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ABSTRACT:

The work is the final part of a multi-year reseaprhject on the Milan Cathedral, which focused om ¢bmplete survey and three-
dimensional modeling of the Great Spire (Fassi.e811) and the two altars in the transept. Tlénnpurpose of the job was to
prepare support data for the maintenance operaitiontving the cathedral since 2009 and still ingness.

The research job had begun addressing our effortiglentify which methods would allow an expeditiolbist comprehensive

measure of complex architectural structure as dewvl{échille et al., 2012) The following researclonks were focused mainly to

find an efficient method to visualize, use and shhe realized 3D model.

1. INTRODUCTION
1.1 General introduction

The presented work will answer the final questiekea by the

years there has been international awareness ths Ban
make the design, construction and the differentilding”
operations more efficient, optimizing and speedipgbuilding
processes (Coates, 2010). Usually and until todde t
Architecture, Engineering and Construction Indugriocusing

paper presented to 4th ISPRS International Workshopynly on new buildings without paying attention tetCultural

3DARCH 2011: "3D Virtual Reconstruction and Visualinat
of Complex Architectures" Trento, ltaly, 2-4 Marct01A.
(Fassi et al., 2011) The main topic of that job whsut the best
strategy to survey and model huge and complex tethres.
The study case was the research activities condiumtethe
main spire of the Milan’s Cathedral that have lear@ation of
a huge three-dimensional model of the spire charaed in
great detail and high complexity. Initially the aohthe job was
to build a 3D complete model of the spire in oreextract all
feasible measures useful for the restoration bité the feeling
was that a complex and complete 3D model can gimenfor
this reason that job was concluded by asking thestipn: “A
huge 3D model: what does it for?” (Fassi et al.120 The
efforts of these last years were addressed in dpwvej a sort of
BIM system working on the web that would allow tree f the
three-dimensional models during facility management
supporting both the filed activities on the yardiahe design
and data updating in the technical offices (F&X¥12).

1.2 Thestateof art

In the last years we are witnessing a sudden dewedot of.
“Building Information Modeling” (BIM) system. It isa digital
representation of physical and functional charaiiérs of a
facility. A BIM is a shared knowledge resource fofiormation
about a facility forming a reliable basis for deoiss during its
life-cycle” (NBIMS, 2012). This is only one of the many
definitions of BIM but it makes clear in a few wordise
meaning and the potential of these systems. Inifiattte recent
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Building Heritage. So, the need to refurbish, busoakll
management and conservation processes of the ngxisti
buildings makes BIM for Cultural Heritage an esseméaearch
field in the last years (Del Giudice et al., 20IB)e use of BIM
can help in the understanding and preservatiorenfage both
for the professional and the general public.

Indeed it is exactly in the field of Cultural Hegenwhere 3D-
BIM systems have big potential, because the “CH t&jeare
expected to live forever and the maintenance psasgsare
continuous and endless into the future.

Moreover“A basic premise of BIM is collaboration by diféat
stakeholders at different phases of the life cpéla facility to
insert, extract, update or modify information inetfBIM to
support and reflect the roles of that stakeholdéRBIMS,
2010) and this is valid more than in other plag&ht in the
world of CH. In fact, all activities require collatations across
disciplines, technologies and sectors, such asorfist
archaeology, cultural studies, anthropology anceiotreas of
humanities and social science.

The three main tasks are: i) object survey, ii) eobj
representation and iii) visualization/sharing offormation.
Today the survey phase is relatively fast thankslaser
scanning and automatic image based algorithmschgegion of
the 3D model is the real bottleneck of the wholerkffow.
Nowadays, the research is focusing mainly on #hs& and in
particular developing algorithms able to speedhgrhodelling
phase.

The main topic is normally the simplification ofethmodelled
structures using parametric or semantic modelliracgdures.



