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MuRALEis a EuppeanisT project tha will develop 3D cature and visualisgion tednolagy for archaeola@y. The poject will put special
emphasis on the ukiity on the siteby the achaeolmists themsebs.The paer descibes tebiniques thaare being deeloped ly three
of theMuRALE partners in paticular. These compse two methods to gneate 3D models of objectand gproaces to deal with the
textures of meerials and terain. Put tgether with the dbase and visualigeon expettise bought in ty the other paners, MuraLEWill
not onl contibute to the enhanced visualigm of achaeol@ical sites andifids,but also to adister and ma complete documertti@n
of the pogress of rcavations.The ancient city of Smlassospne of the major&avation sites in the eastempart of the Mediteranean,
will be used as the pnary test site

1. THE MURALE PR OJECT (Austiia) and the Uniersity of Leuven (Belgum). The main
areas of gpettise of its eseathers ae archaeolay,
This paer desdbes the planned coiftutions ofMURALE,  computer visionand computer phics. MURALE is ebout
anisT (Information Society andechnolagy) project funded the deelopment of telanolagy, but from the staralso wants
by the Eubpean Commission in der to adance the use of to focus on its pactical gplicaion by archaeolgists on a
computer telnolagy in archaeolay. test site This site is the ancient city of §alassosin wha
The MURALE consotium consists of theallowing patners:  is nowv the souther pat of Turkey.
Brunel Unversity (uk), ETH Zurich (Switzdand), The site & Sajalassos is one of the tpst achaeol@ical
Eyetronics (Belgum), Imagination (Austia), the Technical projects in the Mediteanean dealing with a &o-Roman
University of Vienna (Austia), the Uniersity of Graz site over a peiod of moe than a thousandegus (4" centuy
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Figure 1Sajalassosthe pimary test site of th@urALE project,lies in southem Turkey.
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Bc-7th centuy AD). One of the thee gedest cities of ancient
Pisidia,Sagalassos lies 7 Km nthr of the villayje Aglasun in
the povince of Budur, Turkey. Figure 1 shavs this locéion
in more detail.

The wins of the city lie on the southeflank of theAglasun
mountain idge (a par of the Taurus-mountains)taa height
between 1400 and 1650 mes$. kgure 2 shavs the walley
with Sagalassos gainst the mountaindnk.

Figure 2.0werview of the Sgalassos site

A team of the Uniersity of Leuven under the daction of
professor Mat Waellkens has beenxeavating the wvhole
area since 1990.

The issues of hw to recod and visualise theirfds of

excavations ae as old as ahaeolay itself. With the adent

of computer telenolagy old procedues can be eased and

even impoved At least as impdant will be the padigm
shifts tha will follow. In kegping with the athaeol@ical
applications tageted in this pper, the concet of

“typological rudiments”comes to mindNew tednolagies

are often usedtdirst as a pu substitute of older onem

produce copies of the old toolswith improved
chamacterstics. It is ony after a vhile tha the design of the
tools themseles is adpted to fuly cepitalize on the aded
potential of the ng@ technology. Several aspects ofiuRALE
will allow archaeol@ists to sole old tasks with ne means,
while some other alead/ add components thishad been
out of reat bebre.

These a@ the gals tha MurRALE plans to demonsdte &

Sagalassos:

1. Provide tools thaarchaeola@jists themselgs can use in
situ. This is a cucial diference with some otherfefts.
All devices needed should be easy tm@rto the site
they should vork robustly under conditions thacan be
quite aderse (sun hdadust,moistue), they should be
easy to opete and cay arund Most ecavation
campaigns hee little financial means andence the
devices should also béneg. Phasing it in inbrmation
technolagy patance also in the e of computer wizals
it should be the ahaeolgists who ae firmly in contol
of content cedion.

