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A present facet in improving the qu ali ty of the des ign process for ceramic floor and
wall til e co ns is ts of optimiziug co mp uter image-processing tools . such as compu ter
programm es (filters], since ceramic decorati on is nowadays mainly carr ied out with the aid
of comp uter-aided design sys tems.

Th e first part of the study provides an int roducti on to the image digita liza tion system.
th e basic co ncepts of image processing and convolution filters.

The develop ment of a nou-linear algorithm is presented . which allo ws perform ing
the convolution ope ration for image enha nce ment. without fur th er noise being introduced.
Th e ch oice of the model is justified , as well as the reasoning which led to its derivati on.
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1.- INTROD UCfION TO AN IMAGE PROCESSING SYSTEM

Design pl ays an increasingly important part in developing ceram ic products. as the
success of a product is to a large extent based on its technical and aesthe tic charac teris tics.

Since roughl y ten years ago. computer sys tems have become an essential part of design
departmen ts in the ceramic sec tor, du e to the industry's need to crea te models for aesthe tica lly
innovative ranges at great speed.

Th ese computer programmes can be put int o two categories: the ones that work on
vectorial designs, in which the images are composed of lin es and curves and th e on es Ihat
work on bit maps, in which the image is made up of a fine grid of pixels. This present work
was carried out in the field of the latt er kind of applications.

In compnter-aide d design sys tems , image processing takes place by mean s of four
pro cesses: input , visual representation, man ipulation an d output.

1.1.- Image captu re and digita lization :

In th ese systems , the first s tage is the capture and digitalization of th e im age by input
devi ces (scanners , video cameras, CD ph oto systems, digital ca meras), which transform the
information containe d in the image (luminous intensity, colour) int o elec trica l signa ls, which
will th ereaft er be pro cessed [11 .

A digitalizer converts an image int o a suitable numerical code for a digit al computer.
Th e most commo nly used digitalizer in the ceramic sec tor is the scanne r.

A scanne r is basicall y mad e up of an optical sys tem which explores th e photograph
and examines the luminosity of eac h do t of the image.

This explo ring process is done by ph otoelectri c cells. yield ing analog-typ e data. which
by means of an ana log-digital converter, are transformed into digital informati on (a binary
number), whi ch can be processed and stored by the computer.

Depending on the qua Iity of th e ph otoelectric cells, there are several types of sca nners.
Th e ones that handle shades of grey, assign a value 0 to bla ck and 255 to white, th rough the
rem ain ing valnes that correspond to different shades of grey. A maximum of 256 is chosen
because the eye cannot eas ily discern mor e sha des of grey. Th ese readers are th e least
commonly used kind , since one of the most important item s for ceramic design , namely
colour, canno t be handled.

In the case of colour scanners, the sys tem separat es the colour components into the
basic values which form colours as perceived in human vision: red, gree n and blue. Each
one of these three primary colours has a range of valu es from 0 to 255. When the 256 possib le
values of red are combine d with the 256 possible values of green and th e 256 valu es of blue,
the Iota I number of possible colours lies around 16.7 million (256 x 256 x 256) [2].

The scanner's resolution dep ends on th e acc uracy of its photoelectron ic sys tem. and
is measured by the number of pixels per inch. Th e greater th e number of pixels, th e grea ter
the definition of the image.
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The main problem faced by colour scanners is the great am ount of informati on th at
can be contained by an image of th is kind. On scanning at 300 dots per inch . for exa mple. a
20 x 20 cm til e will contain 5.6 mi llion pixels, for each of which 3 byt es of information are
required. The resulting image thus takes up 16.7MB of storage capacity.

1.2.- Visual representation of images in the computer:

After th e sca nner has thoroughl y explored the image, it is conveyed to the comp uter ,
wh ere it can be manipulated as the designer wishes.

Th e way the images obtain ed by the scanner are visu alised on the scree n depends on
the monitor and the type of grap hi cs card installed . Normally the monitor has mu ch less
resolu tion th an the sca nn er. To work with the images obtained by th e scanner, the image
control software is able to convert th e image in to a forma t that is visible on screen . This is
don e by grouping several pixels together in to just one , and calcu lating an intermediate
valu e.

Before starting to retouch images , the monitor has to be ca libra ted, as otherwise the
final image could turn out to be very unlike the one shown on th e scree n.