These methodologies have achieved very good reauttsse of
“regular simply study cases” but are inadequatedonplex and
irregular objects (as in the archaeological casstuafies) or for
big scale representation where simplification is possible.
Moreover commercial systems are not able to modeiptex
freeform object in a real-based way and also thpoited
models can not be fully used in the “informatiorsteyn” as
smart objects. For these reasons different typegohfmetric
modelling procedures, typical of Archicad or Rewit,standard

only partially, interesting for a cultural heritagbject, because
they have been conceived for the design in the teaémce of
new buildings. Moreover, they do not include featuuseful

for maintenance operations and restoration ad@witiThis is

because “cultural heritage objects” are unique fthenartistic,

historical, architectural and constructive poinviw: each has
its own strong identity that is impossible to stamtize.

The starting point is the realization of a highlystomizable

system able to easily adapt itself to the differeages allowing

parametric libraries (HBIM) make commercial systemsto work with different type of objects, differentpresentation

inadequate or not sufficient for many CH case afis!

The third objective faces the difficulty to sharelanake usable
by different people a considerable amount of d&ate main
issue is the use and sharing of three-dimensiondkfs that are
normally of large dimension, both for the high deson with
which are represented and for their effective esitam and
complessity. Nowadays there are many webservicés @b
visualize and share 3D models. Normally they &tk Ibbjects
and little 3D models. In the field of Cultural Hexge there are
few systems able to visualize complex and larged@fa on the
web. One is Cyark viewer able to visualize high hetson
pointcloud or mesh surfaces on a dedicated Webglesy
directly on the browser (Silla L., 2012).

Another interesting system is Potree (Potree, 20143 a free
WebGL based point cloud viewer for very large detsslt is
based on Scanopy project with the purpose to dpweficient
data structures and algorithm to allow displayingyén point-
based models (Wimmer M. et al., 2006). These ang/ ve
interesting and useful visualization systems. Tbhay be very
useful because all survey methods, both image amgkrbased,
produce quite huge and dense point clouds, thatnfany
purposes, can be enough to represent the objebbutitany
futher elaborations. Another interesting projec8 3HOP (3D
Heritage Online Presenter) developed by the ViQghputing
Lab, ISTI-CNR. It is a collection of tools and terags for the
creation of multimedia interactive Web presentation digital
cultural artifacts. It is a free software able feualize online a
3D mesh model in the native Nexus format. It isugiat for
online visualization and museal presentation wih &im to be
used by anyone with simple webpage-creation skilishout
the need for specific Computer Graphic expertisksoAthis
application is built using the WebGL API technologyd the
SpiderGL JavaScript library. An interesting aspést the
possibility to costumize the html pages insertingrg kind of
textual information.

An important citation is due to the Nubes Projextaloped by
CNRS(De Luca L., 2013); that is an information systanthe
architectural scale of representation. The main aimthat
project is to create a web-system able to allow
multidisciplinary analysis of heritage building ateng complex
relations between geometric 3D representation eftthilding
with heterogeneus data concerning various domaathrical,
historical, documentary). It is the first completgample of
information system sharing on the web created ad foo
Cultural Heritage.

1.3 Thethree main characteristics of the new system

The system is designed from three main considerstio

The main first idea was to break away from the cencmal
software that nowadays are unsuitable for the rfattted
world of Cultural Heritage. They are unable (totaltypartially)
to handle complex “real based modelled shapesgelacales
modelled objects and big dimension areas or bugklinn
addition, the main problem is the final use of tmedel.
Commercially, the implemented applications are yarend

scale and resolutions, also simultaneously showidysharing
different type of information and managing differamd unique
maintenance operations.

For this reason, the presented system is ablestmhze huge
dimension and high numbers of different 3D modé&ley can
be built with any external software and can bedinsimple
blocks (structure) or complex high-resolution msltale free
form models (decorations) or both integrated togetiThat
mean that:

e there are no constraints on the number of the \nkava
objects,

¢ there are no constraints on the level of detagaxth
model. So the users can visualize each object with
different level of detail, depending on their needs

« the users can place models of any type, regardless
the method or software by which they were created
(manual modelling, parametric modelling or semantic
modelling or real based modelling),

e the original 3D model format is preserved by the
system (nurbs or mesh models) in order to let the
modification in the original modelling software, tbu
automatically managed/transformed as mesh (also
textured) inside the system viewer.

