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ANALYSING ARCHITECTURAL MOULDINGS WITH 3D
OBJECT-INDEPENDANT METRICS AND ENCODING

Jean-Yves Blaise , Iwona Dudek
UMR CNRS/MCC 694 MAP, France

ABSTRACT

When observing architectural mouldings with an @ugs eye, they do seem to have something in commamnat least
comparable features. But what, precisely? Curvesérmdtion of curves? Rhythms and proportions? Thigritution
introduces a concept that aggregates abstractésatfi a 3D moulded object, may the object be (eakting or having
existed) or purely theoretical (from literature)urOresearch — at the intersection of architectanabelling and of
information visualisation, investigates how new niest along with a cognition-amplifying visual emting, could help
uncover patterns and exceptions in the design afldimgs (across historical periods, across teigfracross stylistic
affiliations, across families of 3D objects, andass sources) and ultimately could help gaininggimtson relations of
mouldings to one another, and to the architecthegiry.
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1. INTRODUCTION

If we are to portray what architectural mouldingsvé in common, we need to think out a universal
observation ground, enabling visual comparisonsiofilded objects, and linking instances to theorjew
looking at existing solutions, it appears that manjutions have been introduced in recent yearshéaip
handling and interfacing heterogeneous data orivakcllocumentation [Papadopoulos, 2008], promote
spatial information management systems [Van RuympeR008] or facilitate the acquisition and
representation of metric data [Lo Turco, 2009] anderstand its impacts in the field of the culturatitage
[Alkhoven, 2006] [Lucet, 2008]. Yet one of the mediological issues still unsolved is how these peeges
can improve, or at least question, existing thécaktframeworks. And one of the most stable of ¢hes
frameworks is the description of mouldings, a velassic piece of knowledge in history of architeetiOur
contribution investigates how traditional analysésistorical architecture can be complemented withv
metrics, and new visual solutions enabling bettengarative reading of mouldings and of their congrs,
and better cross-examination of poorly-supportedpaters such as rhythms and proportions.

Broadly speaking, the architectural theory ideasifon one hand individual components (Figla) — ssch
ovolos, ogees, etc. — and on the other hand caalocdenbinations (Figlb), often considering thedatis
time markers (Figlc)Can we, if adopting a thinner grid of parameterfserve and measure other
tendencies, such as geographical patterns, evaludfoa style in timeBasing on components and canonical
combinations, the architectural theory privilegégtoric comparisons and reasonir@an we underline
patterns and exceptions by introducing more objectnetrics#inally, writings about architecture mention
profiles in the context of 3D objects. They therethg facto, deny or ignore similarities betweenfifge of
different 3D objects — let’s say for instance as;hlmrnices, capitals, beangould it be possible to think out
an analysis grid that could transfer profiles offdient 3D objects into a unique visual encoding® an
answer, our contribution underlines the necessity lzenefits of going abstract, in order to portréagyond
the physical components of mouldings - rhythms,pprtons, design. The approach is intended at
confirming or uncovering patterns across stylespsg geographical areas, across cultures, objects a
building materials. Its purpose is in a first phéseerve as a new analysis grid for research addgogy,
and on the long run to facilitate a semantics-estbbst-processing of survey results.



2. RESEARCH CONTEXT

Mouldings are a fundamental part of the architedtthreory, mentioned since the first treaty of #ectiure
by Roman architect Vitruvius, intensively used isttric architecture [Palladio, 1965], [Wittkowelr998],
and still present in nowadays catalogues of ornaémh@omponents [Ching, 1996]. However defining what
they are is not that easy. [Harris, 1983] defirfgent as & member of constructiop..] so treated as to
introduce varieties of outline or contour in edgassurfaces, whether on projection or cavitles]”. His
definition is clear, but is it operational, dirgcttansferable into objective metrics? We needhterpret such
qualitative definitions in order to identify non-aiguous, operational concepts. We introduce thotioms:

* anunderlying 3D object (“member of constructiofiy 1c),

« aprofile consisting of “varieties of outline asrttour” (Fig 1d),

. individual components “on projection or cavitieFid 1a), with alternating edges and surfaces.
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Figure 1. a) individual components — here half thuquarter roundyvolo, [Ching, 1996]; b) a canonicattick base
combination, [Koch, 1996]; c) underlying 3D objefitere arches) with 3 combinations representingsste the gothic
trend’s evolution [Koch, 1996]; d) a profile [Chojsy991] — e) components of a profile classified esntact (1),
unmoulded (2) and moulded (3) segments, each bete@#rol points (4)