1.3.- Image processing in the computer:

Th e image input to the computer contains all kinds of different information: sha pes,
colours , textures , brightness, contrast. etc. With computer applicati on s one or severa l typ es
of information ca n be extracted, ignoring the othe rs. All these opera tio ns together form
wh at is kn own as process ing.

1.3.1.- Digital image filtering techniques . Convo lutio n.

Th e simplest op erations of all those used for image treatmen t are th e pixel or dot
opera tions . This type of function applies a transformation to the luminance of eac h dot in
an ima ge, a fun cti on which does not dep end on any data exce pt for the prior valu e of the
luminance involved .

An example of such operations is com plementation, whi ch cons ists of replacing the
luminan ce value in eac h dot for that of its complemen tary value. The effect obtained is the
digital negative of the image. (Figure 1.)

Area op eration s mean th at more than the func tion and the luminance of the dot hav e
to be known, as they modify th e appearance of each pixel in terms of the luminance value
taken by the surrounding do ts.

Th ere are opera tions that can be implemented directly, th at is , without any need to
con volute th e ima ge.

One of th ese, for example, is the median filter. In thi s operation, the surrounding area
of each pixel is taken , and the central pixel is replaced by the median value of the surrounding
area. Th e effect obtained by applying the median filter is a softening of the im age, gett ing
rid of isolated do ts, which are generally attributa ble to no ise, without blurring the ones at
the edges too mu ch . (Figure 2.)
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Convolution calculates a new light intensity for a pixel from the light intensities of the
neighbouring pixels. Each neighb ouring pixel contributes in a percentage of its value to the
calculatio n of the new pixel. Th e concept for defining this process is ca lle d "we ighting",
and is done by the use of the convolution nucleus. Each element of th e convolu tion nucl eus
is called a coefficient of convolution [31. The following diagram sche ma tica lly depicts a
filter based on a convolu tion nu cleus and the way this should be applied to the convolution
of an image.

SOURCE
IMAGE

-------I.-I 0.- 1 1.-1

Local Pixel lhal is modified and
So urce - 1.0 0.0 1.0 neighbouring pixels

i - I. I 0. 1 I 1.1

X Multiplicat ion element by
clem ent

Convolution -1.- 1 0.- 1 I.- I
nucleus

-1.0 0.0 1.0

-1.1 0.1 1.1

"","00 the '0" 'OW" "' \
by the sum of the products

\
Resulting

image

Schemat ic. diagram of the convolution filtering process

The best way to explain convolution is to take a simple example. In the preceding
figure we can see that the nu cleus of the convolution filter is a 3 x 3 matrix which contains
fixed numbers. whi ch are the filter constants:

(

I I." i ;
FILTER = f -I.o f o.o

f ·1.1 f o.,
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Th e filter calcula tes a new value for the ligh t intensity of each pixel, by means of the
in formati on from the neighb ouring pixels:

If we consi der the matrix of light inten sities of the source image:

S .I._1SO.-I SI.-I

[S] = S ·1.0 So.o S,.O

S .I.I So., SI.I

If we cons ider the matrix:

[fl =

9

9

9

9

9

9

9

9

9

thi s is th e so-called low-pass filter, which cons ists of calculating the ari thm et ic mean
of all the light in tensities of the neighb ouring pixels.

A high-pass filter would be:

o -I 0

[fl= -15 - I

() .} ()

Convolution filters are lin ear in the sense that the reference nucleus [11 is a ma trix of
cons tants and does not change, whatever part of th e image this is applied to.

When the reference ma trix changes its content, depen ding on the light intens ities to
which it is applied, then th e filter is called non-linear.

The size of the nu cleu s mat rix can be grea ter than 3 x 3, which could be co nsidered
the lowest efficie nt value.

Th e study an d effect of ima ges filters can be fur th er found in mon ographs such as [41.

1.3 .2.- Detection filt ers: gra d ie nts and Lapla cian

One problem of great int erest in image pro cessing is the enhanceme nt of profi les and
their detection . There are two fundamen tal concep ts under lying profil e onhan ceme nt and
detection , and these are:
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1) Th e Gradient of a fun ction g(x.y) of two variab les is:

[ , [ ,dg ' dg'
grad(g) = -J+ -J

\ dx dy

2) Th e Laplu cian of g

d'g d'g
[ (g)= - , + - ,

dx: dy:

On e way to implem ent these filt er s can be found according to th e co nvo lution
sc hema tic.

