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ABSTRACT:

Within a more general research topic, with refegettcthe possibilities offered by new technologieserms of documentation and
knowledge of the historical architectural heritagés interesting to test the utility of a congnii@ise of several detection techniques; and
is not meant as pure addition but as integratiorsysfems, to each other complementary. With spergfierence to the survey's
techniques, analyzing for each methodology thenifigih of general and specific checking's proceslathe results' correctness, we
intend to test the possibility of an integrated akéhese, especially in complex architectures.iraresting field of application of the
proposed methodology was the cloister of Villa Rufa Ravello, in Amalfi Coast, in which fragmerdgéthe past, more or less intact,
coexist along with structures built in later pesotfiere, various survey’'s methods have been appltepographic, photogrammetric,
laser scanners — each in reference to their owtifigjtees. The obtained data from each applicatimre then correlated, thanks to the
presence of a points' network that allow the irgtign of information, at first separately processed

The 3d model, generated by the union of each psedasart, was then the starting point for the ekt of an infographic space that
is an important step of documentation. In factjaaily interpreting the previously acquired dats can imagine to make accessible,
albeit virtually, the lost space, digitally recansting its original architectural shapes.

The research has led to particularly significarttomes, in terms of techniques' integration arsh, alalidation of each used method for

the digital documentation.

1. INTRODUCTION °
1.1 The employed methodology

The work that the present paper summarizes, exsete
results of a wider research conducted within theéD Hh
Structural Engineering and Building and Urban Relitatibn,
active in the Engineering Faculty of the Salerturiéversity, in
Italy. In particular, the research entitiéategrated Surveys of
architectural heritage. The laser scans and the itdig

processing(PHD Maria Rosaria Cundari; tutor prof. Vincenzo

lannizzaro; cotutor prof. Barbara Messina), addietsseveral
particularly relevant issues in the field of repmsition and
documentation of historical built heritage.

The target also has been test the reliability éd firocedure
with reference to deeply transformed architectaisdets, over
the centuries. In these cases, in fact, the doctatien, firstly
but not only metric-formal, forms the starting pofor a real
knowledge.

Then, recovering — albeit only virtually — shapesl deatures
deduced from experimental data, recorded in thd, fiefinally
becomes possible a space's reading, back in timeugh
infographic modeling, so returning the original geaof the
investigated architecture.

1.2 Represent to get to know

The knowledge of a context — whether urban or &echiral —
always has as a prerequisite the direct experieftee space
that defines it. However, to fully understand théden laws of
space's phenomenic image, to seize the harmonictiste from
which reality takes shape, in the variety of conitpmsal
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elements, it becomes essential its graphical reptason.
Representation that, far from being understood asplgi
metric-formal reading, becomes instead a critinédipretative
act, capable of revealing the innermost relatigrstthat are
established between geometrical rigor and freeesgion of the
form. The search for signs of the past, througheasoned
verification, and the graphic study of the singtehétectural
elements, then interpreted as a whole and contéédan the
urban structure to which they belong, are, theeefessential
moments to focus on the specifics of a place.

The built space arises itself as a tangible exmessf the
transformations produced by the man who, as alserebd by
Panofsky, "... is the only that leaves testimotiekind it, as it
is the only whose artifacts bring to mind a differédea from
their material existence" (Panofsky, 1962). Thewfdt is the
tangible synthesis of culture and tradition thabdwurced it,
diversifying depending on the age as well as theggphical
and artistic context in which it was conceived. Thé you
want to achieve its deep knowledge, it is essenggiode the
complexity of the forms that constitute it, in orde understand
its true essence. In this sense a correct cogragpproach can
not be limited to mere passive contemplation ofatehitectural
space: its cultural appropriation is inevitably dé@son strict
control of the qualities and values, that emergenfthe space's
direct experience.

If, therefore, a specific scientific value is ditrted to the
representation — namely we recognize that it campte the
formulation of critical and analytical methodologiaddressed
to the analyzed reality's study — we arrive atitierpretation of
the drawing as a system with which to define, jrtet, and at
the same time communicate the built spaeeutih graphic
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Figure 1. The bell tower and the entrance of \Rl#olo

works that, by virtue of an inherent objectivityr fexample
connatural to Descriptive Geometry's methods oth® used
conventions, uniquely identify the real data, dlbeith due
graphical simplifications.

With reference to the historic built heritage, libsld be noted
that it is a field that requires constant updatingterms of
representation's techniques and procedures fangtoollected
data, especially when you consider that this hgeifa typically
used every day, as well as subject
transformations, sometimes minimal as a resulthef natural
time's flow or of the specific use, in others merdstantial,
because caused by traumatic events, such as wars
earthquakes.