Methods and tools available to study and companeldittgs remain mainly qualitative (Choisy describes
profiles with words and expressions like “flabbydaheavy aspect”, “ending up in complication and
baldness”). Let us here take an example of wherh arguments lead authors. Hypotheses are put fdrwa
that link mouldings, style and time slot. What nuath and tools are today available in order to aleseron
the basis of objective factors - such a semantiedéency? The architectural theory itself is ofrpsupport
— its aim being most often normative more than #ital. We need to point out relevant variablest tten
to be cross-examined in order to gain some undetistg of similarities, patterns, exceptions. Totklis, we
shall step out of architecture as a disciplinenfrRertin’s graphic semiology [Bertin, 1998] to Teif visual
explanations [Tufte, 1997], a number of fundamentérences can help us understand where to go next
introduce arabstraction leveto bridge the gap between the architect's trad#tidigurative representation,
and knowledge / information visualisation basicgefieich, 2006]. In this contribution focus will Ipait on
the “acquisition of insight into abstract data” gge, 2001] — in the sense that we will percei@g®abject
as a set of abstract variables. In his pioneer@sgarch on wooden ceilings in Poland, [Tajchma89]L9
introduces the idea that counting a profile’'s canecaconvex curves can act as a parameter in sifitasion
effort (combined with dating, geographical locatiamd typology indicators). In his approach thes and
angular range of curves are ignored: only the ninytheated by the alternation of concave / convexeziall
along the profile acts as a division line in thassification effort (Fig 2). In that sense, Tajchnaready
introduced thisabstraction levelve believe is needed. Yet his method applies todsacceilings only, and
intervenes solely as a mean to classify items @néaips of items that “have the same number aednaition
of concave and convex curves”). It does not allomparative readings within a group. His descriptioes
integrate an abstraction level, but his graphiestemd-produced, figurative. His vision is at tbetrof our
research, but we expect to extend it by introducithgr constraints:

« differentiation, labelling and reading of proporsof each segment, with support for angular ranges

e aunique description models for various types ofoRiects,

« qualitative markers (ex. stylistic affiliation, neaial),

e a visual encoding effort and its implementationdgaamic web-enabled representations (2D SVG

graphics produced on the fly as results of quertherset of items).

Tajchman’s contribution differs from mainstreame&sh works on heritage surveying and analysis by
the fact that he identifies the semantics behiredggometry of a 3D object’s profile. Although napported



by computer-based formalisms or solutions, his aagn remains a leading-edge one in its abilityotster
cognition. By contrast, mainstream works have farenthan a decade strongly focused on how to apply
survey techniques and tools to architecture —¢bitecture seen as surfaces in a 3D space, arthigeseen

as primitives and meshes, should we add. Photogedrymvideogrammetry, photo-modelling, laser
scanning techniques (and combinations of the alpesetioned) have been tested on moulded elements of
architecture, and sometimes with convincing resadt$ar as geometrical exactness is concernedatBhe

end of the day these contributions provide valuatfiermation on how to capture a profile’s geometngt

on how to capture its semantics. This issue — pastessing of raw survey results — has been raisedrks

like [Ramondino, 2003] [Gonzalvez, 2007], but ima&ns today a hot research topic. Our positionifla
2009], is that when you don’'t know what you arekiog for, the best survey technique may end updein
useless. And therefore we consider a first steplghbe finding out what are thmeaningfulfeatures to
observe in order to gain some understanding aboptoéle’s position in the history of architecture.
Naturally, we shall not pretend having solved imepal terms the survey post-processing issue. e on
intend to show, on real cases, the possible beneliinits one may expect if turning the questiba bther
way round: identify elements needed to understhadbiject first, and then think about surveying.
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Figure 2.: Profiles for Group O, codes 0+1, 0+23 @f Tajchman’s classification — as can be semfdls to profiles
with a flat bottom segment, and concavity is codritea binary +/- mode (drawn over Tajchman'’s arégigraphics)