For example. to implement the directiona l gradient of an image. thi s can be don e by
mean s of one of the following reference filters :

o - I 0 - I 0 0 00 0

If I = 0 o Lfl = 0 o [fl = - I o

000

Hori zontal

000

Hor izontal/Vertical

000

Vertical

Th e effect of the grad ient filter is a binary digital image that provides the borders of
the image (see Figure 3).

A discrete way to calculate the Laplacian would be from

d 'g
- , = g( x+ I )- 2g(x)+g(x - l)
til"

d ' g
dr' = g(y+ I )- 2g(y)+g(y- l)

£ (g) = -4g (x .y )+ g (x + I ,y )+g (x - I.y )+g (x,v+ I )+g(x,y- I)

This formula can be rewri tten with the convo lution filter scheme. which would provid e
the foll ow ing reference matrix:

- I 0 - I

- I 0 - I
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Th e effec t of the Laplacian fil ter can be seen in Figure 4.

..:~ QUALI~ 96...

To obtain enhancement from th e Laplacian, it is enough to cons ide r the referen ce
matrix

- I 0 - I

[f] -= 0 4 0

- I 0 - 1

Horizontal enhancement is obtained hy

0 - I 0

If] = 0 2 0

0 -I 0

and vertical enhancement hy

0 0 0

[f] = -I 2 - I

0 0 0

1.3.3.- The Fourier transform and the Gibbs phenomennn

Th e fun damental hypothesis of Fourier analysis is as follows:
"Any signal can he hroken down into an infinite number of sinusoidal com pone nts

defined by their frequency. amplitude and phase".

In pra ctice, this breakdown is done in a finite number of compo ne nts . which en tails
some advantages and drawbacks:

Unde r thi s hypoth esis, the Fourier tran sform is an op eration that allows us to work in
a simpler way in a frequen cy space (domain) .

The Fourier tran sform gives us the so-called "spectru m" of th e signa l, which incl udes
the separa tion of the frequencies , and for each of these we have the information on amplitude
and phase.

We can rever t th e process and reconstruct the original signa l from th e frequencies ,
their amplitudes and phases. This process is done by the so-called inverse Fourier transform.

Since our representati on of the signals is di screte, (by means of a finite numher of
points) , the discrete Fourier transform conside rs a finite numher of frequen cies . and the
highest of these will determine a typ e of dis tor tion known as "a liasing", which co n fuses
info rmat ion given in the same pha se.

The effect of the filter for focusing edges hased on the Fourier transform is sho wn ill
Figure 5.
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The fundamental app lica tions of the Fourier tran sform are as foll ows:

1) To ana lyze a signa l for ana log transmission. The Fourier transform is calcula ted
and from the signal a finit e nu mber of frequencies are transm itted along with their am plitude.
to be subsequen tly reconstructed.

2) This mean s that the operation wi th convo lutions can become very stra ightforwa rd.
as it tran sforms this spatia l opera tion in to a simp le multiplicati on in the frequen cy domain.

3) Th e calcula tion of the Four ier tran sform is pains taking as this requires a number
proportio na l to N' (multip lica tions]. where N is a nu mber of severa l th ousands. Sti ll . thi s
calculation can be speeded up to obta in a number proportion al to N log, N multiplicati ons
by mean s of an intell igen t algorithm called the FFT - Fast Fourier Tran sform .

Disad vantages of the FT:

1.- Since the signals contain jum ps . the Fourier ana lys is produces the unpleasant
Gibbs phenomenon (see the enla rgement of Figure 5) which co nsis ts of introducing
osc illa tions and noise around these discontinuities. wh en one proceeds to rec ons truct the
signa l. from a finite nu mber of freque ncies .

2.- Th e Four ier transform separa tes the frequencies. but is not local in amplitude.
which implies th at every error mad e in every frequency is perceived in all th e other
frequen cies.