The deep knowledge of a building, in referencetscistorical
dating, or to the metric-formal aspects, to thetestaf
preservation, to the intended use, can then fatlitthe
protection and preservation process of the ricthitectural
heritage, and also allow to recover visual memokysame
particularly significant architectural episodes. this sense,
there is a need to develop methods able to oudlirspecific
protocol for the analysis and representation ofkibit space,
identifying the processing suitable for the docutagon, the
graphical interpretation and for the integrated itdlg
management of collected data. Drawings, thereftitat not
only aim to the final product's visual impact, ather to
transmit the complete knowledge of the represemesdity,
through an information corpus that allows to redpgras own
the investigated heritage.

A correct approach to the described problem, trerpjires the
adjustment of the so far used methodologies, ineggn
addressed to single aspects of analyzed realitichms then
read in an almost always partial way. So, it separsicularly
appropriate the provision of an integrated digiegdresentation
system, able to guarantee a rapid spreading anidaege of
information about the analyzed buildings. If theevitable
scientific premise is the acquisition of metricfal data
related to the investigated heritage, the docuntientaf the
built space, in the broadest sense, can not beratega as
already noted, from the graphic representation ifiero
information: the hidden geometry, that charactarizine
architectural elements specific to a context, tr@umes’
proportional relationships, between them and withe t
surrounding environment, the effect producedtie use of
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Figure 2. S. M. VOROb’eV, Ravello - watercolor of B34

to continuous

certain materials, and also the representatiomefimmmaterial
aspects. Meaning by this term less tangible aspects as the
tic behavior, the volumes' weight, the answerettain stress
or actions which a building may be subject, urtiiriclude the
perceptual qualities, related to the viewer's sthje
participation to a built space.
If then it is indisputable that the cultural apptiagon of the
architectural heritage can not be generated onlgsitigating
the physical size and the space's morphology, biter
capturing its entirety, its complexity and all igmality, it is
helpful to use digital modeling to simulate — witireat
verisimilitude if appropriate — some architecturapace's
aspects, difficult to express with the tradition@presentation,
though necessary as the knowledge's initial moment.

2. EXPERIENCE OF INTEGRATED SURVEY: THE
CLOISTER OF VILLA RUFOLO ¢

The overall objective of the research, created Xploge the
issues of integration between the various techsigfesurvey,
progressively oriented — based on repeated ushkeofarious
techniques and related procedures - to define droes to help
ensure both verify the repeatability of the indivadl measures
and their processing / refunds. In short it is pesgively
outlined a path operating which could form the bafsir a
quality certification (as has been regulated ineotbperating
segments and categories) also as part of the ectinial survey.
The episode architectural chosen for the experiahexttivities
is the small cloister of Arabic influence of VillRufolo in
Ravello with architectural spaces connected to it.

It required a multiplicity of approaches to theosty differences
in morphology and size of its various elements enemedieval
architectural invaded by the delicate and minutaroas of the
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SOFTWARE UTILIZZATO:
YCLO!

ORTOFOTO DELLA NUVOLA DI PUNTI PER
OTTENERE

IPROSPETTI IN SCALA

Figure 3. Orthophotos from the point cloud of thester

Arab partition wall (with reduced small distancetvibeen the
columns) — and has involved the use of differechméques and
of survey, from time to time, appropriate to theed®
constituting a privileged field of experimentation.

Based on the activities carried out, it is apprdpri@ outline
the procedure that is derived from research, wimoam steps
can be summarized as follows:

phase I: General and

inspection photographic

Figure 4. Orthophotos from the point cloud: doutd&imns

phase lll: Detection photogrammetry. The technological
evolution confirms the usefulness of the techniqoethe
photogrammetric survey, recent systems have revitles
principle stereophotogrammetric (also based on ftre/ard
intersection) offering dedicated software whichrogjuce the
recurrence of the "normal case" (see system ZSé€dvieoci
software) and, therefore, the production of paifspictures
(digital) stereoscopic. In the case of using thehméque of
stereophotogrammetry, prepares the necessary prajyéc
recovery, are cataloged individual frames or stgpaos, we
proceed to the identification of control points arideir
documentation. Systematically proceed to duplitaéeimages

documentation. The object, according to the purpose of thetg keep a copy on file;

survey is: a) to define the technical of survey, iehe use to
design, c) the design of complex two-and three-dsi@nal