3. OBJECTIVE & SCOPE, METHOD, CONSTRAINTS

Our objective is to provide researchers with mstand graphics for mouldings analyses, allowingemor
efficient and more objective descriptions, compargsand classifications, and applied across vasetf 3D
objects. It is important to mention that inputs nstipngly vary, since we need to compare here stiegy

3D object from which we extract a contour, to tharpurely theoretical profile known to us only bR
cross section represented in an old printed treBie global objective - a methodological framewerk
should therefore be divided into three distinctiéss data acquisition procedures, knowledge madgland
visual encoding. In this paper we focus on ste@n@ 3 — we have shown in previous contributions tha
acquisition techniques do exist that could prowddeectly formatted inputs to steps 2 and 3 [BlaZ09].

3.1 The knowledge modelling issue

The somehow ambiguous notion of “mouldings” (suulbg 3D, but mostly represented in literature by a
2D cross-section, its only normative aspect) isgfarred into a concept called MetaProfile, desttiby:

< alist of segments (themselves concepts descripedrious attributes),

« atime slot and a geographical position (toponymy),

e geometric inputs (optional, allows handling of tiigect in 3D), along with its sources,

« elements of architectural semantics (ex. stylesBBpe generation mode, symmetry, ontology),

We thereby define mouldings at an abstraction lededre 3D data is optional. We reduce (in the sefise
[Francis, 1999]) a moulded 3D object to its crosstisn and to qualitative data expressed eitheyutiin
lexical scales (ex. material, stylistic affiliatioaources used) or through specific data modelteg¢da a
doublet of integers with a certainty marker; logsalion — a toponym as developed in [Blaise, 2008je
profile itself is decomposed into a list of indedent segments in between control points. Contrahtpo
correspond in most cases to vertices of the 3Dcbbjebut with exceptions (called ligatures) whee th
object’s design includes a voluntary tangency betweurves (Fig 3a). A segment is defined by a $et o
qualitative or quantitative attributes - curve tyged canonical name, ex. lexical scales; controtitpdFig



3hb); concavity (Fig 3c), numerical scale. Segmeats correspond to contact surfaces (Fig 3c, 5pleidut
unmoulded surfaces (Fig 3c), or may corresponchtoaf the profile’s curves (Fig 3c - 1, 2, 3) —iindual
canonical components as defined in the architelctioeary.
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Figure 3. a) Example of a ligature, a common maodkéhe Gothic period, where a control point doesaorrespond to a
vertex but is located at a voluntary tangency p¢@hoisy,1991]; b) the profile reduced to a listtohtrol points and
segments; c) a numerical scale called moulding dexity is used to differentiate concave (-), conyex and flat
curves, (O - flat curve, 1 - canonical curve, Ddrnitanonical round curve, 3 for complex curve)

In all cases the geometric information stored ias&d segment is limited to two control points. This
implies that each component’s geometry will be knoawnly in a purely qualitative manner — concavity,
curve type and canonical name. The segment’s lenijtlcorrespond to the distance in 2D between aint
points — not to mix with the perimeter of the coment. This choice, odd at first glance, is in fact
modelling bias that we hope to prove useful. Whadtistake here is not the exactness of a geonmeddel,
but the usefulness of an interpretative model. ha\ee therefore deliberately chosen to try and dest wan
be gained by reducing the description of a segiteetvto points and qualitative tags.