2. Genesgte 3D models of objectd different scalesfrom
landscpes,over huildings and staary, to small fnds
sud as pot shels. The acquisition should beagt and
flexible enough not to inteupt the e&cavation longer
than ay of the taditional methods wuld. New
technolagy should ether speed up ek. The nwvel 3D
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technolagy should also insduce ne possibilities. An
example is muhing pats for virtual restoetion /
anastylosis,possily as a ifst st towvards plysical
restoetion. A second rample is visualiggon of the
site’s tempoal evolution. Curently, the pullic all too
often is gven a single imge of hav the site has been or
only some snpshots @er timeg which are difficult to
relae to eah other mentajl A third example is the 3D
recoding of nevly excavated layers. Last lot not least,
there is the most ohous use of the 3D d& namey the
realistic visualisaon of the sceneThis is useful ér the
pubic and the athaeolgjists alile. Archaeolajists my
e.g. use the teain model to guess the positions of
invisible infrastucture sud as long gne pbads or thg
may use the 3D city models to undéand vihy
fortifications like tavers where kuilt precisey at the spot
whetre their uins were found

3. Provide a d#abase in which items can be sted
efficiently and tha suppots eficient retieval. Sud
daabases can be madeailable over the intemet. This
tums them into pwerful tools,as achaeol@ists want to
compae their fnds ajainst those dund elsehere. In
the case ofmuraLE the emphasis will be put on
potsheds,as Sgalassos &s a major prduction site of
pottey. Other &cavations can use the dlarated
typology and coresponding time scale to tdalayers in
which Sagalassos camic ware is ound In order to
compae pot shpes special seen tools will be
developed

4. Integration of the 3D dta and the dabase will suppdr
different functions. Kst, by having age informaion
with the dda, visualisdion for different time peipds is
made possie. When the user selects a teén time
peliod, the system itself canogout and look dr
buildings, objects, etc. from the speciéd perod.
Another vay of linking the déabase with the 3D models
is to povide annottions. If the userlicks on or points



at pats of the sceneadlitional informaion can be visualisdion:

popped upe.g. as tat or images,or text-to-speeb can 1. 3D model rtraction fiom video déa
be used to fuher darify wha is shavn. 2.A 3D photo camex
In summay, MurALE hopes not omnl to offer the pulic a 3. Analysing and synthesisingxtieires with 3D effects

more corvincing and enticing imm@ssion of hey Sagalassos These topics & desdbed in sections 23, and 4,resp.
developed @er the centues,but just as mch to povide the  Although in the endthe MurRaLE demonstator will include

archaeolgists with tools thaare efective and dicient in 3D models of the teain (landscpe), of the «isting wins,

the feld. of the staarly (sculptues and araments),and of the
In this pger the emphasis is orovk caried out ly three of  different inds sut as pottey, only preliminatly models can
the pamers: ETH Zurich, Eyetronics,and the Uniersity of  be shavn a this point,as the poject ony stated shotly

Leuven. The esults maint pettain to 3D acquisition and before the time of witing.

Figure 3.3a - 3b - 3cthree vievs of the Roman llzhouse & Sajalassos. 3d - 3e - 3three vievs of the model constrted fom 6 ima@es of
which 3 ae the ones in the topw.
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2. SHAPE FROM VIDEO

The Unwersity of Leuven has deeloped a tdenique tha
allows pioducing 3Dtextured models fom nultiple images
as the ont input. The imayes ae supposed to be tak fom
different vievpoints as one alks aound the scene of
interest. Therefore, the ony thing the achaeol@ists hae to
do is to tak these imges, either as a collection of
subsequent stillgr as a video sequendéis can in gneal
be done ather quikly and easi.

The ony appasetus equited is a nanal camea and of
course a computer toun the softare tha tums the imges
into 3D models. In conist to vha is requited by most
traditional photgrammetic and computer vision
approades,the motion and pametes of the camer need
not be knavn. Motion paametes (otaion and tansldion)
are typically called“extrinsic” camea paametes. Cameai-
specifc paametes sut as piel dimensions andotal
length ae referred to as“intrinsic” pamametes. The 3D
modeling softvare extracts these pametes automécally,
together with the 3D sk of the scenéis a esult,also
existing footage can be used to model scenes in 3D tioa
longer «ist.

