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Abstract

We describethe reconstructionof a medieval building as an exampleof how the useof 3D computergraphics
can facilitate the reconstructionof an ancientsite We suggest that different stages of a virtual reconstruction
imply the useof differentrenderingtechniques,as the style of visualizationhasa significantimpacton both the
reconstructiorprocessandthe presentatiorto non-expertviewers.

The useof computersas meansof re-creatinglost cultural
heritage,suchas ancientbuildings, hasbhecomea growing
field of applicationfor computergraphicsnot only for pre-
sentationapurposesThe computetbasedeconstructiorof
a building enablesvirtual walkthroughsand allows to val-
idate a researchmodel betterthan ary other media?. Re-
searchershowever, face a classicaldilemma: On the one
hand,they canactually only supply information aboutde-
tails that have beenexcavated. Consequentlyartifactsthat
do not have an excavation basiscannotbe depicted.On the
otherhand thereis ademandor visualizationghatareasre-
alistic aspossible Simply leaving out details,like doors,is
aswrong asdepictingobjectsthathave not beenexcavated.
So,researcherhave to extrapolatemissingdatain orderto
corvey a comprehense visualizationof the reconstructed
site.

There-creationof a medieval site especiallysuffers from
thislack of data,aswe aregoingto illustrateby theexample
of the virtual reconstructiorof the “Kaiserpfalz”, the lost
palaceof Otto the Greatin Magdelurg, Germary. However,
we alsoarguethata computetbasedeconstructiorprocess
helpsto reveal deficiencieghat would remainunnoticedif
traditionalmethodswvereused.

1. The Excavation

Archaeologistdo, in general hardly ever have the luck to
discorer a medieval site thathasremainedundisturbedOf-
ten, it is notevensurewhereabuilding thatis mentionedn
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thechroniclesvaslocated Jet alonehow it mayhave looked
like.

Thisalsoappliesto ourexample Althoughtheroyal court
of Otto | in Magdelurg with its variousdifferentbuildings,
including the King’s hall, is often mentionedin the chron-
icles, the preciselocation of the buildings themseles has
not beenhandeddown by written historicalsourcesThese
merelysuggesthatthe King's hall musthave beenlocated
in the vicinity of the Gothic cathedral.During excavation
works carriedout on a large squareby the cathedralfrom
1958until 1968,substructuresf alarge stonebuilding were
laid open.Thewallsthatwerefoundcoveredanareaof more
than 2,000 squaremeters(see Figure 1). Although some
largerartifacts lik e thebaseof aspiralstaircasewerefound,
the excavation in generalrevealedonly few factsaboutthe
building’s architectureMoreover, not all of the foundation
remainscould be uncoreredbecause public streetcrossed
thearea Archaeologicafinds,asfragmentof potteryfound
in the soil layerssurroundingthe foundationwalls, suggest
thatthe building in questionwaserectedn the 10" century
and abandonedn the 13" century This gives strong evi-
dencefor identifying the building remnantsasthe socalled
“Kaiserpfalz”, the King’s hall of the residenceof emperor
Otto| in Magdelurg.

2. The Reconstruction

Sincethereis neithera picturenor a detaileddescriptionof
theoriginal palace andsincethe excavationdid not provide
enoughfactsto establisha scientificallyvalid model,there-
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Figure 1: A mapoftheexcavationsitewhich servedasbasis
for thereconstructiorof the building.

constructiormustbe consideredo bespeculatie by nature.
However, the degreeof speculationvaries.We can cateyo-
rize the sourcef datausedto completethereconstruction:

findings: artifactsthatactuallyhave beenexcavated,

deductions: factsthatcanbe derived directly from the ex-
cavation,

analogies: factsthathave no excavationequialent,but can
be deducedrom similar buildings of the samearchitec-
tural period,

assumptions: detailsthatareassumedbecausésomething
hadto bethere”, but which have no excavation basis.

In the “Kaiserpfalz”, examplesof thesedatasourcesare
the parts of the foundationthat were found We deduced
thattheremusthave beenwalls supportedy thefoundation.
In analayy to otherperiodbuildings, we inferredthatthese
walls weremadeof coarselycaned stone.We assumedhe
palaceto beatwo-storybuilding, becaus¢hewallsweretoo
narrav to supportthreelevels, andtoo thick for onelevel
only.

In general,using excavation results and deductionsis
“safe”, whereagheuseof analogieandassumptiongs dan-
gerous.This is especiallytrue for medieval buildings, as
mostof themwere either destrged or substantiallymodi-
fiedin latercenturiesln addition,in the Middle Agesthere
were no standardizectonstructionregulationsin Europe,
as opposedto the Romanempire. A masterbuilder con-
structedthe palace,and he alone was responsiblefor the
succesof the building project. For this reasononly local
influencescould have sened asarchitecturalpatternsAs a
consequencanalogiecannotberegardedasreliableinfor-
mationsourcesAlso, ourassumptionbave aweakbasisbe-
causeonly very occasionallywritings or paintingsdescrib-
ing medieval life have beenpresered.