2.- THE AIM OF THIS WORK:

The reproduction of the origi na l images can deteriorate for different reasons . but the
effec ts produced are mainly of two types. The first of these is the int roducti on of th e 50­

ca lled "white noise". which genera lly gets in th rough an error in the da ta tran slated by the
sca nne r eithe r by numeri cal mistakes in the cod ing or decoding of the data. White noise is
well-known by television vie wers . as the "snow" that forms on the screen, Just as important
is the blurred effect. loss of contrast or haze. whi ch is the other commo n ly found typ e of
image deteri orati on . In thi s work we will deal with the second of these ph enomena.

Th e study shows how a new image-pro cessing tool can be cons tructed . (on e that is
not offered in software packages for image processing). wh ich is useful for improving the
qua li ty of ceramic des ign. Th is cons ists of a filter which gets rid of blurring and recovers
profiles. without introducing the snow effect or othe r typ es of noise.

Blurring does not genera lly arise in computer probl ems . as occ urs with noi se. but in
"phys ica l" ones. Th ere can be a wide range of diffi culties. from a possible lack of focu sing
of the image at the start. to the loss of resolution in the sensors . going through any kind of
disturban ce of the medium (su ch as air ioni zati on ). In spite of all the care taken with the
ap para tus . th e number of images th at deteriorate in any process does not cease to be
sur pris ing. It is furthermore we ll known . that many filters used in so ftware pa ckages for
image processing also produce blurring. A simple enlargeme nt or filters that remove noise.
for exa mple. often res ult in a loss of contrast or profil es.

It is indeed true that most software packages for image processing include enhanceme nt
programmes. but. as set out below. these do not solve the prob lem that arises. On one hand
it can be sa id that noise and blurring are oppos ites in the sense that one arises when an
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attempt is made to ge t rid of the other. But the filters found on the market are of a linear
nature, which we have alrea dy see n means producing the Gibbs phen omen on. Neverthe less
the main disad vantage is the diffi culty of defining th e profiles , which are lost as th e image
blurs and canno t be recovered in the enhance me nt process , because they are not detected .
Th e resulting image enhancement depends to a large ex tent on the profile detector.

It is th us clear that the problem of enha ncement is far from so lved. Tbe im portan ce of
overcoming th is drawback to obtain minimally satisfying results forces one to look int o
new approach es for solutions.

3.- THE MATHEMATIC MODEL:

In optical engineering. it is well known that blurring can be mathem ati call y modelled
by means of paraboli c di fferential equations, of which the best-known is the heat equa tion:

u= au
I xx

u(x,O) = uo (x) I a>O e-o I

where Uo (x) would in th is case be the fun ct ion that indica tes the value of the ligh t
intensity of the source image in the pixel x, and u

l
and u" respectively represen t th e first

derivative in respect of time and the sec ond spatial deri vati ve of the solution fun ct ion.

Th e parameter ac-Ois related to the rate at which contrast is lost and blurring increases.

After a ce rtain time. to ' the solution of the equa tion, u(x.to) represents the light
intensit ies of the image that is obtained.

A firs t way to tackle the enhance ment pro blem could consist of invert ing th e previous
prob lem . that is:

Given ulx.t. ), (the image that we have), find Uo(x) =u [x. O}, by verifying u
l
=a u" for

any O<t<to'

Even withou t knowing to , it might be possible to solve the equation "backwards"
(reverse tim e) and stop when a sufficien tly h ighlighted image is obtained .

The matter is unfortuna tely not quite as simple as th at , as th e heat equation is not
gene rally reversible (that is. its inverse is an "improperly set" mathem atical problem : it is
unsteady in the se nse th at a sma ll error in the data can give rise to a large error in the
so lu tion, and there is not only one solution). To illustrate th is a physi cal examp le cou ld be
used: if one has a piece of pa per and th is is burned, (knowing all the conditions ) it can be
determined wh at it will be like after a certain tim e. On the other hand , if we are given a
burnt pi ece of pap er it is impossible to know what that paper was origina lly like. (There are
an infinite number of shapes and sizes which could produce the same burnt sheet). The
process is physically irreversible.

Th e physical example is also useful for explaining why the heat equation is used as a
mod el : on very hot days outdoor sce nes are not so well defined as on cold days , when these
ima ges are sh arp er.
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This impossibility to comprehe nsive ly reverse th e heat equation (and parabolic
equations in gen eral) means th at we have to search for other models to obtain enhancement.