Much along the lines of ark by Armstong et al. (1994),
the method stés with the automtir tracking of image
feaures wer the diferent vievs. This is done in sges.
First,a (Haris) comer detector isgplied to yield a limited
set of initial corespondencesThese caespondences ar
found ty corelaing small neighbourhoods@ind coners
in the sameagion in the n&t image. This only works if the
motion betveen subsequent wis is small. Therefore,
methods a being deeloped to ihd corespondences
between images tha are talen from viewvpoints tha are
farther gat. These a& based on iraiant neighbourhoods,
image pdches tha automéically chang their shpe with
viewpoint in oder to systemnti&cally cover coresponding
paches on objects'surfaces TuYTELAARS, VAN Gool,
D'HAENE andKocH 1999).

Once corespondences betgn the pgmary fedures hae
been estalished the system can put in placeametic
constaints tha facilitate the seah for further
comrespondences bedgn points suounded with a less
salient im@e patem than the carers. An example is the
epipolar constaints, which sewe to estict the seath for
comesponding points to a line in the other graThe
system ties to gneete dense coespondences.e. to find

a corespondenceof almost all piels KocH, POLLEFEYS
and Van GooL 1998). Pints, for which corespondences
can be dund can in theihal stg be econstucted in 3D
The limited set of carer corespondences also yields the
necessar daa to perbrm a fully automéaed calibetion of
the cameat and hence to detaine the camer piojection
matrices br its diferent, subsequent positions. Once these
marices ae available, the 3D model of the obsexd scene
can be poduced Eatier versions of the systemequired
tha intrinsic camea pammetes like the ©cal length
remainediked dumg image acquisition if one as to arive
at metiic structure, i.e. to obtain a 3D model thé corect
up to a scaleBut if one has limited a fri knowledge
about some intnsic paametes, like a knavn pixel aspect
ratio or the fct thd rows and columns in the irgas ae
orthogonal, then othes like focal length can be alied to
chang Heypen and AsTrROM 1997, PoLLEFEYS, KocH and
VAN GooL 1998. 1999). Sgalassos will become an
interesting testing iund to alidae and test theobustness
and quality of sue self-calibeting 3D modeling pocess.
Figure 3 shavs a patr of a bahhouse thehas been modeled
in 3D using this shaze-from-video tebnique

It shovs 3 of 6 imges tha were talen of the Roman
bahhouse and then usedf the ceaion of its 3D model.
The bottom ow shawvs 3 vievs of this model. & the
moment ony few of sud models hee been prduced but

it is the gal of the poject to ecod in 3D seeral of the
ruins in this vay. The same method will bgplied to model
the Sgalassos landspa Several images hae alead/ been
taken along the top of a hilMerdooking the &cavation site
This allead/ yielded a global model of thealey. In all
cases the inimsic and &trinsic paametes of the camer
were unknevn.

UndermuraLE, another type of 3D modeling will be used
that is of paticular impotance to ashaeol@y. Excavations
are caried out laer by layer. Although dewings and
photaraphs ae made to document the cearof actiona
full 3D representdon would be peferable. Hence one of
the grals ofMURALE is exactly this: to huild 3D models of
the diferent layers, which can subsequentlbe vitually
scolled thiough, with layers being gnamicaly added or
removed, with visualisgion from ary viewpoint. Again, the
archaeolgists ony have to tale images, as is alead
cumrent pactice

Figure 4 shavs two views of the same xgavation, one
before and one after an ditional layer had beenemoved

Figure 4.The shae-fom-video aproac allows the achaeolaists to econstuct the statigraphy found 4 the excavations fom the same

photaraphs thg already use to document theinéls.
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Another gplicaion tha MuraLE will investigate is the use
of 3D acquisition telenolagy for the suppdrof virtual or
real iestoetion and anastylosis.e. to use the 3D spas of
building blocks, sheds, and pieces in @neal to see ha
they can ft together If the tuilding or the atefact to which
the pieces belong is of high scieitibr atistic value a eal
restoetion can thendllow.

b5a

5c

Figure 5 shavs 3D models of the &ctued surhces of a
seiies of pillas tha tumbded davn and boke as aesult of
the 7 centuy eathquale.