graphics refunds needed for documentation and comwaition,

d) to decide their representation scale (in remtio the
characteristics of the various parts of the budglire) to provide
for data acquisition campaigns and measures diffdexel of

detail to support the various refunds;

phase IV: Electronic detection. The electronic survey was
made on the basis of a draft drawn up beforehamddar both
to minimize the areas not scanned, both as to aeliwe greater
homogeneity (in relation to the distance) in theansing
density. The project may provide for the realizataf specific
scans necessary to the detection of detail. Ofstinigey will be
kept all the documentation, all point clouds anatpgraphs

phase II: Surveying. The object is to establish a general that will be performed in accompaniment to the digu

network of measured points on surfaces (interndl external)
of the building, the results of the topographicveyr shall
include, in addition to the printout of the cooralies of the
measured points, monographs and photographic dotation
of the individual measured points , both in paped aligital
format. The detection must be specifically depthtfmse parts
of the building intended for a representation ofager detail.
Particular attention should be paid to the selactibpoints that
are stable (edges of architectural elements, etmil easily
recognizable in both the digital

documentation in electronic scans;

Figure 5. Views from Photogrammetric software foygessing
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phase V: Survey of completionBy this term we refer to the
acquisition of those series of photographs necg$sathe use
of additional software that allows to build the siigy parts of
surfaces (gaps) in the models or in stereo-eleictisrans, as in
the case of the columns of the cloister of Villa®af This is a
particularly delicate phase whose characteristics manner of
execution should already be outlined as a resultths
inspection general of the places;

and photographic
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Figure 6. Section of the courtyard with orthophdfdall Arab
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Figure 7. Axonometric section from digital model

Phase VI: representations of two-and three-dimensial, 3D

N

Figure 8. The digital model of the virtual reconstion

the interpretation of its surviving original chatars, a

modeling. This phase covers all operations return and use thibliographic research and documentary sourcesigihmot in-

data acquired during the survey. It is importanttguire the
three-dimensional models as well as various rendbereas
only models allow further manipulation is both netthecks.

Phase VII: Archiving of all data prepared for the use of
various techniques, and the data acquired and prossed.
The object of this phase is to allow, in later tinehe
continuation of relief - with a different goal arsights - without
having to start over.

It is also important to take caution to duplicdte file and store
it in separate locations. The availability of saiter that
automatically manipulate point clouds creating acef meshes
and producing a three-dimensional model, genemates in the
incorrect belief that that model is the logical ulesof the
survey. In this field, the information is signifitdy incomplete,
is never reported, indeed, that, proceeding to mgshith two
different software - based on the individual, diiet algorithms
— the result will probably be different. This wousdiffice to
signify that a model of mesh surfaces tract frompbint cloud
is still a useful operation (for example, for vesdtion of the
existence of any "gaps", etc.) but that the prodoidel

corresponds to only one of the surfaces mathenfigtica

compatible with the points acquired in the scare ofi those
possible because, using a different software, ékalr could be
different.

The research, however, had a further result i<losely related
to its initial objectives. The relief of the buitdj organism has
confirmed - if that were necessary - the value dfical
knowledge, its realization has led to a greatereustdnding of
the work in figurative and compositional aspectshdrito
unexplored; based on fact, survey data and refusmad
processing consequential reconsideration of thmdoted — the
earthquake in the early eighteenth century, th@invardamage
of the twentieth century and
reconstruction — which helped to determine theemirstructure,
and critical analysis of the current geometonfiguration with
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depth) — it was possible to develop a hypothetical
reconstruction of its original virtual that returtiee full dignity
even in comparison with other models of architezguislamic
influence present, to a particularly widesprea®itily.

The Villa Rufolo is presented as an architectunalcture that,
in the lower level has been, in the past centur@eatly
manipulated with the realization of the mighty wstilucture to
support what the old building had survived the legubkes of
the early 1713 (Giovannini P., 2000). It is knowatt as a
result of those seismic events, had collapsed #samn wing
of the factory and that, under reconstruction, gaen up his
full restoration also deciding the burial of thevkr part of the
lower floor, this sequence of events could alsovigi® the
reason for the architectural forms that are obskindow relief
on the lower floor, on the west wall of the clorsémd that hint
at a series of three arches of which the two latpaatially
hidden by walls erected to the garrison. We can igobre,
however, the high capitals that are read on therowall west
who could have provided the grafting of arches aadlts of
another ambulatory been destroyed. Morphologicalyais of
the small structure, its importance, the analysigsovarious
parts (although plenty rebuilt as a result of trer)whave also
suggested to elaborate — in relation to the aawt@nt of wall
columns of the ambulatory and primary other coregérv
elements on adjacent walls —
configuration of the virtual reconstruction of thancient
cloister, of course different from today in whidietdelicacy of
the elements that bear witness to the Arab inflaéacforced”
by building structures made for their support ie #ighteenth
century. The reconstructive hypothesis - to fealoaltely wide
maximum - the ancient cloister was built in thenfoof three-
dimensional model and return plano-altimetric,sitbased on
the following assumptions:

- covers the walkways to the lower input level (tbp) of the

the subsequent partiagloister, should be regarded, by their shape, dowith the

interventions of strengthening walls of the eighthecentury,
as a result or conduct originating in ambulatorjdrbn we can
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Figure 10. Rendering of the virtual model recongtounc

assume similar in forms and height, greater that df the
ambulatory (as is recorded at the lower level);

- also along the ambulatory minors reiterating tpper level
(input), walls with double columns today as we readthe
larger one, and as can be seen from the tracessthain.

On the basis of the findings, the hypothesis, wehpect to
current returns-on-one situation of the places reath in the
performance space: this hypothesis refers to thginat
configuration of the two levels of the cloister lied to the
performance of its ambulatory order to reconstrube
morphology and characteristics of the reservoie @riness of
the system, the lightness of architectural textuties lighting
conditions in general) have not, in fact, found fisignt
evidence to reconstruct neither internal nor in antculation
Its volume of the wing that was to accompany thetfoside of
the ambulatory, to the west. The wall columns negaits
original performance is almost double than whatusrently
visible, a hypothetical reconstruction also affetts other two
walls (orthogonal to the first), in line with theursiving
elements of the ancient arches interlaced, andrisinly more
appropriate to importance of family Rufolo, with awerall
configuration of space and forms more consistes #pisodes
(such as Monreale, Sicily and that of the facadéhefDuomo
di Amalfi) received us somewhat intact.

Having checked the system and the central squar¢hef
reservoir constant width of ambulatory survivorsaving
established the analogy of the forms of arches auipg by
columns still exist in the ambulatory children witibse stored
the ambulatory main, we proceeded as follows: ergtiound of
Input: observing the partition wall with columnssiile today
(from the balcony to the west) and assuming theowainof the
walls that hide the extreme parts, was naturaksume that the
decorative part of the outer wall above the dowdeimns are
complete according to a strict geometric criteri@bso
evidenced by the already visible small facade. Meee, the
modules with four columns that are observed attids of the
wall columns in the Main Gallery are certainly aéyof corner
solution to be found, though in a different forrm other
cloisters of the period over which an appropriat@tson under
the ' static aspect in replacement of a pillar Whioccupying
the thickness of each of the two facades in tharsection,
would have to collect the resultant thrust of thvealts for each
corner; with this function, the module has beereagged in the
virtual model in the four intersection of the outealls of the
cloister. For the fourth side, the virtual reconstion involved
- as already mentioned - only the ambulatogjterating the
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Figure 10. Rendering of the virtual model recongtounc

same modules as the opposite of the ambulatoryepiitating
the sequence of coupled columns and arches yinerl
intertwined. In the virtual reconstruction, of ceey for all
ambulatory was adopted the same type of roofindfsator the
lower level, virtually obliterating the walls niregnth century,
they came back naturally in view of the pointedhasc on
columns with which the vaults of the three ambulatmlume
ahead of the cloister, as for the higher level, floe side
Western was made a virtual reconstruction of raghg the
ambulatory opposite, with its vaulted ceilings getthe wall of
the sphere and four columns towards the reservoir.

The virtual reconstruction described so far hao deen
supplemented by decorative elements that charaetetie
exterior walls above the twin columns, | refer k& telements
that emphasize the pseudo-floral arches interlasmdi-circular
moldings above it, and the other elements of coolet
punctuate the high end that ends with the exteshape of the
extrados of the time coverage.

At the conclusion of the search, and accordingxigegments
carried out, with reference to the initial questmmmcerning the
integration of various techniques of survey andates
problems, one can observe the following:

- traceability of all the current techniques of eafing
instrumental in the electron emission makes as érew
homogeneous;

- the widespread use of computers for all actisitrefund
(including data acquired with non-instrumental tEglues)
results, with the digitization, the "homogenizatiaof all the
information acquired and used (even of the measemésrtaken
with a tape measure) .

In conclusion, the research has highlighted thditpbb be
able, in the process of documentation and preservaff any
architectural structure is preparing us to studyamdy the most
modern detection techniques as well as those thahtiatorical
for their integration received by the overall knedge and
global building under study.
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