Th e idea is to "locall y invert" the heat equation by means of a non-linear process .
This ca n be done by a recently derived Osher-Rudin model ((5]). which cons is ts of the
equation:

U, + F (ux) (u) = 0
u ix .o} = UD [x]

(where in thi s case U
D

[x] is not the original fun ction but the deteriorated one) and it
can be obse rve d th at there are several imp ortant asp ects to the behaviour of its solution:

A) Th e solution of thi s mod el is of th e kind known as "steady" (for example. th e
so lution no longer vari es in a visuall y detectable way from a to)

B] Th e solution creates jumps in the points of inflection (the ones where u" changes
sign).

C) Th e solu tion has th e same contrast as the or iginal. in the se nse tha t th e local
maximums and minimums are maintained.

Point [B) is important sin ce the inflection curves match the profiles in two dimen sions.
Th e solution of the proposed equation thus gives us a steady image (so that on e does not
have to be concerned about how long is required to to complete the resolution). which
corres ponds to the deteriorated image. but with the detectable enhanced profiles.

Functi on F is the one that carries out the task of detecting the profiles and ha s to
comply with two conditions:

1) It must be continuous. in the math em atical sense , so that the probl em has a stable
so lution.

2) F(v) must have the same sign as v.

eve rthe less . and in spite of any function with these properties taking us to the desi red
so lution. the cho ice of F is the key to final quality (it allows the steady sta te to be reached
soo ner or later. and finding or not finding certain profiles).

4 .- DESCRIPTIO N OF THE ALGO RITHM:

In order to solve the equa tion , two factors were taken into account: spee d and quality.
Both points tend gen erally to be opposed and a balance ha s to found between final product
quality and th e time required to obtain it.

This equation. in two dimensions, is as follows:

u,+ F(f (u)) Igrad(u) I =0
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wh ere f lu) is the Laplacian of u . and grad (u) its gradi ent.

~:~ QUAlI~ 96"'.

Our first atte mpts turned to the math emati cal model. First F has to be chosen to detect
the largest possib le number of profiles. For this purpose we took

[

1. v>O
F(v)=signo (v)= O. v=O. and we convoluted thi s with different nuclei in order to "soften"

- 1, v<O

th e fun cti on (to mak e it possibl e to differen tiate thi s with no probl ems). up to:

v

F(v)= - - - -
1+lv l'

The softer the F. the steadier the solution (less possibility of error ar ising). hut the
longer it takes to detect deteriorated profiles, so that the choice of F is mad e in accordan ce
with the deterioration of the image. For the examples tested. it sufficed to use the last function .

We also worked with the Lapl acian. The one we used is of the form au" + buX>.+ cu ,~

+ du ,,' wh ere a. b. c and d are parameters whi ch adjust th e horizontal, diagon al and verti cal
detehoration. As we do not have any da ta in th e cases studied , it was assumed th at
a=b=c=d= l . If ad ditiona l data were available (for instan ce if one could roughl y foll ow the
di recti on of the screen ). the parameters could be read justed .

Finally. we get to the algorithm used. Th e equation is non linear. as the coefficient of
grad(u). F(L(u)) , clearly dep ends on the same solution. One way to tackle the problem wou ld
he to co ns ide r the equation locall y (subdividing the image) and cons ide r thi s to be locally
lin ear (F(L(u)) cons tan t in eac h part). The other is to attempt to ap ply stric tly no n-linear
methods which already proved their worth in other typ es of problems. In parti cular. we
used ENO and PHM methods ([6 1.[7)) to implement the algori thm. these being of high order.
so that the quali ty of the calculated solution is high. and though not being so fast as the
linear methods . or the non- linear firs t order methods. their respective rat es are often qui te
alike.

- S55-



QUALI~96 "'..••~. G \STELL(lN (SPAIN)

Flow d iagram of the non-linear enha ncement a lgor ithm:

I SO URCE IMAGE I
{!r

SELECT ION Of PIXELS

{!r

[s]=
s s s
S ·1,· 1 S O"I S I " 1

S · I ,O S O,O S I,O
· 1,1 0 ,1 1,1

CALCULATION Of THE COEffICIENTS Of THE REFERENCE
MATRIX FROM «S» LIGHT INTENSITI ES

f ~"I ?"I( 1,, 1

( 1.0 ~,o ( 0
. 1.1 0 ,1 1.1

CONVOLUTION Of If] CON [S]

Note that If,l dep ends on lSI

5.- EXPERIMENTAL RESULTS:

Th e effect of the filter presented in this work on the same image on which th e edges
were focu sed by mean s of the Four ier transform can be see n in Figure 6.