These models will be used to testwtihe pieces could be
puzzled tgether Raher than heing to plysically move
around the pieces - elasveigh seeral tons - the computer
can frst look for good maches. Ony when successful

5b

5d

Figure 5.3D models of the &ctured surice of boken pillars, which tumbed dovn duiing the eathquale tha destoyed Sgalassos in thetl

centuy.

can the pieces then beobight taether without tial and
error & tha stage.

As the method mrduces the list of inimsic and &trinsic

camen paametes one could also advirtual objects to
the video sequences thavere used as inputThe

University of Leuwen has just stéaed to eplore sud
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“augmented eality”. Sud tediniques can be used tovg
the geneal pulic an idea of hw the city looled liked &
different times,by dynamicaly supeimposing 3DcaD
reconstuctions of lildings, streets,walls, etc on videos
of the site in its cuent stae. Figure 6 (net page) shavs
a peliminaly example



6a 6b

6¢c 6d

6e 6f

Figure 6.6a - 6b - 6coriginal frames of a video tak & Sagalassos. 6d - 6e - 6With part of the orginal structures supemposed
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3.A 3D PHOTO CAMERA Dionysos, the god of fettility and wine tha has been
excavated d Sajalassos.

The “passve” technique outlined in the prious section Sud objects obiously cannot be modeleddm a single

cannot deal with ungtured pats of a scenelts ggometic  image. Several need to be combined indar to hild a

precision is also limitedThese a& major poblems with complete model. BEstronics also povide their

objects suls as staues or onamentsyhich typically consist

of untextured stone but the shpe of which should be

extracted with high pcision. for the 3D shpe etraction

of sud objects, Eyetronics bings in its “active”

ShageSn#cher system (http://wwwyetronics.com).

“Active” systems bpass the mblem of insuficient texture

by projecting a pttem onto the scenelhe 3D shpe is

extracted ly anaysing the displacements/damaions of

the patem when obsered from a diferent dilection (see

Jarvis 1983 andBesL 1988 pbr an aerview). Typically,

suth methods ha relied on the mjection of single points

or lines and on scanning the scene radgally build a 3D

desciption point ty point or line ly line. Eyetronics’

ShgeSn#cher contains no nwing pats as it diectly

projects and angbes a complete linerig instead The

components neededeaa nomal slide pojector camea,

and computerThe gid, provided on a slideis projected

onto the scenavhich is obsered from a diferent vieving

angle ly the camea. The softvare then allvs extracting

the 3D shpe of the complete peh visibe to both.The

angle betwen the vieing and pojection diections can be

kept pretty low, around 7 to 10 dgrees suc tha as small a

patt of the surfice as possi® goes lost to odasions.With

the ShaeSné&cher the 3D positions of up to 360,000 points

can be gtracted fom a single imge. Thus fr, approactes

Figure 7. Left: The actve
system onl consists of a
normal slide pojector and
camen, and a computer
The camea takes an imge
from a diection tha is slighty different fom the diection of
projection.Top: A regular squae pdtemn is piojected on the scepas
seen in this detailed wie In this casethe gid covers the complete
face 3D co-odinates ae calculded br all the line intesections,
resulting in the simitaneous measament ér thousands of points.

that projected seeral lines or other ggems sinultaneoust

had hewily degpended on the iasion of a code into the

projected stucture, which kept the esolution of the

extracted shpes lav (BoveEr and KAk 1987, VUYLSTEKE

and OosTERLINCK 1990,MAaRuUYAaMA andABE 1993).

Figure 7 shavs the set-up and a detail of an geafrom

which 3D information can be tracted

The result is not a mer 3D-point toud, but a connected

surface desdption (the gid in 3D). In oder to also ®ract

the surfice teture, the lines of the gd are filtered out.