The second key aspect is a consideration aboubppleeators
working in Cultural Heritage field. The modern exgtm of 3D
models means that even this world will have to terea
professional roles able to build, modify and updétece-
dimensional virtual representation of an object. general,
however, the user and the classical operator infitld of
cultural heritage will not have the knowledge te,umodify
complex three-dimensional models requiring prinyaril
dedicated skills and high-level hardware technasgiThe
second aim of the system is to solve this probl€he system
should be easy to use and easy to learn even feexyperts. It
should have a user-friendly interface and shouldiged with
common devices. That is the only way to ensuretti@system
becomes integral part of the maintenance and wiiar
gractices and very attractive to the variegatedovoir operators
in CH field.

The third consideration is that a digital 3D moidetxpected to
become the representation of the future. This i&va any
contemporary field of study, but can be extreméamificant in
the field of Cultural Heritage. A 3D model is a cdetp
representation of the “object” that can be analyaed studied
in its entirety, without any effort of abstractibg the operators.
Digital 3D models add big chances in the procedsofviedge,
providing new possibilities on the way to study, nage,
monitor, visualize, conserve and valorise a cultireritage
object. However, to achieve this purpose it shdadddynamic
and eternal, that means it should be forever upgisié and
modifiable in the future; it should be "for everyhyd, i.e.
visualized and used easily by different operatard &rom
everywhere" that means that a digital 3D model khde
shared and used in a collaborative way.



2. THEWEBBIM SYSTEM.

For these reasons, the presented system, named EB@3[3
thought divided in three parts:

The only requirement for the user is to use, withie
modelling software, different objects for each ddnsve
entity; during the export process, our system eaognize each
object and, automatically and transparently to tteer, is
responsible to divide each object in a separagetifiat will be

1. a first part that is thought to be mainly used fromstored into the central database.

professional and 3D specialist. It gives full ascés the

When the user needs to view the model, he cantséarit and

whole system and all functions inside the modellingload only the portions of interest through a senéssearch

software or standalone (work in progress). It uieed to
add or modify (export process) 3D models into tystesn;
every kind of previously modelled surface are sufgub

2. The second part is instead thought for all oth&raignd,
therefore, it is specially designed to be easy ¢e and

usable in mobility on different devices, such as PC, .

notebook, tablet and smartphones. This part resjainty a
web browser and gives full access to the wholeesysind
all the functions inside the web browser, except ability
to add or modify 3D models. It can also be usedievice

with few hardware resources because it permitsiéw v

objects at different levels of detail, computedoaudtically
by the system during the export process,
approximation of the mesh surface extrapolated fthm
original model.

3. at last, the system needs a central databasedifextts both
3D models and all information and additional fitetated to
each object. It is ready-made by system administrétut
can be easily automatically initialized by the usdre use
of a central database allows users to share anthgymze
all changes in real-time.

Regardless of whether using the first or the secpad,

BIM3DSG allows the user to:

through

functions; e.g. the user can make a selection by:
« using one or more filters on identification paraenst
of the constitutive entities, such as for example t
area, the zone, the sector, the type and nameeof th
single element
including of one or more, or ranges of unique codes
associated automatically by the system for each
constitutive entities during the export process
e asking for a cross-section of the entire modelgor
area of the entire model), with a height definedhsy
user and focused on a single element selectedeby th
user
asking for a selection of a ball around on the whol
model (or an area of the entire model), with auadi
defined by the user and focused on a single element
selected by the user
Other queries can be included by request and caalvia
maintenance, restoration and building site acésiti
The most interesting thing about the ability todoanly the
portions of interest of the whole model is thatlibws users to
use so defined model that couldn’t be loaded dntia¢ full
quality on the actual hardware, or that could lzléml, but with
too poor performance.

+ view all or part (selected through some searchp aqgition, the ability to use different levels afetail
functions) of the objects previously exported i th (automatically computed) on the web allows youdtsplay

system

always the entire model, even when it should nopdsible to

+ view automatically computed BIM information of qq it because of hardware limits, with the onlyitiof using a

each object, such as area, volume, position, ...

lower level of detail.