3.2. The knowledge/info visualisation issue

Tested out on ceilings structures (Fig 5) the visadon handles multivariate data - integratingneuical,
ordinal and categorical data - with a symbolic elikg combining various techniques (size, length and
height, colour and icons, spatiality) into one ndithensional dashboard. Among the profile’s feagurat
this stage segments, time slot, and elements dfitactural semantics are encoded visually. But the
visualisation also delivers indicators read froremgpions on the features (orientation of each segngébal
proportion, numbers of hidden/lunmoulded/mouldednssgs, lengths of unmoulded/moulded segments
when compared to overall length). On the overalbaen of parameters are taken into consideratidhen
making of the visualisation called hereafesual notation Our first challenge in designing it was to addres
the scaleissue. Let us make this point clear. Each segnmeatprofile’s list of segments is defined by two
control points. We could use the segment’s length the distance in XY plane between the two control
points, in order to show the relative importanceeath segment inside the list. This works quite fivhen
comparing objects of the same type, and of sinsilzes. But when comparing objects that stronglfediih
size (think for instance of lierne ribs and baségiltar in gothic cathedrals), values for thesadths or
distances will range from 1 to 10 or more. Représgnthe real distances between control points in a
visualisation aimed at enhancing comparisons woull-emphasise differences in size and poorly stppo
the reading of what we want to spot the most: nmghand proportions. As an answer, we express all
segments of a profile - whatever their real dimensiare - inside a predefined gauge, the heighthid¢h
representing the profile’s longest segment. Gragllyica fixed-width rectangle represents each seqnits
height corresponds to a ratio of the longest segnWhat is perceived then are the relative impaaof
each segment inside the composition, not theirahddize. “Graphical integrity”, to quote E.R Tuftis,
preserved (fixed width — lie factor 1) provided odlaim is not a dimensional comparison, but a
compositional comparison. The visual notation isnposed of two information groups, read from left to
right, corresponding to a move from a general @islyo a close view of segments (Fig 4). The first
information group gives four indications:

e anicon representing a figurative view of the geofi.e. a cross section of the 3D object, Fig 4a),

« aglobal proportion assessment (comparison of thfélgss bounding box to a square, Fig 4b),

e anicon used to identify the profile’s generatioada (translation/rotation/combined, Fig 4e),



e a ratio representing “how much the profile diffdrem its bounding box”, Fig 4c (measured by
averaging distances of the moulded part’s contoitg to the profile's virtual corner - the corrier
would have had there been no mouldings - and tberparing the resulting number to the bounding
box, Fig 4d). At this stage, this ratio poorly perfis (variations insufficiently rendered).
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Flgure 4. Left - general information group, rigtgnalysis of segments. Due to this profile’s symgnggature, an icon
(1) is displayed, rectangles on the right sidehefaxis are whitened and rhythm line interrupted.

The second information group is divided in fourikontal indicators with a fifth one acting as atied
boundary marking. Figure 4 shows, from top to hottohythms and moulding complexity (2)f(Fig 3c),
proportion and concavity (3), segments orientat®n number of hidden/unmoulded/moulded segmerjts (5
lengths of unmoulded/moulded segments when comparederall length (6). Finally, a timeline positiag
the date runs underneath the composition (Fig BI8$trated below on an example from [Tajchmanr39]9
the visual notation duly underlines the alternatmnconcave/convex curves the author spotted, but i
addition underlines other patterns (ex. the systienmasertion of a flat curve (Fig 5.7) between ¢ex and
concave curves - typical of gothic wooden ceilirigg;ontrast with gothic stone arches — Fig 1d, 3a)

Figure 5. Visual support of Tajchman's indicatarsmber/concavity or curves (1), segment type os &), dating (3)
(XVIth century ceiling in Reszel ). The notation popts Tajchman’s description grid, and supplemémsgth more
variables such as global bbox proportion (4), anhemd percentage of unmoulded segments (5), piopast each

segment (6), nature and proportion of transitiogtsveen curves (7), orientation of each segmene(s),

4. IMPLEMENTATION & EVALUATION

The implementation’s central element is a concgflied MetaProfile (a class in the sense of OOR3t th
stores features of an object's profile and callfoua modules. It does not need 3D data, excempdonal
3D origin that can help understanding relationghefprofile to the observer's position. For eachoBict to
study, an instance of MetaProfile is created -gisitetric data that can be acquired as a resulDa$iBvey
or extracted from 2D graphics [Blaise, 2008]. A huat of the MetaProfile class is in charge of regdin
ASCII input (list of control points plus indicatioof symmetry when relevant) and of writing an XML
formatted output that will act as root of persiseif the instance. A number of tools classesdbatrol the
collection of instances, and dynamically write thé&puts are also implemented. The platform accgidin
supports incremental data update. The whole aathite is, as can be seen, rather straightforwand, a
strictly limited to the use of freeware / opens@usolutions (XML / XSL / XHTML / Jscript /Perl / S¥)
that have successfully been combined in numeropsr@ances (ex. [Rathert, 2005]). At this stage of o
research, two types of evaluation have been camigda readability assessment test (disposal sitieg
load, possible ambiguities, targeted at newcomretisd field) and an efficiency assessment ana(pgisefits
expected vs benefits on real cases). It must ke daarly that these two initiatives do not staod &
through, in-depth evaluation of the framework; Wwerefore make no general claim on its value. Oumtpo
this contribution will mainly be to show that thasefood for thinking in bridging architectural melting and
information visualisation.