Obviously, an altenaive for stdic objects is to ta& another

image without the gd. This is suppded ty the softvare

and often done in an draeolgical setting wher objects

are stdic and one wuld like to hae the best tdure

information possile. Although not ery salient, the

reduction in t&ture quality when obtained o filtering out

the lines,s an issue Figure 8.Top: Staue of Diorysos Middle and BottomTwo vievs
Figure 8 shavs the patial 3D reconstuction of a staie of  of the atracted 3D model.
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ShgpeMdcher softvare, which suppots the knitting of
several, pattial 3D pdches. Gien the &ct tha sud (several
tons) heay objects need to be modejédis impotant tha

paits has to be measd with god pecision. In this case
speed is of paicular impotance Literally millions of
sheds ae eccavated eah year in SgalassosAlthough it is

the acquisition system can babght to the pieces and not obviously not the g@al to &tract the 3D shaes of all of

vice ersa. It would for instance be ditult to put sub a
staue into the wrking volume of a laser scannéftit would
fit in there & all and if the scanner auld be #&le to
withstand the prssue.

Although a pojector and camaer aliead/ better it the
desciption of a potable systemEyetronics will cary this
aspect a sgefurther The pojector is beingeplaced ly a
flash. This males it easy to alk aound a piece and to
photayraph it from whaever angle thais required after

which the pieces can be knittedyather into a single object

desciption. Eyetronics has akad/ suh a deice, but
competition ly the sun posesxeemely had conditions on
suct 3D-photo camex.

A special set-up will be pduced ér potsheds.The outline
has to be delingéed pecisey and the thikness of these

these ther still is an pprecisble number vhich are big
enough to irdr & least a substantial gaof their silhouette
work tha will be done l the Technical Uniersity of
Vienna. It is curent pactice thaexperienced athaeol@ists
in the team daw the silhouettesybhand

A disadvantaye is tha expeliments hae shavn tha the
drawings of diferent xpets ma also difer quite
substantialy. Although some ials with laser based
methods hee been cared out in the pasthe speed of
such autom&d scanning in the end qwed nuch lower
than tha of marnual sletching, and the tials were éorted
for tha reasonA one-shot system likthe ShpeSnacher
may overturn this poblem. Fgure 9 shavs pieliminaty
results of acqued 3D shpes br one of the mansheds
found on the site

Figure 9.Left: A shed found @ Sajalassos. Midle: 3D reconstuction,seen fom the“outside”, with the etemal and intenal surfices
already aligned Right: View of the 3D econstuction seen im the“inside”.

4. IMAGE-BASED TEXTURE SYNTHESIS

Only a rather iough model of the landspa (terain model)
will be huilt. Its resolution will not m&ch tha of the 3D
models of the uins, and this is the caseorf both the
geomety and the teture. Visualisaion of virtual Sgalassos
will require thd one can feely navigate thiough the scene
As one mees fom huilding to huilding and cosses the
terain in betveen,a noticeale and disturbing di€rence in
visual quality betwen the bildings and the teain would
appeareTH Zurich develops tools to marealistic texture on
the terain, and to model the xtures of other sudces suc
as those of thedilding maerials used on the site

Precise modeling of the landseagomety and teture all
over the tens of squakilometes spannedythe site vould
cost an enanous amount of time and mema@paceAlso,
sudt precise modeling is noteally requited for geneal
visualisdion pumposes.Then it typicaly sufices to cwer
the landscpe with a t&ture thd looks detailed ancealistic
but tha does not necessigr corespond to theeal teture
on thd paticular pat of the site There is no need to
precisey cepture every bush or néural stone Thus,as a
compomise ve model the teain texture on the basis of
selected xample imges of eal Sgalassos teure. The
model is then oeered with similar t&tures of theight type
Texture synthesis is based onxtere models leant
automadically from the eample im@es. Sub example
image is shavn in figure 10.
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The resulting teture models a very compact and can be
used to gneete arbitarly large paches of teture tha look
very similar to the gample tetures.

