
VxC TSG Image DatabaseO
tober 8, 2005In this do
ument we present the VxC TSG image database (VxC Tiles forSurfa
e Grading). Building this database has been one important goal of thethesis �Real-time Surfa
e Grading of Cerami
 Tiles�. The VxC TSG is based onsamples taken from the 
erami
 tile industry and is 
omprised of 14 
erami
 tilemodels, 42 surfa
e grades and 960 pie
es. It was built in the VxC laboratory in
ollaboration with Keraben S.A. and is an extensive image database of 
erami
tiles representing the wide range of surfa
e 
lasses in the 
erami
 tile industry.VxC TSG is also intended to be a tool for the s
ienti�
 
ommunity working onsurfa
e grading. It is publi
 and available at miron.dis
a.upv.es/vision/vx
tsg/.1 Surfa
e gradingIn re
ent years, automati
 inspe
tion systems have be
ome of paramount impor-tan
e for industries with serial produ
tive plans. These industries are 
ommonly
hara
terized by the following items:
• Complex pro
esses formed by multiple stages at produ
tion lines.
• High produ
tion rates.
• High added value of every pie
e.
• Quality 
ontrol stage for the �nal produ
t.
• 100% inspe
tion at fa
tory rates.The 
erami
 tile industry is one 
lear example of this type of produ
tive systems.However, fa
tories 
ontinue to use human inspe
tors to grade tile quality. Inthis industry the great majority of tile faults are surfa
e defe
ts, thus, surfa
einspe
tion is an important quality 
ontrol subje
t to automate. But, this is a
omplex work whi
h is divided into several tasks due to the diversity of existingsurfa
e faults. Surfa
e grading is one of the most important issues of surfa
einspe
tion.There are many industries manufa
turing �at surfa
e materials that need tosplit their produ
tion into homogeneous series grouped by the global appearan
eof the �nal produ
t. These kinds of produ
ts are used as wall and �oor 
overings.1



Some of them are natural produ
ts su
h as marble, granite or wooden boards,and others are arti�
ial, su
h as 
erami
 tiles.In these industries the quality 
ontrol stage is 
ru
ial in remaining 
ompet-itive. One of the most important quality problems is the non-uniformity of thevisual aspe
t of the produ
t within the same lot of a spe
i�
 model. As the �nalprodu
t is used to form areas whi
h are supposed to be uniform in appearan
e,the presen
e of pie
es whi
h look slightly di�erent is 
onsidered a serious qualitydefe
t.Surfa
e grading is related with the automati
 
lassi�
ation of �at pie
espresenting random, pseudo-random or �xed surfa
e patterns. The aim of surfa
egrading is to split the produ
tion into di�erent 
lasses sorted by their globalappearan
e whi
h depends on 
olour and texture properties.Before des
ribing the image database itself, we des
ribe the a
quisition sys-tem used to 
apture the digital images of tiles.2 A
quisition systemThe a
quisition system (see Figure 1) 
ompromises the following high quality
omponents:
• One Dalsa Trillium 
amera ( TR-31-02k25). This is a 
olour s
an line
amera with 3 CCDs (RGB). It provides 2048 pixels of horizontal resolu-tion and a maximum a
quisition rate of 11kHz. We used a resolution of3.2 pixels per millimetre in images.
• One Nikkon opti
s (35mm, 1:2.0 mm).
• One Core
o-Imaging PC-DIG frame grabber with 4Mb of internal RAMand 100MB/s of PCI transfer rate.
• High frequen
y and uniform �uores
ents (Mer
rom FXC2372-2). This illu-mination system has two spe
ial high frequen
y �uores
ent lamps (60kHz)with uniform illuminan
e throughout its length. To over
oming variationswith time, the power supply is automati
ally regulated by a photoresistorlo
ated near the �uores
ents.
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Figure 1: A
quisition system.
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Figure 2: Prototype at VxC laboratory.