Iterati ve Developmentof the Model

In acorventionalreconstructionasis carriedout by archae-
ologists,the analysisof the excavationresultsin 2D models
(i.e., architecturaldrawings) that sene asbasisfor the dis-

cussion.Their evaluationleadsto furtherrefinementEven-

tually, a scalemodelis manugcturedprovided thatthe dis-

cussionamongthe expertsresultedin a consensusA 3D

scalemodelis soexpensve thatonceit hasbeenbuilt, only

fundamentallynew researcHindingswill resultin manufc-

turing a nev model. Thus,the 3D modelis usuallynot in-

volvedin thediscussiomprocess.

A computetbasedreconstructionhowever, notonly adds
anew visualquality to archaeologicalesearchA virtual re-
constructiorcanberegardedasa continuougevolutionary)
processn which the 3D modelexperiencesonstantefine-
ment. Furthermorethe expertscanchoosethe mostappro-
priate manifestationof the model for the task at hand:an
abstractnon-photorealistidmage as a basisfor discussion
or avirtual walkthrough,or anotheradequatdorm of pre-
sentation.

We experiencedhatthe virtual reconstructiorforcesthe
expertsto agreeuponall visible details,elementghatcould
have passedinnoticedin thetraditional2D model,because
openquestionsaredirectly exposedo the expert. An exam-
pleis thequestionof haw the palacewasilluminated,which
needaot beconsideredn a hand-dravn reconstruction.

For the “Kaiserpfalz”’, we used3D Studio MAX to de-
velopthemodelof thebuilding andtheervironment.Theba-
sic structureof thereconstructionvasmodeledby computer
sciencestudentsn ananimationcourse Therefinementand
thefinal texturing weredoneby threeadwancedstudentsn
closecooperatiorwith archaeologistandhistorians.

3. The Visualization

The computetbased3D model of a reconstructedite can
be presentedn variousways. The mostobvious (and most
often published)form of doing this is creatinga photore-
alistic rendering.But scientistswho presenttheir research
resultswith photorealisticallrenderedmagescarry a high
responsibility aspeoplestronglytendto take a depictedre-
constructionas establishedscientific truth. However, there
arealternatve visualizationmethodsWe foundthatexperts
feelmorecomfortablewith non-photorealistizisualizations
in adiscussioramongfellow researchersyhereawisitorsof
amuseunpreferavisualizationstylewhichis asrealisticas
possible.

3.1. Non-Photorealistic Images

With solittle knowledgeaboutthe overall appearancef the
building, archaeologistsand historianshave difficulties in

agreeingon details.We experiencedhat at an early design
stagejmagesthatsene asabasisfor discussiorshouldnot
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berenderedn a photorealisticstyle 2. We thereforedecided
to presentexpertsdifferent modelsrenderedas line draw-

ings which leave room for discussionjn contrastto photo-
realisticrenditionswhich alwayssuggest final form, even
if therearedoubts.This is especiallyimportantfor the first

reconstructionwheredetailslik e the texturing of the walls
only distractfrom elementanguestionsabouttheoverall 3D

shapeof thebuilding. Figure2 shavs two alternatve models
thatrepresenpossiblevariantsof the palace.

Figure 2: Differentvariantsof the building as presentedo
anddiscussedby experts.

3.2. Photorealistic Images

Photorealistidmageslik e that depictedin Figure 3 allow a
very intuitive understandingf what an ancientsite looked
like. Still imagesandanimationgesembleur every-dayex-
periencewith photographsndtelevision, while interactive
virtual walkthroughsadditionallyprovide theimmediateex-
perienceof “being there” 2. Undisputedly a photorealistic
rendition hasa corvincing visual power, but a greateffort
hasto be madefor the constructiorof suchamodelto make
it look “right”, which oftenmeangnakingit look asrealistic
asaphotographEvery little detailhasto bemodeledgevery
surfacehasto be coveredby anappropriataexture.

Figure 3: A photoealisticrenditionof the building.
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Theacquisitionof adequatéexturesposesa seriousprob-
lemto suchavisualization Original structuresrom the 10"
centuryare hardto find, asthey hase beeneither modified
by humansin the last centuriesor deterioratecueto ervi-
ronmentalinfluences Sincewe wantto depictmaterialsin
their original statewe have to estimatetheir formerappear
ance.Thereforewe interpolatecthe stonetexturesby mix-
ing the structureof ancientstonavork with the appearance
of present-dagtonesurfaces.

4. Concluding Remarks

The iterative developmentof the 3D modelis a factorthat
cannotbe overestimate@sa meandor empaveringarchae-
ologiststo researcltandpresentheir modelof areconstruc-
tion. In thereconstructiorprocessknowvledgeaboutthe in-
vestigatedouilding is gained.Currentlywe areworking on
aninteractve system ANCIENTV S, to modelthe sourceof
data (excavation, deduction,analogy assumption)yand for
visualizinggeometrianodelstakingcertaintyinto account.
Eventually the virtual reconstructiorof the “Kaiserpfalz”
will be presentecsaninteractve walkthroughin anexhibi-
tion.
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