng or with the
sma lles t regions contained in the PF. Redesigns can be produced in the following ways:
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1. Applying, to the PF or some of its regions, different isornetries from th ose detected
during cataloguing. With thi s action new co m positions a re found using pre
ex is ting objects. Figure 12 gives a n ex am ple o f such a case. In thi s exam ple, th e PI'
and its co n ten t have been m aintained o f th e result fou nd in Fig u re 11, a nd th e
isometrics appl ied to it h ave been modi fied.

2. Changing the co n ten t o f th e PF o r o f the region by rel ocating th e elemen ts th at
th ey contain. This ca n gene ra te va rio us com positio ns, d epending o n th e
application of ce rta in isometri cs to th e new PF or region . Figure 13 provid es a n
exam ple of suc h a case. In thi s exam p le, the PF has been maintained of the result
found in th e Figure 11, a lte ring its conten t by changing the co lour o f some of its
co m ponen ts .

3. Modifying th e figure of th e PF or of th e region, with or w ithou t varia tion of th eir
co n ten ts. The redesigns a re obta ined on applyi ng di fferent isometrics to the new
PF or region associated w ith the chosen figure . Figure 14 d epicts a n ex a m p le of
suc h a case. In this exam ple, th e PF rhombus of th e resu lt ob tained in Figure 10
has m odified to a squa re PF, while the co n ten t has been m ainta ined .

The new d esigns a re m ade by fixing a type o f PF or region and setting o u t th e
di fferent compositions that ca n be p roduced depending on th e isomet ries to be a p plie d .
They ca n be found in the following w ays:

1. Co m posing a ce rtain cluster o f sha pes (tiles or motifs ) inside th e PF or selec ted
region. Th e new d esigns are ob ta ined on applying different isometries to the PF
o r d esigned region. Figu re 15 g ives exam ples found of suc h a case, us ing a
triangular region.

2. Modifying th e pol ygonal figure o f the PF or selec ted regi on in terms o f th e
cha racte ris tic isometrics of th e ty pe of GSP to be ach ieved. In this case it is
feasible, a fter modifying th e regio n figure, to co m pose a certa in cluste r o f tiles
in side it. Fig u re 16 se ts ou t exa m ples of suc h a case.

4. RESULTS

The digital images p rocessed and ca ta logued using th e d eveloped tab les co me from
three sou rces: photolibra ry o f the Instituto d e Prornocion Cera m ica (IPC ),of th e Castellon
Co u nty Cou ncil, historical ca ta logues digiti sed by this sa me Institute, an d im ages
ob ta ined by scanning books co n ta in ing collectio ns of ceramic tilingsl" l.

Fig ures 8 a nd 9 presen t a list of th e objects and grou ps of the exam p le used in point
2, with th eir sym metry axes and th e different orientati ons in which th ey ap pear. The pl ane
symmetry grou p is CMM and the geometry of th e fu nd amen ta l parall elogram is an
equi la te ra l rhombus. Each o f the different orien ta tio ns of an ob ject or grou p is d epicted in
a given co lour.
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D

Figure 8: The filllr diJfcrt'll t lypt'S (ifobjects wilh their symmetry axes (] , 1, 11111d -+ rf'sl't'cth'l·!y).

Figurr 9: The two different tYl'l'S(IfSWill'S with their symmetry axes (4 und 3 rt'sl't'cth't'ly).

Figures 10 and 11 show two or iginal images with the res ulti ng sim p lification and
ca talogu ing of the ir ana lysis, and a later reconstruction of the tilin g based on the
simp lified design .
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Resultof Figure II (1'4 1C4 1 IDOR)
PI' (C ) = IH62

Redesign (NG 1C4 / ID I R)
PI' (C) = IH63

Figure 12: Redes igns maillfa;lIin8 PF.