. add/edit/view user BIM information and files (photo, Thanks to this feature, our system allows the tser

video, documents, dwg,
more objects

. add/edit/view maintenance, restoration and building

site activities and also all related informatiom dites
(photo, video, documents, dvg, ...)

e view past situation, and also view past and present

situation at the same time for comparison intent

...) associated with one or .

insert and manage any number of different objects

different from each other, even if they are not

parametrizable;

« insert and manage any number of any resolution
(chosen by the user) models of objects which
geometry is not default;

e use simultaneously simple and complex objects.

In both parts powerful caching mechanisms have beeBs Thecentral database

implemented, in order to ensure the user-friendénand the
appeal of the system, allowing almost instantandoasling
time, even if the available connection is slow.

2.1 Distinctivefeature

What makes our system possible is the innovatiea ighatent
pending, protocol number MI12014A002016) to spli twhole
model into each constitutive entities and save adlithem
separated one from other into a central databasaddition a
series of search functions that also allow useedgo load only
portions of the whole model.

The type of constitutive entities is defined by treer, not only
for each project, but also inside a project, tdlgaslapt to the
widest range of needs. For example, if the wholeegth
dimensional complex model is the representatioa cdthedral,
the single constitutive entity could be a capitaha@olumn, the
column itself, or even an entire spire, but alsoastitutive part
of the capital of the column.

The central database is rather installed on a es®@tver or on
the cloud, in order to be accessible by a plurality
workstations and devices through the conventiomaérhet
connection. However, if needed, the database caotelocal
or placed within a local network.

The central database stores not only the intetnattsre and
the textual BIM information inserted by users, bilgoathe
models files (both in the format used by modellsadtware and
JSON format, automatically computed and used fotb we
visualization), the BIM files inserted by users amaly other
necessary data and files.

We chose to use PostgreSQL on Linux, because ia Sparce
and has a lot of useful features. However, ouresystan be
adapted to use other database, for example Midrc3QiL
Server or Oracle Database.



2.3 The modelling management part

We wrote a complex plug-in for Rhinoceros, that givesers

access to all functions and features, except teeofisevel of

detail, that is distinctive for web visualization.

The choice of Rhinoceros derived by the fact thit @ne of the

few software that support both NURBS and MESH, andg it
easy to use and learn.

Our plug-in is written in C# and .NET. For the Ulewsed

Windows Form in the first version, while in secoretsion we

are using WPF embedded inside Windows Form (emlubdde

because Rhinoceros is written in Windows Form), bsea
WPF is more attractive and modern.

Our plug-in also uses ITinnovationsLibrary (Rechjck014)
and only in second version Xceed WPF Toolkit andcaded
version of AvalonDock.

The export process is written with high multithrgzatallelism,
so that it can use all physical and virtual corailable; it can
reduce the time of export process to about 7/8 gime
consumer processor and at least 11/12 times on reeea on
high performance workstation processor.

We have planned for the future to release a stétka
application that can export OBJ files into the syst&V/e can
also develop, on request, plug-ins for other maatgkoftware.

2.4 Theonlineplatform

The ability to use a common web browser to viewrgBdels
and perform all tasks, except the export processa ivery
important feature of our system.

First, it helps to persuade common user towardsusieeof the
system during the daily work. Then it can be als®diin
mobility and on mobile devices and it is cross{plamh. Last
but not the least, there is no additional cost dastomers
because browsers are free, and one organizatioexXfmnple a
public administration) could give read-only accéfsdl access
permission and separation, based on UNIX like seheane
supported by BIM3DSG) to models and some data toyeme
for free without any cost.

The touch-screen support makes BIM3DSG even morplaim
to use and let it also run on touch-screen onlycgee.g. in a
museum where we can have a touch display for visito
BIM3DSG, for visualizing 3D models inside a web bsay
uses WebGL through ScenelJS library. The core sysises
also Javascript, JQuery, php, css. The web ineifabased on
JQuery EasyUl.