4.1. Readability and benefits assessment

In short, our approach implies the “slicing” of @file into individual components, individual feats, and a
visual encoding of components and features. To lwhident can the resulting graphic still be peredias a
representation of a profile? In order to obtain raliminary answer, we asked testers to match icons
representing figuratively cross sections of prafiland the visual notation. More precisely, testduded
three successive steps: a ten minutes blackboasgmation of the framework, the pair matching itisstf

(on seven profiles relatively similar — same typ®lgject, same stylistic affiliation), and an intexw during
which we asked testers what strategy they used tbelmatching (what feature they read first fatamce).
Results do call some remarks. None of the testaidenany mistake in matching pairs. This does n@rme
the disposal is fully satisfactory, but it shows fieatures chosen, and the encoding, perform qaitectly

as far as disambiguation is concerned. More intieggsthe interviews showed varying strategies:aomity

of testers started with a reading of the globalpprtion indicator (Fig 4b), but they then choséeitthe
rhythm line (Fig 4.2), the proportion line (Fig #.8r the number of hidden/unmoulded/moulded segment
(Fig 4.5). By contrast, they overwhelmingly ignorélie orientation line (Fig 4.4) and the lengths of
unmoulded/moulded segments indication (Fig 4.6gsEhvarying behaviours can be interpreted posjtivel
saying “the disposal is adapted to various reagpniedus” or negatively by saying “the disposalas t
complex to be universally read”. The limited nhumbétesters and the triviality of the test makehbtitese
conclusions rather premature.

We present in the following table an analysis @& framework’s performance on real cases chosedeansi
respected analyses of historical architecture. Ehisrcise allows us to comment expected benefita in
consistent contexti.€. minimising what archaeologist call the source &g

4.1.1 Supporting the identification and visualisabn of patterns, spotting exceptions

The visual notation performs here quite well, with instance a clear-cut visual transfer of Tajchiva
analysis of ceilings (see Fig 5) or on gothic pgesfiby [Viollet Le Duc, 1856]. Also tested on arabsis of
decorative tendencies during the Romanesque p¢@hbdisy, 1991] (Fig 6) the notation does underline
decorative patterns, as well as unexpected diféeren
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Figure 6. Cornices of various “schools” a) the Céiem school, Vézelay; b) the Provence school, Siirif The notation
used to identify, behind what Choisy calls “a commsense of decoration”, objective common patte(a$ligatures
between a convex and a concave curve through afehg2) predominance (in size) of the bottom nmusivex curve;
(3) use of partial circular curves for concave esnand of full circular for convex ones - readtarhythm line with
circles unfilled (partial circular curves) anddd (full circular curves). In (5) fillets of b) ppar as a discordant feature

4.2.2 Measuring visually changes over time insidefamily of objects, and inside a style.

We tested here a comparison of Greek Dorick capitaixamples of Metaponte, Tarente and Parthenon
[Choisy, 1991]. The author describes the evolutbthe ovolo from a rounded curve to a straight.dder
observation confirms this evolution - the ovolortereplaced as longest curve in the notation byabaeus.

4.2.3 Measuring visually changes in an object’s cgmsition and rhythms across styles.

Experienced in a comparison of bases (classicatrey{Barberot, 1922] the notation helps portraying a
pattern of evolution by supplementing traditiondffedentiation based on the number and types of



components with the reading of proportions andmmg. The number and types of components do appear,
and unsurprisingly reflect a basic “complexificatigpattern. But the notation also helps underlinatber
features: although the number of moulded componentsiultiplied by three, global proportions of the
objects remain very close, rhythm and proportiothef bottom torus and plinth are also almost ungedn

and the scotia in the lonic base appears as idserteetween elements already present in the Dase.