Resullof figure II
PI' (C) -7 C4

Modification
PF (C) -7 C2

1'2 I C2 1 IDOR (I H57)

CMM I C2 1 ID IR (I H60 ) N / C2 / 2DOR (11 161 )

Fig ure 13: Rt'dcsiStls modifyi,,:; PFcontent
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5. CONCLUSIONS AND AMPLIFICATIONS

· QUALI~2002

In this paper a methodology has bee n presented for cataloguing ceramic tilings
based on plane symmetry group theory. The met hodology has been implemented in an
ana lysis tool that includes operators for each of the different tasks it features.

C1SP nrc I BOOKS I C"TALooCES TOTAL %

PI 1 I I I 1.33
PG I ,
PM 1 I 1 " 2.77
CM 1 , 1 1.33
P2 1 1 1.33
PGG I
PMG
PM M 1 1 1.33
CMM 1 I 1 2 4 5.53
P3 I 1 1 1.33
P3 1M
P3MI
P4 4 2 6 8.00
N G 3 3 4 .00
P4M 8 I 13 32 53 70.66
P6 I I
P6M I 2 I " 2.77
TOTAL 16 I 15 I 41 75 100%

Tablt' 3: R('SfIJt~ (lb!Il;' ll'd.

The catalog uing too l has bee n applied to
date to 75 ceramic tilings, yie ld ing the resu lts
shown in Table 3. It is to be noted that 53 of
these (70.66%) correspond to the P4M
sym metry group. The reason for the
prevalence of this group seems to be because
of its own geometric structure, consisting of
parallel reflections accord ing to the sid es
and d iagonals of a square. This structure
corresponds to ceramic tilings produced
using square tiles, which are obviously the
most widely used owing to the ease of
installa tion . The scarce presence of other
groups such as PG, PGG, PMG, P31M, P3M I
and 1'6 evidence some relu ctan ce to use
certain composi tions, mainly due to three
facts:

1. They are more complex to ins tall since the tiles need to be oriented as they are
fixed , as in cases PG or PGG.

2. They cannot be ma de wi th square tiles, as in cases P31M, P3Ml or 1'6.

3. Their design requires certain mathem atical knowledge, with which the designer
is usually unfamiliar.

The tes ts carr ied out show that the tool achieves the objectives in a sa tisfac tory way
with most of the processed images. Only certain images, coming from pho togra phs of old
manufactured motifs (containing irregul ariti es in the objects and colour differences),
gene rally deteriorated (di rt and breakages), cannot be ana lysed cor rect ly. The border s of
the pieces can a lso be prob lemat ic. Neverthe less , the operators tha t incorporate
reco ns truction (compari ng an d uniforming groups , and reconstruction by the
fun damental parallelogram) enable so lving some of the previously mentioned problems,
whenever these are not too decisive

The tests performed show that on an image level, the images must have sufficient
reso lution. That is to say, an object needs to be represented by a large nu mber of pixels, so
that the size of the pixels can be di sregarded and the existence or absence of certain pixels
in d ifferent representa tions of the same object is not decisive. It is also necessary for the
image to con tain enough repetitions to ena ble extracting the fund am ental parallelogram.
These two requiremen ts: greater reso lution and larger ex tension require bigger images,
needing larger memories and grea ter processin g speed . Unprocessablc image sizes can
occur, making it necessary to adopt a compromise so lu tion, for example, by not taking
into account the sma lles t objects and only working with sufficien tly large ones.
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As amplifications of the analys is tool, it is sought to ob tain the minimum region
(pa rt that can regenerate the design based on shifts, rotations and reflections), as we ll as
to use the ca taloguing in format ion (axes of symmetry of objects and groups and plane
symme try gro up) to reconst ruct the image.

Further, d ifferent applications of the results of the cataloguing have been set out in
design and red esign tasks in ceramic iloor and wa ll tilings. The importan ce of these
applications in the design areas of the compa nies in this sector allows conside ring
implementing new design methodolog ies that fos ter design er crea tivity. These
applications form the core of the research work currently being under taken by the
au thors.

Finally, it sho uld be noted tha t the tools and applications described, using
info rma tion sys tems such as SIMOD which facilit ate retrieva l of a great volume of graphic
info rma tion on cera mic tilings, facilitate the integration of all the activities relating to
two-dimensional decorati ve motifs in a single compu ter-aided design enviro nme nt.
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