2.5 Modules

The main functionality of BIM3DSG can be summarizet a
block diagram, as we can see in Figure 1.

The first step is the user authentication: BIM3DSIBves the
management of advanced user permissions (usergrangs),
allowing to prevent or to allow access and/or modifon of
each single element and each single file inseaechrding to a
UNIX like access scheme.

Through the export process user can add the cotigtitentities
and/or modify all the previously inserted entiti@nly inside
modelling management part).

Then we have the import process, by which at ang the user
can import and load all or part of the previouseited entities,
in order to view, analyze, modify, or access al¢ tBIM
information and data associated with them.

Once the user has imported the entities, it isiplest access a
lot of feature for viewing and entering data, imf@ation and

files on each single constitutive entities andniisdel, starting
from the selection of the same. BIM3DSG let user to:
* insert any type of textual information
« insert multimedia files (photo, video, ...) of any
format
« insert other files of any format (documents, report
pdf, dwg, ...)

I A

‘ user ‘
authentication

—

‘ add new ‘ add/edit/view < modify imported
entities maintenance L entities )

( modify imported )
entities

|___exportprocess |

|

| textualdata | 3 | textualdata | 3 | textualdata | 3 | textual data | 3

\ | multimedia files | | | multimediafiles | | | | multimediafiles | | | | multimedia files |
| otherfles | | | otherfles | | | | otherfles | | | | otherfiles | |
| BIM data linked to ! | BIM data linked to ! | BIM data linked to b general and

| costitutive entity | | model | maintenance | | globalBIMdata !

Figure 1. block schema for the main features of BI3&.

Each information can be mapped on both a singlstiative
entity, or on its model, or on the maintenance tjeor as well

on a group of them.

Furthermore, user can view some automatically caeth8IM
information of each model, such as area, volumsitipa, ...
These data are computed by BIM3DGS during the export
process.

Eventually the user can add/edit/view maintenanegtoration
and building site events, starting as usual froemgélection of
constitutive entities involved.

2.6 Theexport process

The export process is the core of our system, filversve go on
analizing it in more detail.
First, BIM3DSG validates the objects selected fopogtation
process and write permission; then it displays tihertine user,
allowing the identification of new objects and nfyilig
objects (identification can be both manual or awsto).
After this first step, BIM3DGS makes a final valiaet of the
previous choice and finally start the actual exgodcess, that
is mainly composed from the following step:
1. extraction of identification parameters, such asaar
zone, sector, type (from the layer structure) aatha
2. saving one temporary file for each constitutivatas
to export; each file contains one and only one
constitutive entity and it use the specific fornudt
used application (for example 3dm for Rhinoceros);
after the system completes the step and the step
below, it start to upload the temporary files ke
database
3. pre-inizialization of the database for the new t@di
and cleaning of some records for the modified
entities, saving a backup (all user information aem



untouched); it also locks all items to export taidv
conflicts during web visualization from other user

operation on one entity, including:

extraction of the mesh, if object is a mesh,
or comupute it from NURBS

computation of volume, area, bounding box,
its center and its radius, ...; volume and
area are computed only for high quality
LoD (Level of Detal)

conversion of the model in JSON format,
saving it in one or more temporary file,
which eventually include also UV texture
map coordinates for applying the texture
updating database informations and datas
JSON files are upload in background just
were each thread is completed

if there are other LoD to create, the system starts
multithread elaboration for decreasing the sizeawh
object: the system uses a own algorithm particularl
designed for decimating mesh (described below)

Now we are working on another important feature, dbility to
share some information between two or more entigesthat

a multithread process, where on threads do somthe user can write or modify at the same time alinmon

information to a group of entities (e.g. materid@irmation, or
survey technique).

3. THEWEBBIM FOR FACILITY MANAGEMENT

All objects belonging to Cultural Heritage haveaatjgular and
unique characterization. Also about intervention d an
maintenance, it is quite impossible to standardize
methodologies and techniques because the possiibléies on
the objects could be countless and also conductea very
different way according to the different operatamsd the
condition of the object at that particular time it life. An
information system should be able to transfornifiteeorder to
fit with the infinite different situations.