In the VxC laboratory there is a prototype system whi
h is a repli
a of ase
tion of a typi
al 
erami
 tile produ
tion line. The prototype 
ompromisesa 
abin integrated in the produ
tion line as the a
quisition unit (see Figure 2)and one PC with the frame grabber and the I/O 
ard as the pro
essing unit.This prototype with the above mentioned 
omponents has been used to 
apturethe digital images for the VxC TSG database.3



3 VxC TSG des
ription.Table 1: Models of the VxC TSG image database.
lasses tiles/
lass size (
m) pattern aspe
tagata 13, 37, 38 16 33x33 �xed marbleantique 4, 5, 8 14 23x33 pseudo-random stoneberlin 2, 3, 11 24 20x20 random granite
ampinya 8, 9, 25 30 20x20 pseudo-random stone�renze 9, 14, 16 20 20x25 random stonelima 1, 4, 17 24 20x20 random granitemar�l 27, 32, 33 14 23x33 pseudo-random marblemediterranea 1, 2, 7 30 20x20 random stoneoslo 2, 3, 7 24 20x20 random granitepetra 7, 9, 10 28 16x16 random stonesantiago 22, 24, 25 28 19x19 random stonesomport 34, 35, 38 28 19x19 random stonevega 30, 31, 37 20 20x25 �xed marbleveni
e 12, 17, 18 20 20x25 pseudo-random marbleThe image database has been built in 
ollaboration with Keraben S.A. whi
his a large 
erami
 tile 
ompany (2nd in Spain by total turnover) lo
ated at Nules,provin
e of Castellón. Together with the R+D sta� we studied their 
atalog and
hose a set of models intended to be a good representation of the wide variety ofsurfa
e 
lasses that fa
tories 
an produ
e. A 
atalog of 700 models is 
ommonin these 
ompanies. But, in spite of this great number of models, almost all ofthem imitate one of the following mineral textures; marble, granite or stone.Due to the way that tiles are produ
ed there are three basi
 types of surfa
epatterns; �xed, random and pseudo-random. Fixed pattern models are produ
edby impressing the �x de
orative motives on to the enameled tile surfa
es. Thisis done through silk-s
reen ma
hines. Printing rollers are used to made pseudo-random models. The patterns on the rollers are �xed but the part of ea
hroller that is impressed over the tile is randomly 
hosen by the moment that tilebegin to pass under the rollers. For random models several te
hniques may beused depending on the model to be produ
e. One of these te
hniques 
onsists ofspreading pigments over the tile using sponges. From the point of view of surfa
egrading purposes �xed and pseudo-random pattern models 
an be 
onsideredsubsets of random pattern models.The database is formed by the digital images of 960 tiles a
quired from14 di�erent models, ea
h one with three di�erent surfa
e 
lasses (see Table1). The 
lasses were given by spe
ialized graders at the fa
tory. Every modelhas two 
lose 
lasses and one 
lass distant to them. Surfa
e 
lasses (grades)are represented by numbers and 
lose numbers mean 
lose 
lasses. Thus, thedatabase in
lude �di�
ult to dis
riminate� 
ases in ea
h model. The tiles were4




olle
ted dire
tly from the end of the produ
tion line, just before the tiles aregraded and pa
ked, or from sto
k stored at the fa
tory.Figures 3, 4, 5 and 6 show VxC TSG samples itemized by aspe
t. Quality ofimages was improved enhan
ing brightness and 
ontrast independently in everymodel.In the 
ase of granite models there were only six tiles per surfa
e grade. Thesize of these pie
es was large, 50x50
m. To in
rease the number of samples inthese models we de
ided to take four sub-samples of ea
h pie
e with a size of20x20
m. This 
ould be done be
ause grains and tile 
olour were uniformilydistributed through all the surfa
e of tiles.
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Figure 3: VxC TSG marble samples. From up to down; three samples of agata,mar�l, veni
e and vega models, ea
h one 
orresponding to a di�erent surfa
egrade.
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Figure 4: VxC TSG granite samples. From up to down; three samples of berlin,oslo and lima models, ea
h one 
orresponding to a di�erent surfa
e grade.
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Figure 5: VxC TSG stone samples. From up to down; three samples of an-tique, 
ampinya, �renze and mediterranea models, ea
h one 
orresponding to adi�erent surfa
e grade.
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Figure 6: VxC TSG stone samples. From up to down; three samples of petra,santiago and somport models, ea
h one 
orresponding to a di�erent surfa
egrade.
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