4.2.4 Enhancing the readability of qualitative, rhéoric differentiation across regions or styles.

In his description of early Christian architectyr€hoisy uses terms like “elegance” or “flabby” tthaay be
suitable to the needs of literature, but can habdiyransferred into an objective observation g tested
here the notation on four early Christian schoa)sSyriac, b) Byzantine, c) Latin, d) Armenian. lusthere
make it clear that our attempt was not to map teomsetrics, but to try and understand what obsemsa
lead authors to choose this or that term. Saidlyri@ three out of five cases it appeared possiblback up
Choisy’s arguments by observations on the notatidiut nothing tells us how far we are here frommla
wishful thinking.

4.2.5 Measuring visually and transferring into metics qualitative descriptions of patterns

In the chapter “Profiles” [Viollet Le Duc, 1856]y&“starting from circ. 1240, methods employed tavd
profiles are more and more bounded by geometridabrand regular measures”. But his demonstration o
transverse arches is far from being only rhetoriand the notation in that case does confirm twdnief
statements, and moreover helps understanding thephw he uses when he writes “Architects in Budyun
respected grammar and syntax [of architecture]tbey had their own turns and pronunciation” — these
“turns and pronunciations” appear to be a majaritiigatures linking curves, use of full circulaurges only
and regularity of proportions of curves.

4.2.6 Understanding geographical/ethnic variants side a family of objects, a style and a
political continuum

The comparison of theatre of Marcellus in Rome whdt Choisy describes as a variant of the romaricDor
in Gaul showed more differences than similaritiesniber, type, orientation of components, rhythmd an
proportions). What the notation helps us to undestere is that the word Doric, used to qualifihiibese
capitals, should be restricted to denote only dohical co-conception. The notation underlined deep
architectural differences - intuitively visible, there proven by factual indicators.

5. CONCLUSION

The methodological framework and its implementatiane- at this stage, limited ambitions, in pattcin
terms of technical impact. However we considenitst significant limits are the following elements:

e The a priori reduction mechanism itself (each moulding seera aegment between two control
points) is the major one. Our claim is that thisdelding bias helps analysing patterns and exception
in rhythm and proportion, but we acknowledge thas a loose fishing net, not replacing a thorough
geometric investigation (to capture for instanaalshape deformations).

« The architectural theory sometimes relies on aliegoor figures of literature — and these are lyard|
transferable in metrics and visual encoding, evemra abstract level. However what we try to
compare are profiles, not discourses about profiled therefore this limit might be acceptable.

Practical limits also can be quoted on the result stands:

* Real sizes of objects under scrutiny are at thagestabsent from the visualisation. A switch from
corrected — gauged — dimensions to real sizes qooltably be fruitful, and needs to be tested.

e Other indicators read from the cross-examinatiorattributes (ex. geographical markers) are also
missing in the visualisation. In short encodinggioitities have not all been reviewed.

Yet in our view the next step should privilege arencomprehensive evaluation procedure, before eny r
intervention on the components of the visualisatBayond, future works should first focus on depéig
collection-reading mechanisms, on browsing the dyitig data sets, and ultimately on supporting ptbst-
processing of survey results, notably in the follgyvsteps: automatic acquisition of data (feed ispu
automatically), automatic classification of pro§ijeand automatic detection of patterns and exuespti



In addition, a tempting although anecdotal develephwould be to use the framework as a design tool
rather than as an analysis tool — designing abatract level the composition of profiles.

The framework introduced in this paper appeardively efficient in gaining a synthetic, abstradew
of profiles, thereby facilitating the analysis ehtlencies and discordances, and the comparisawofiép. It
can be adapted to inputs that may range from eeliBD surveys to archival 2D graphics as they mdgt
in literature or previous investigations. The fravoek performs correctly in assessing visually nogidike
rhythms, alternation of concavities, proportionpotsipg of discordant behaviours — all notions pgorl
supported by existing geometric modelling solutioAs a side effect, it also underlines the ‘“relativ
accuracy” of theoretical analyses found in literaturhe experiences conducted showed that goingaabs
can help us gain a “context and focus” view ovewuldimgs in historic architecture,e. an acute view of
individual features within mouldings (concavity,oportion of each curve for instance), and a pan@ram
view of mouldings (encompassing typological, gepbieal and temporal distribution). However the
framework’s role is not to replace 3D surveying ageometric analyses. Its role as we see it is to
complement them with a synthetic vision of profjldsstering cross-examinations in a straightforward
manner, and putting profiles in a context wherdér tiedation to the theory of architecture is aseess
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