The presented system is built with this purposeoperator can
quite easily modify the database from time to tiateling ad
hoc workings, proper information fields and pararetables.
In this way many restoration intervention can besilga

When the system completes this multithread procesBresented and compiled as textual information useagy

backs to four step

when all process and file uploads are completesl, th
system removes the access lock previously inserte
and ends its operations

Our algorithm for mesh decimation permit to appneie it on
a grid of increasing size (LoD1 -> 1mm, LoD2 -> 2mmd3 -
> 4mm, and so on), by rounding off vertex coordisabn the
grid and merging with the same resulting coordisiateur
algorithm removes faces collapsed in one line ointpand
recalculates the normals. It manages UV texturedioates in
the same way of vertexes. Acting in this way, thesmis
reduced in size, but keeps its properties (e.geifstart from a
closed mesh, reduced mesh is also closed).

2.7 BIM3DSG v2 preview

BIM3DSG v2 is currently in development, even if some
features are already ready.

For BIM3DSG we rewrite almost all of the code, withbetter
structure to make it even faster than before; iditidn, also
thanks to the decision to adopt WPF for the Ul aotne
framework for WPF, we have focused on giving thitveare a
more visual appeal and easier usability. This ceeldm a low
priority task, but today usability, rapidity andrattive looking
makes the difference between a very useful systetmever or
rarely used, and a system that spreads out artd &taloe used
for the daily work.

With regards to the capabilities, we moved maiohydrd two
directions, both are designed for an use as geasnabssible of
the system: texture support and the ability to gean
dynamically the information fields.

Texture support is in fact required in some casesualy, where
having only the model of the structure is not ergugut also
visual information about cover or decoration is uieed.
Texture are now supported both in the modelling agament
part and the online platform.

Regarding the ability to dynamically change the iinfation
fields, it is a very important feature becausevedithe system to
be used in several different situations and fieldfapting it to
the user request and need, without the requiremeent¢write
the code.

dynamic tables linked to the objects as textualdfsexecuted
processes with the addition of any associated pateam

lp many cases this is not enough.

The restoration or maintenance activities imply iadification
of the structure or part of it. Textual informatiare inadequate
to describe the operations and specially they arrepresent
the geometric changes of the objects. A Buildingdmiation
System should be able to support a series of adcheated
intervention on the object that contemplate the @ete
replacement or a partial modification of a piecenaultiple
pieces from a geometric point of view. Moreovee Hystem is
able to connect all the modifications with ad haeated
“father-son” relationship and providing in this wathe
possibility to estract in real time the modificatidistory of
each object, visualizing also its 3D geometric rfiodiion.

3.1 Thecaseof the Milan Cathedral.

The case of study of the Milan Cathedral is a veopdy
example of those concepts. Some dedicated featares
specially created in the presented Web InformaSgetem to
manage the ordinary and extraordinary maintenapeeated by
the Veneranda Fabbrica.

3.1.1 Thesurvey and the model construction.

The survey has been conducted with a multi-scate raalti-
data approach. Multi-data means using various meamnt
sensors, depending on the necessity and used dndily or
simultaneously. The multi-scale concept, instead, the
integration of objects detected in different scdlmsdifferent
purposes or needs in the model. The use of differen
technologies is imposed by different factors chamming the

Spire, such as the material, the survey complekity to the
restricted spaces or to the element elevatiorhgaable-stayed
scaffolding and to the presence of the restoratiten

The most used technique is the photogrammetry, lasth
regards the construction of simpler and more lineats of the
structure (image modeling), and as the decoratets ianage

matching). The choice to use the photogrammetrthasmain

survey method has been made to direct the res¢éandrd a

low cost process. Besides the geometric survewgsitatso been
led a photographic survey describing every sindggenent of

the steeple, pointing out the conservation statusthe small

details hard to model and to be represented gralphic



The model is built inside Rhinoceros and guarantaes
measurements extraction at 1:50 scale. Many detaits

modelled at bigger scale in order not to lose
representation important shapes and geometriamtgsals of
the constructive characterization of the Milan’s l@alral. For
this reason many decorative parts are modelled:Gtsdale
(Fassi et al. 2011; Achille et al 2012).