Textures ae synthesised as to mimic the pairwisdistias
of the eample tature. This means thathe joint

Figure 10.Image shaving terrain texture a the Sgalassos site

probabilities of different colous & pairs of piels with a
fixed eldive position a& gproximated as sely as
possibbe. Just induding all pairwise intactions in the
model is not a vidle goproad and a god selection needs
to be madeNlArRuyAMA andABEe 1993).eTH have opted or
an gproath tha makes a selection as toedp this set
minimal kut tha on the other hand imgs the sthistics of the
synthesised taures \ery close to tha of the &ample



textures EALesNEY and VAN GooL forthcoming).
Interaction type selectionoflows an iteative gproad,
where pairwise inteactions ag¢ adled one B one to the
texture model,the synthetic teture is eah time updéed
accodingly, and the stistical difference betwen the
example teture and the synthesisedktere is analsed to
decide on wmich further adlition to malke. The set of
pairwise inteactions selectedof the model (fom which

textures ae synthesised) is called the neigbhourhooiste 5:

system. The complete te¢ure model consists of this
neighbourhood system and thetistéical paameter sefThe
latter contains the joint pbabilities for the selecteckidive
pixel positionsalso called kques.

A sketch of the algrithm is as bllows:

stegp 1: Collect the complete 2nd-@er staéistics for the
example teture, i.e. the stéistics of all pairwise
interactions. (After this sgethe &ample teture is
no longer neededfs a mater of fact, the curent
implementéion doesrt stat from all pairwise
interactions,as it ocuses on intactions betwen
positions within a maximal distance

Geneste an image filled with indgoendent noise
and with \alues unibrmly distibuted in the ange
of the kample teture. This noise imge seves as
the initial synthesised xé&ure, to be efined in
subsequent gbs.

Collect the full pairwise stetics for the curent
synthesised inge.

For eat type of pairwise intaction,compae the
stdistics of the gample tature and the synthesised

st 2:

step 3:

step 4:

texture and calculie their “distance”. Fr the
stdistics the intensity dierence distibution
(nomalised histgrams) vere used and the distance
was simpy Eudidean. In fct, the colour
distributions of the imges were adled alsowhere
“singletons” played the ole of an aditional
interaction.The curent implementsion uses imge
gquantizaion with 32 gay levels.

Select the intexction type with the maximal
distance (cf stgp 4). If this distance is less than
some theshold @ to st 8 — the end of the
algorithm. Otherwise adlthe inteaction type to the
current (initially empty) neighborhood system and
all its stdistical dharacteistics to the cuent
(initially empty) teture paameter set.

Synthesie a n& texture using the upded
neighourhood system andtere paameter set

stgp 7: Go to stp 3.

step 8: End of the algrithm.

After the 8-stp anaysis algrithm we hae the ial
neighborhood system of thextare and its stastical
parameter setThis model is ery small compagd to the
complete 2nd-ater staistics etracted in stp 1. Typically
only 10 to 40 pairwise intections ag induded and the
model amounts &m a &w hundeds to a éw thousands
bytes. Neerthelessthese models wva pioven efective for
the synthesis ofealisticaly looking textures of a wide
valiation.

Figure 11 shws a collge of tetures (left) and the
corresponding syntheticevsions (ight).

step 6:

Figure 11.Left: collage of oiiginal textures. Right:collage of corespondingsynthetic tetures.

This texture synthesis @proac can handle quite bad
classes of teures. Neertheless,it has popblems with
capturing complex semantic aterings or teels with
specifc shages. The method has mainlbeen usedor
coloured textures, as is also equired for the Sgalassos
virtual site In the case of colour ingas pairwise
interactions ae adled tha combine intensities of diérent
bandsThe shotest 4-neighborhood system and tlegtigal
interband inteactions vere alvays preselected because
expeiiments shwed tha they are impotant for the \ast
majority of the teture dasses. Fure 12 shws a
synthesised teured for the &ample imae in figure 10.
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Figure 12.A synthesised xéure based on thexample imge of fgure



Figure 13.View of the old bthhouse and swounding landscpe & Sayalassos. Leftview with the oiginal landscae texture. As this is a
view stongly z0ms in onto this modehe texture is of insufcient quality Right:the landscpe texture has beeneplaced ly synthetic teture.