Th e Gibbs phen omen on appea rs in the form of very dark or very light points , as can
be obse rved in Figure 7. 1. This phen omenon is not found when the enhanceme nt filter that
we have prep ared is used , as shown in Figu re 7.2. It can also be see n that the enha nceme nt
obtaine d by our filter is consistent wi th the origina l image, in the sense that all the profil es
are enha nce d in an even manner, unlike the Four ier type filters, where some zones are
excessive ly enha nced and othe rs are left almos t un ch anged. In the same way, we must
stress th e fact th at in Figure 7.1 the light in tens ities deteri ora ted, whereas th ese were
maintained in Figure 7.2.
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The filter has been tried out on other images and des igns. yield ing similar results .

6 .- CONCLUSIO NS:

Th e algorith m presented suppresses bl urring caused by problems in th e optica l
equipme nt or by otber problems of image deteri oration . without producing additiona l noise.

Furthermore. the algor ithm leaves a margin of freed om for th e softness of th e detector
an d directi onal param eters. which means bett er adapta tion to each specific probl em . Th e
filter can thus be adjusted to the glaze diffusor coefficien ts. These possibilities are at present
in the res earch stage.

7. - REFERENCES:

[1] A. Domingo; Tratamien to dig ita l de irnagenes. Published by ANAYA. 1993

[2) A. Droblas, S. Greenb erg. Manual de Photosho p. Publi shed by McGraw-Hill. 1994

[3J C. Watkins . A. Sadun , S. Manreka; Mod ern Im age Processing. Publi shed by
Acad em ic Press . HJ93.

[4] R.H.T. Dates. M.].McDonnel; Image Restoration an d Reconstructi on. Published
by Oxford University Press. 1989.

[5) S. Osher and L. Rudin. Feature-Oriented image enhancement using shock filters.
Sinum. vol. 27. (1990) pp. 919.

[6J A. Harten. D.Engquist . S. Osher and S. Cha kravarthy. Uniformly High Order
Accura te Essentially Non-oscillatory Schemes III. ]. Comput, Phys .. v. 71 No.2 .
(1987). pp . 231-303.

[7] A. Marqu ina, Local Piecewise Hyperbolic Reconstructions for Nonlinear Scalar
Conversat ion Laws. UCLA CAM Rep ort No. 25-(1989 ). SIAM ]. Scienti fic Comp.,
v. 15, (1994) pp. 892-915.

·557 -



QUALlcav96 •••••".

FIGURE 1 • POSITIVE-NEGATIVE OPERATIONS
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Fig. 1.1 . Posit ive image in grey scal e
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Fig. 1.2 - Negative image in grey scal e
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FIG URE 2: IVIEDIAN OPERATIONS
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Figure 2.1 : Positive C M.Y. K. co luu r image Figure 2.2 : Median filter: ra di us 2 p ixel s

Figure 2.3: Median filt er: ra di us 4 pixels
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Figure 2.4: Median filte r: radius 6 pixels
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FIGU RE 3: GRADIE T OPERATION: TR ACING I'ROFILE
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Figu re 3.t: Original image in grey sca le. Figure 3.2: Gradient opera tion: leve l 25 5

FIGURE 4: MADE-TO-MEAS URE FILTER, LAPLACIAN

figu re 4. 1: Origina l image Figure 4.2: Mml e-tn -me asure filler: Laplacian
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CASTELLON (SPAIN)

Figure 5.1: Origina l CMYK colou r image
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Figure 6.1: En hanc eme n t filt er, 10 iterations.

Figure 7. 1: En larged se ction of the edge
focusing filt er.

- 56 1 -

R.I::I~F~i;g~u_re7'::ll5 . 2 : Edge focusing fi lte r

Figure 6.2: En hanceme n t filt er. 20 iterations.

Figure 7.2: En la rged se ction of th e en hance ment
fil ter: zu iterat ion s.