3.1.2 The centuries-old tradition of the cathedral facility

management.

It is quite impossible to describe in few words thaditional

methods to maintain the cathedral by Veneranda ri&bb
Synthesizing at most, one can say that the mai ¢dshe

Fabbrica is to guarantee the structural safeth@tathedral. As
said by the Architect of the Veneranda Fabbrica, iden
Moerlin Visconti Castiglione, the Milan’s Cathedrala living

monument and is experienced by people, it has tealfiee and
functional. It is built entirely in Candoglia marbléhat

undergoes over the years strong structural weagedire to
rain washout and especially to air pollution. (Fassl., 2011)
So all the cathedral is is monitored by careful iquic

inspections, from which all maintenance activitieme

designined. Normally the main interventions operati consist
in substitution, in whole or in part, of the degeddmarble
blocks, anchorages and reinforcement structureanlg and
restoration operations are normally scheduled fecocations
and statuary. In this way the building site of thilan

Cathedral is an eternal construction site that efuintervenes
to heal those parts that threaten its stability is\decurity.
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Figure 2. Old 3D drawings of single marble blocksgessing
with related info and description. 3D representegio

and colours are used to better represent and Hescri

the management activities. The new BIM will
support the activities respecting the old classiy w
of work

3.1.3 The new facility management system. In the system,
several dedicated features were developed to supperold
traditional activities of the Veneranda Fabbricaaarning both
ordinary and extraordinary maintenance activities the
Milan’s Cathedral and to document all working phaaed all
restoring activities. The same 3D model was buyikciically
for this purpose, by modeling each marble block amdting a
“big LEGO” of pieces which focus on all the maindmce
activities.

ire th

Developing this part particular attention was datkd to create
a system able:
1. to manage fast geometric changes in the structures,
2. to increase the real time communication betweet jar
and offices increasing the automatic data updating,
3. to increase the portability of the system in ortter
encourage its use at the construction site.

Figure 3. First part implemented inside Rhinocerosrhs
Modeller. It is possible to see 3D models with
different colour in function of different restoraii
activities. Info and images can be loaded and
visualized with ad hoc panel. 3D model and info are
loaded from the external DB and can be used
without saving them locally

The system lets to:

e enter any maintenance activities with detailed
description (text or images) that does not chahge t
structure of the model previously entered,

¢ insert any kind of maintenance that alter the $tmac
of the model, with either a one to one, or in a tme
many, or in a many to one, or in a many to many
relationship,

¢ manage and visualize maintenance objects with
different colours in function of the intervention
typologies, state of progress, time and historgnofti
interventions,

¢« manage and visualize text information and images an
other files linked to the intervention,

e manage and visualize text information and imagels an
other files linked to the blocks interested by the
intervention,

« apply query or selection in function of intervemtio
typology, time and positions,

¢ load past situation so users can go back and forth
the history of the building structure, and alsodloa
past and actual situations at the same time for
comparison intent

e« associate any management information to
interventions, such as the assignment of a givierigo

the



an user, planning assistance, recording the houts a

costs required or incurred for interventions etc,

« estimate the weight of objects when it is knownt tha §

the density of the material (weight is automaticall
computed from the volume); it is also possible to
automatically estimate the cost of any replacenfent
it is known the price of the raw material and its
density,

e combine all the information, images and files lidke

sector or object type,
e connect full resolution models (1:1 scale) for 3D
printing and industrial automatic construction.
All the features can be used by both systems (web a
desktop), and all changes are always synchronizedal
time. All features are usable concurrently from tipls
locations and multiple users, both locally and resiyo
through the Internet, although, for obvious reas@osne
editing operations require a temporary write-lodkttoe
involved objects, in order to prevent concurrenaydrds.