Figure 13 shws pat of the site with the dginal terain
model texture (left) and with synthesisedxtere maped
onto the landsgze (light).

It does not siifce to synthesise téures. Where different
textures meet lear seams auld gpear Hence a texture
knitting tool was deeloped Considerifjure 14.

The imaye on the left shas a composition ofock and gass
texture images, both talen @ SagalassosThe iight image
shovs the esult obtained with the xéure knitting
algorithm. Knitting is based on leaing a teture model
from the pne aound the bater betveen the tw textures.

Then,new texture is generted in a bne aound the bater,

not necessdy the samgebased on the bder one teture
model. In the case of a singletigre, the seams bewen
separately geneeted paches can beemoved ty simply

applying tha texture’s model near the bder

Future work on texture synthesis will inkude the simlation

of 3D efects tha appear once the \inal camea moves
around though the scendexture typicall finds its oigin

in fine-grain, 3D surbice gomety. Effects sub as self-
ocdusions cannot be modeled tiséactoily if a fixed
texture is maped onto su#ces.

Figure 14.Example of teture knitting Left:image compising two types of Sgalassos teture, with rodks on top and mass bela. Right:

knitted ock and gass tetures.

The texture anaysis and synthesis method hasaty been
extended so thtamodels and hence alsoxteres fr
different viavpoints can beeneeted An example is shan
in figure 15.

The left igure shavs an oiginal image of an oange. The

3D shae of it was estimed The iight figure shaevs the
result of maping vievpoint deendent teture on this
shge The tetures br the diferent ofentaions of the
orange surbce vere leant from the left imge. The result
looks quite ealistic Note tha, although ve have called

Figure 15.Left: a real orange (not bund in Sgalassos;-)Right: synthetic ersion based on wepoint dgendent teture mgping on the

orange’s 3D shae
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this “viewpoint-dgendent” textures, the efects of
viewpoint and illumingion direction ae in fact
confounded in sulc experiments. Futher work to
disentangle these ilnfences is needed

Under muraLE this work will be enhanced b providing
additional means to eneste textures Pr different
viewpoints tha are mnutually consistent,i.e. tha may
originate from a singlephysical terain stucture. For naw,
changng viewpoint dynamically is not possite. The
textures Pr different viewpoints ae genegsted
independenty from eab other The cedion of consistent,
viewpoint-dgpendent tetures is a ballendgng task.

5. CONCLUSIONSAND FUTURE WORK

We hare desdbed the gals of thevuraLE project.As it has
only just stated the pupose of this paer mainy is to
indicate in which directions the constum plans to cay
out its futher eseach. In paticular, 3 groups E€TH Zurich,
Eyetronics, and the Uniersity of Leuwen) hae pesented
their reseach plans in someha more detail.

Archaeol@y poses an intesting mix of ballenges to 3D
technolagy. It should be ke®, easy to use andamspot,
and fexible in the sie and type of objects thaan be dealt
with. Simultaneous) the pesentdon of the esults to a
wider pubic will r equire thd the visual quality comedase

or even supasses Wa people ag@ becoming accustomed to,

i.e. & least @me quality The pioject hopes to &ér sud
solutions on the basis of photeafistic modeling tools,
sud as 3D photocamthe shae-from-video tebnique and
the maoping of vievpoint dependent tetures.

But MURALE intends to belzout moe than gnegting pretty
pictures. It is cucial tha its tednologies become peerful
tools in the hands of thedaeolaists themseles.To tha
end thg should in theifst place be &brdable, so tha a
large rumber of &cavations can bendf
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