Figure 4. Web Viewer with the model loaded in LOD 1 ]

4. CONCLUSION

o=

Figure 5. Example of daily use of our system folintemance

activities of the Milan Cathedral: (5.1)(5.2) yard

operation which requires the insertion of a new
maintenance event using the web interface on a
tablet; (5.3) a 3D specialistic is updating, in his

office, 3d models using photos, information and

datas just inserted from operator in fig 5.1 e 5.2

It is important to underline some key aspects thake the

video, etc.) linked to the model in a simply and system useful and attractive for different stakdbod in the

The presented system answers the initial questiohas the
triple goal to:
1. visualize huge and complex 3D models on the weis. It
quite similar to others online viewer, but morexitge
in terms of visualizable 3D model types and more
powerful in terms of visualized object dimensions,
2. share information and any kind of data (textualage
immediate way using the web,
3. keep track of the changes of the objects in thesyea

world of Cultural Heritage:

“the ease-of-use of the system”, that can be used b
the end user without the aid of any software wéth; f
the data enter and consulting is simple and iniiti



ad hoc choice of the modelling software, even ifimplementation

process ICCBE 2010, Jun 30 2010,

requires some preparation and exercise, i.e. the enNottingham
user doesn't need to have a dedicated modeling

competence.

It is currently used daily by the Veneranda Fakbn€ Duomo

both during the yard activities and in the techhaffice. The

first year of testing gave good results in terms$iroé saving in

designing and scheduling operations. The real tipaating of

the “drawings” of the cathedral and the real timenputations
of expenses are particularly successful. The usleso$ystem as
method of presentation of the performed works asdilts was
appreciated because immediate and always availablehe

web. Smaller success but still recognized by therauss the

usage of the system during construction activitinsfact, the

need of continuous internet connection is the weaht of the

system. The study of solutions to this problem lieaaly

planned in the future developments.

s

th

Figure 6. The use of the WEB Bim system in the yasd a
support for the disassembly of the oldest spirthef
Milan Cathedral.

The remarkable interest for this project has prepehe idea of
improving and engineering the system and espedalfpting it
in order to be used by other actors. Tests, funtbeearch and

Cyarc, http://www.cyark.org/

De Luca, L., 2013, 3D Modelling and Semantic Enmeimt in
Cultural Heritage, 54th Photogrammetric Week in igauit.
September 9-13.

Del Giudice, M., Osello, A., 2013, Bim for CulturaleHtage,
Int. Arch. Photogramm. Remote Sens. Spatial Inf., $d-
5/W2, 225-229, doi:10.5194/isprsarchives-XL-5-W522013,
2013.

Fassi, F., Achille, C., Gaudio, F., Fregonese, L0112
Integrated strategies for the modelling very laagel complex
architecturesint. Arch. Photogramm. Remote Sens. Spatial Inf.
Sci, XXXVII-5/W16, 105-112, doi:10.5194/isprsarchives
XXXVIII-5-W16-105-2011, 2011.

Fassi, F., Achille, C., Fregonese, L., 2011, Sumngyand
modelling the Main Spire of Milan Cathedral using ltiple

data sourcesThe Photogrammetric Recqr@6: 462—487. doi:
10.1111/j.1477-9730.2011.00658.x

Fassi, F., Parri S., 2012, Complex Architecture Bt &rom
Survey to WeblInternational Journal of Heritage in Digital
Era, vol. 1, p. 379-398, ISSN: 2047-4970

Potree, 2014, Online at: http://potree.org/wp/ éssed: 25
January 2015)

Rechichi, F., 2014,
http://www.itinnovations.it

ITinnovations  Library, online

Silla, L., 2012, CyArk Releases New Online 3D Viev@line
at:  http://www.cyark.org/news/cyark-releases-newrmi3d-
viewer

NBIMS, 2012. National Building Information Model Stiard
Project Committee,

developments are in progress to make it even MOry:/mww.buildingsmartalliance.org/index.php/nisifiag/

customizable and suitable for architectoaicd

archaeological case studies.
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